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Summary

Changes in land use and land cover are associatbdnginy environmental issues
observed on the earth’s surface. In the last degadeese changes were
unprecedented, mainly in tropical forest areas. Brazilian Amazon, the world’s
largest tropical forest, lost around 200.000 kmprifhary forest in the last ten years
(INPE, 2005). Considering this, and the consequeoaased by this deforestation,
it is important to know and define correctly thepensible agents, aiming at better
public policies that can help preserve the for8strching for indicators that could
help to identify the deforestation agents, somdisfj such as Mertens and Lambin
(1997), suggest that every deforestation proceapeshthe forest land in a specific
way, producing a spatial pattern that can be inédeg as indicative of the agents
with specific economic activities. Based on this diyyesis, the objective of this
study was to contribute to a better understandintared change processes in the
Amazon forest, investigating the linkages betwegatial patterns of deforestation,
as visualized in satellite images, and differergérdg and their specific economic
activities. To reach this objective, our methodatafapproach was based on socio-
economic data acquired at a household level cordbimi¢h data from satellite
images. First, different spatial patterns of deftagon were identified on the
satellite images, based on the typologies propaseHusson et al. (1995). Then,
some of the identified spatial patterns were isoland analyzed for specific
aspects, such as, the deforestation rate calcuthtedgh satellite images. socio-
economic characteristics based on household sufatyand evolution of land use
and land cover based on thematic maps derived faallite images. In addition,
cluster analysis was applied using the socio-ecinaiaa (household survey) and
land use and land cover data (satellite images)search for homogeneous groups
related to the spatial pattern. In the end, an ysislof Variance (ANOVA) was
applied to confirm the differences between spaiddterns.

The results suggested that the different spatiépe of deforestation found in
the study area can be related to specific econ@uiivities. Nevertheless, the
results have indicated that the spatial configarais not a consequence of its main
economic activity. They suggest that the spatiaifigoration is linked to the
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settlement project, and the main economic actiuitythe spatial patterns is a
consequence of a set of factors such as: sizeopkpty, location and disposition of
the property, presence or absence of infrastrucioad, market, transportation,
economic and technical).



Contents

COMPOSIIONAU JUIY ..ot e e e e e e e eeeeeens i
ACKNOWIEAGEMENTS ...t ii
SUMIMAY et e e e e e e e e e e e e e e e e eeeeeenennees iii.
(7001 (=T 0| £ TR %

Chaptel’ 1 Introduction ... 1

11
1.2

L0 o] 1T 1)Y= L SRR 5
Structure of the STUAY .....ccooiiiiiii e 6

C h aptel‘ 2 Literature REVIEW..........ccovvviiieeeiiiiiiiiiemee e 7

2.1
2.2
2.3

2.4
2.5

Land use and 1and COVEr Change..........ceiuiieieeciieiiiiee e 7
Tropical deforeStation.............ooviiiiiieeecc e 11
Brazilian Amazon: occupation and deforestation............................... 14
P22 T N © Tot o1 U o - To ] o [ PSR 14
2.3.2 DefOrestation ........ccocuuiieeiiiiiee it cmmmmieee e 17
Land use and land cover change in the Brazilian Amaz..................... 19
Linking remote sensing and social economic datatterstand the

proximate causes and drivers of tropical deforEsiat............ccccevvvvieeeinnnnnn. 22

Chapter 3 Study Area .......uvvveiieiiiiieeie e 27

3.1
3.2
3.3

3.4

Localization and CONteXt..........oouuviiiiccicmiiiiieeeee e seiinn e 2
SOCIO-ECONOMIC ASPECTS .. .. .ueiiiieiiiee e emeeeitte et et e e e e e e eeeaaa e e e aeanees 30
PRYSICAl ASPECLES ....veeiiiiieeiietee et 31

70 701 R € 1=To ] (o o |V APPSO 31
I 2 O 1110 - | (= PSP SPTPRPPT 31
ICTRC RS T C©1-To .4 To11 o] g To] (oo |20 31
Agricultural characteristics............ccvvieeeerrereee i 403



VI

Chapter 4 MethodolOgy.....ccvvevieeeeeiiiiiiiee e 37

4.1

4.2

4.3

4.4

4.5

First stage - Identification of spatial patterngleforestation................... 39
O O R U ) = 1Yo = L= R 41
Second stage - Field SUIVEY ........ccooiiceeeeeeeieeeeee e 43
4.2.1 HOUSENOIA SUIVEY ....cceeeeiiiiiiiieiee e eccmmees e e 44
4.2.2 LandSCape SUIVEY ........cccuvvireeiieeeesiiieeeeeaannnsnneneeeaeesssnnsnsnnneeeeeees 47
Third Stage - Automatic classification of land asel land cover............ 48
4.3.1 Segmentation PrOCESS........couiiureeeesss e e ssevreeesaineeeessnneeeens 49
4.3.2 ClassifiCation PrOCESS........uuiiiiiiriiieisieeenm sttt 49
4.3.3 Evaluation of the classification process..........ccoeeerivreren... 50
Fourth Stage - Clusters ANalySiS .........ooiceceeeaiiiiee e 50
4.4.1 Clusters AnalysisS — proCedure.............ueeeeereeeieeeeeiiiiiieeeeeeenn 52
Fifth Stage - Analysis of variance (ANOVA) ....ccccuuviiiiiiiiiiiiiiiieeeen. 52

C h apter 5 Results and DisSCuSSION ........cccevvnvvvvniivimmnnn 55

5.1

5.2

5.3

5.4

5.5
5.6

First Stage - Identification of spatial patterrdeforestation.................... 56
5.1.1 AUXIlAry data......ccccueeeeeeeiiiiiiiiieescmmm s ssiieeee e e e e e e e snnneree e e e 58
5.1.2 Deforestation analysiS .........c..ceeiiuiiiieccmmieeee i 62
Second Stage - Field SUNVEY .........ooi e 72
5.2.1 General household characteristiCs..........coaeeieeeiiiiieeeiniieeen, 73
5.2.2 Summary of field SUIVEY ...........coooiiiii i 85
Third Stage - Classification of land use and laneecdased on satellite
=T L= T PP P TSP 85
5.3.1 Characteristics of thematic ClassSes.........coeomiiiiiieieiinennnns 86
5.3.2 Evaluation of classification ............cc.ueieeeeciiieeeie e 88

5.3.3 Land use and land cover change analysis ....cccceeeevevvvvvennne... 90
5.3.4 Summary of land use and cover change analyzis................ 101
Fourth Stage - CluSter ANAIYSIS...........ee e eeeesiessinieeereeeeee s sneneeeens
5.4.1 Summary of cluster analysis...................

Fifth Stage - Analysis of Variance ANOVA
General household profile of each spatial pattern...............cccccceenee. 109

Chapter 6 CoNncClUSIONS .....vveieeiiiiiee e, 111

6.1

6.2
6.3
6.4
6.5
6.6

SYNENESIS ...ttt a e 111
6.1.1 Deforestation analySiS ..........coouiuiiiiieeeeesee e 112
6.1.2 General characteristics of households based orehoigssurvey
A, oo 112
6.1.3 Evolution of land use and land cover.........ommveeeiieenienennn. 113
6.1.4 CIUSIEr ANAIYSIS ...vvvrriiiieeeiiiiiiiiee s e e e e e 114
1= VT T o 1 o SRS 115
Methodological diSCUSSION ..........eiiiiiiiiiiiiiiiie e 117
Methodological IMItatioNS...........c.eeiiiimmmee e 118
Perspectives for further research ..., 119
Scientific CoNtribULION .............ooiiiiiiiim e 201



6.7 Policy IMPlICALIONS .....ccoiiiiiiieiiiiiie e 120
ANNEX A e e 123
ANNEX B ..o s 135
ANNEX € e e 141
ANNEX D oo 145
BiblOGraphy .........ueeeiii 491
LISt Of FIQUIES ...t 73l

LISt Of TabIES ..o e 175






Chapter 1

Introduction

Human interactions with the terrestrial surface search for subsistence and
development brought notable advances for humanitpany aspects such as: food
production and supply, shelter, transport, commatioa, water quality, production
of fiber for clothes, energy production amongsteogh However, these interactions
over many centuries have transformed a large podfothe planet’s land surface,
damaging the environment, and consequently affg¢hie balance and maintenance
of all life species of our planet, including humafi$ie environmental impacts
caused by anthropogenic actions throughout theeplamange from changes in
atmospheric composition, to the extensive modificebn the Earth's ecosystems
(Vitousek et al., 2000; Wackernagel et al., 20023ny of the land cover changes
with ecological and climatic significance are cuthg taking place in tropical
regions (e.g. deforestation, colonization of maagitands, dryland degradation,
landscape fragmentation and rapid urbanizationiniia, 1994).

Amongst the most important land cover changes,déferestation of tropical
forests represents one of the biggest environmémtadts of our time. This process
provokes several ecological and socio-economic atgpd he deforestation affects
global climate change, increase habitat degradadimh fragmentation causing a
series of unprecedented species extinction. In tiadgli deforestation changes
surface albedo, affecting the energy budget amadaté. The decrease in forest cover
also reduces evapotranspiration and rainfall, whichld have significant impacts
on the maintenance of forests. At last, the casdiooks are also reduced and carbon
emissions are increased. In the last United Natiéreanework Convention on
Climate Change (UNFCC Bali, 2007), deforestation wassidened as the second
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most important human-induced source of greenhoasesy being responsible for
20% of total emissions.

Tropical deforestation is a diverse phenomenoncdassa with many factors,
such as: high variability in forest types, physi@vironment, socio-economic
activities and cultural context (Lambin, 1994).the last 300 years, around 7 to 11
million km2 of primary forest was lost due to thepansion of agricultural lands
(including grasslands and crops area) (RamankutiyFarey, 1999b; FAO, 2004).
However, many other land use practices (e.g., minselective logging, and
infrastructure expansion) can degrade forest etasysconditions in terms of
productivity, biomass, stand structure and spemi@sposition, (Foley et al., 2005).
Land use can also degrade forest conditions intijrdxyy introducing pests and
pathogens, changing fire-fuel loads, changing padteand frequency of ignition
sources and changing local meteorological conditibfepstad et al., 1999).

The Brazilian Amazon, the largest continuous regibriropical forest in the
world, has suffered an intense process of defdresta the last 30 years, resulting
in the large-scale conversion of tropical foredbieattle ranching and cropland
areas. The increased human occupation of the farests has caused significant
changes in the ability of the environment to delikey ecosystem goods and
services. It also creates an uncertain futurelfersustainability from the regional to
the global environment, due the interconnectionsveéen natural processes in the
Amazon and the regional and global climate. It i€amsensus that important
changes in the Amazon ecosystems started in th@’s9%llowing a large scale
colonization process, characterized by the expansiothe agricultural frontier
through the construction of the first roads in tegion - e.g., BR 010 (Brasilia-DF
to Belém-PA), BR 364 (Rio Branco-AC to Porto Velho-RD), BR302
(Transamazonica) and BR 163 (Cuiba-MT to Santarém-PiAgse roads have up to
today, constituted vectors of colonization and borexpansion, where the natural
ecosystems are transformed into agricultural prodncsystems (including cattle
ranching and crops area). According to Alves ef18199); Alves (2002) and Escada
(2004), the main characteristic of the Amazon deftation process is the spatial
concentration, occurring mainly along roads anthapioneer frontier in the south
and south-eastern limits of the Amazon forest, whitre intensification of the
deforestation, has social and environmental impacttsh as: conflicts for property
rights (Becker, 1997), forest fragmentation and degtion through logging and fire
(Skole and Turker, 1993).

Due the intense process of colonization, the Beazihmazon has received in
the last decades over one million migrant farmesmfother regions of the country.
Many of them were attracted by the government-sp@us colonization programs
that offer free tropical forest land. The dynamid¢hos colonization process resulted
in complex interactions between several factord @& cattle dynamic, opening of
new areas, restoration of old infrastructure, adtical credit availability, agrarian
and productive strategies. The increasing expardfitime pastures and crops area in
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a disordered way have contributed to cause sigmfiddamages in some critical
areas of the Amazon basin, as the south of Pate, Stee north of Mato Grosso
State, the State of Rondbnia and the western p#neoAmazon basin, including the
eastern region of Acre State and southwest of AmazdState (Watrin, 1994;
Santos, et al., 2001). Amongst these areas of th@zAn basin, the western Amazon
suffered the consequences of the territorial ocioipgolicy with more intensity.
The economy of this region, based on natural ruleénaction, suffered from the
growth and fast development of rubber productioSauth Asia (Fearnside, 2007),
and the development of synthetic rubber. Therefarigrge extent of forest land,
especially old areas of rubber extraction with silem 5,000 ha to 500,000 ha,
were sold at low prices to economic groups from gbath of the country, to be
dedicated mainly to cattle ranching activities (Cramd Ramos Neto, 1983).
Specifically on the Acre State, a large processabdbnization started in the 1960s,
deriving from migration and establishment of peofsiem other regions of the
country, attracted by federal incentives (Allegr&892). This State, the main one in
the rubber extraction of the Amazon, saw its ecdnoiyase substituted for
subsistence crops and cattle ranching. These chdndand use resulted in large
scale environmental and socio-economic problemsorgst the environmental
problems, the loss of large areas of primary forestused the biological
impoverishment and after some time, the increas¢hefabandoned areas and
degraded pastures. In terms of socio-economic enadl the decline of the rubber
extraction areas and the abandonment of agrartdarsents provoking the increase
of the shanty towns (favelas) in the urban centers.

In function of the importance and variety of defietion impacts, much effort
has been made in the last decades to understacdukes of tropical deforestation,
aiming to find sustainable solutions to diministesaof deforestation and to improve
the quality of life of forest inhabitants. Howeyeauses and drivers of deforestation
are very case-specific and in most cases, causdadgpendent, and thus allow for
diverse interpretations. In the last 30 years, ma@thodologies, techniques and
instruments were developed to monitor, quantify anderstand the deforestation
process. Advances in remote sensing technologyné af the most significant
contributions to the study of tropical deforestatim recent decades, being at a
regional to global scales, the only feasible wayntmitor the world’s forests. In this
way, spatial patterns of deforestation visualizgdatellite images can be observed
worldwide on agricultural frontiers and along roa@gepending on coverage and
quantity of remote sensing data, regional defotiestehotspots can be identified
globally (Dutschke and Wolf, 2007). Some studiemgisatellite images (Mertens
and Lambin, 1997; Mertens, 1999) have observed d¢hehin spatial patterns of
deforestation occur frequently in the tropical zamel suggested that each particular
deforestation process shapes the forest landscapespecific way and leaves a
“footprint” that can be related to some specifiodause activity. If well understood
and interpreted, these “footprints” or spatial @ats of deforestation visualized by
satellite images can be a useful indicator in mtgtanning projects due the
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correlation between economic activities and defatem. Moreover, better

understanding the relations between spatial pattefrdeforestation and economic
activities, will help elucidate how each specificeas will be affected by an

economic or occupation policy. In terms of Brazililamazon, each sub-region has
different actors and motivations that probably halpe land in different ways.

Given this large diversity and spatial heteroggneftthe Amazon region, land use
analyses try to identify different spatial configtions of deforestation with the

objective of better understanding the processelmd use change and creating
indicators that can be useful in the elaboratiosp#cific development policies for
each region.

Nevertheless, satellite data only provide a basistlie localization of the
deforestation process, quantification of the amalaforested and identification of
the spatial configuration, but they do not expltie causes of deforestation. To
better understand the processes of deforestatesearchers combine different
sources of information at different scales, suchsatellite data, census data,
household survey data, biophysical data, climate,des a way of finding evidence
to identify proximate causes and driving forcesdeforestation. These linkages,
mainly relate to the combination between satellis#ga and socio-economic data
(called “people-to-pixel”), appears to be the meffective approach to provide
information about the causes of deforestation. @itellite images provide the
amount and extension of the changes, the socioeetiordata can provide insights
about the causes of changes. For the present stndfyses of land use and land
cover change based on satellite images and sooimetdc data are developed for
the colonization project “Pedro Peixoto”, in thererme East of Acre State, taking
into account the different spatial patterns of deftation present in the area. This
region underwent a strong reduction of the prim@ngst area during the 1990s.
This reduction is related to the increase in catéd areas, which cover about 300
kmz2 in 2004, and pasture areas, representing dif@ kmz2. The area of secondary
forests is also important, representing 680 kmapie the increase in the cultivated
and pastoral areas, the increase in secondarytfooas be an indicator of an
abandonment of cultivated parcels or pasture afidas.abandonment could suggest
the absence of technical and economic assistance imappropriate forest
occupation policies, which were not conceived telude different types of
producers in the new agricultural frontier of theaBllian Amazon (Lorena, 2006).
Good knowledge about the different spatial pattevhsleforestation will provide
consistent indications about land use and land gesafor each region of the
Amazon region.
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1.1 Objectives

The main objective of this study is to better uisthend the linkages between spatial
patterns of deforestation, land use activities defibrestation rates, by analyzing a
region of the Brazilian Amazon with different spafiatterns of deforestation and
that suffered from intense deforestation in thé Wecade. For this, | propose a
methodological approach that links spatial patteofisdeforestation visualized
through satellite images with specific land usevéets using remote sensing data
and socio-economic data from field survey. Thikdige would allow for a better
understanding of the dynamics of land use and coliange at a regional scale. It
would also allow stratification of forest frontiareas in terms of processes of land
use change, and thus would facilitate a fine-tumihgolicies to the particular socio-
economic dynamics underlying deforestation.

This objective is based on the hypothesis thaterdfit spatial patterns of
deforestation, as visualized in a time series téllé® images, are associated with
different land use and land cover change procdbs¢sare distinct in terms of rate
and intensity, actors involved, history, shape au# of the occupation. The
relevance of this analysis is the possibility tog@mate different diagnostics of the
causes and dynamics of deforestation for differegions, considering the main
agents, history, and mode of occupation, to impiavewledge about land use and
land cover change. The results of this researctiggpoints of reference that can
help elaborate policies for regional planning adlvas in the construction of
quantitative models that search to express loadlragional differences in land use
and land cover change.

To achieve the main objective, the spatial pattefndeforestation are analyzed
from different aspects. Each aspect constitutespeeific objective:

1) To analyze the evolution of deforestation rates dach spatial pattern of
deforestation, between 1990 to 2004;

2) To analyze the socio-economic characteristics athespatial pattern of
deforestation;

3) To analyze the dynamic of land use and land cohenge for each spatial
pattern of deforestation between the years 19%9B+,1997 — 1999, 1999 — 2004;

4) To investigate the presence of homogeneous grofifgrmers in terms of
economic activities related to the spatial patt@frdeforestation.
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1.2 Structure of the study

This study is structured in six chapte@hapter | introduces the objectives of this
study. Chapter Il consists of the literature review about the maisués of this
study. First, section 2.1 presents a general dismusibout land use and land cover
change. Then, in section 2.2, the causes and coesees of tropical deforestation
are explained. The following section 2.3 addressesAmazon occupation process,
followed by a discussion in section 2.4 about dralluse and land cover change in
the Brazilian Amazon. In the last section the lirdtvikeen remote sensing data and
socio-economic data is discussed, as a way to staohel the causes of tropical
deforestation.

Chapter Il gives an overview of the study area. First thaliaation of the
study area and the general context where it isrtedeare presented. Then the
physical aspects of the area in terms of geolotimate and geomorphology are
outlined (including here lithology, soil, geologyndh vegetation for each
geomorphologic unit). Finally the general agrictdlupractices followed in the
region are described.

Chapter IV sets out the methodologies used for data generatiw data
analysis. The methodology was divided in five etad-irst, it is demonstrated how
the spatial patterns of deforestation were seleciéén, in the second stage, the
activities related to the field survey are presénfene third stage concerns the land
use and land cover classification process. Thetlfostage shows the clustering
analysis, and finally, the fifth stage presentsahalyses of variance ANOVA.

Chapter V elaborates the results of the research. The argiom of this chapter
followed the same stages as for chapter IV. Se&itrshows the spatial patterns of
deforestation selected for the study. This seatisp presents an analysis about the
deforestation rates presented by each spatialrpattesection 5.2 are presented the
results of the field survey, including an analysésed on the socio-economic data
acquired in the field. Section 5.3 shows the resaftthe land use and land cover
classification and an analysis of the evolutiotaoid use and land cover changes for
each spatial pattern. In section 5.4 the groupsnédr through the process of
clustering are described, and in section 5.5 tkali® obtained from the analysis of
variance ANOVA are presented.

Chapter VI consists of the conclusions of this study. Thiapthr was divided
into: synthesis of the results, main findings, methlogical discussion,
methodological limitations, perspective for furthesearch, scientific contribution
and policy implications.



Chapter 2

Literature Review

2.1 Land use and land cover change

With the realization that land surface processésiénce climate (Lambin et al.,
2003), and consequently all life forms of the ptatieat depends on the balance
between the atmosphere, hydrosphere and biospheteive, the changes in land-
use and land-cover became a key topic of the relseagenda on global
environmental change several decades ago. Althtwghans have been altering
land cover since the advent of plant and animalefditation through the clearance
of patches of land for agriculture and livestockg®inin, 2002), there are evidence
to suggest that in the last 100 years, changesrd lse and land cover were
occurring at a extraordinary magnitude, rate aradiapextent (Lambin et al., 2001;
Harbel et al., 2004, Briassoulis, 2000). Due toithygortance of these impacts, large
research programs such as The Land Use and Land Cbaege program (LUCC),
a joint initiative of the International Geosphere&vhere Program (IGBP) and the
International Human Dimensions Program (IHDP), wereated with the specific
objective to better understand the causes of lardcand land cover change.

The terms land cover and land use are not synongrt®assoulis, 2000) and
the difference between them is relatively simplaaaptually. However, sometimes
it is difficult to discern the difference in term$ data, especially at aggregate scales
and/or due the lack of adequate information (Agu2f03). The termdand cover
comes from the natural sciences and denotes th&igathystate of the land (Turner
and Meyer, 1994) or the biophysical attributeshef €arth’s surface and immediate
subsurface (Turner et al., 1995; FAO, 2000). Ostlijn this term referred to the
type of vegetation that covered the land surfacet bas been expanded
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subsequently to include human structures, suchuiddirgs or pavement, and other
aspects of the physical environment, such as sbilsdiversity, surfaces and
groundwater (Moser, 1996; Lambin et al., 2003). Tdrenland useis used in the
social sciences and denotes the land utilization hiobynan beings, such as:
agriculture, cattle ranching, recreation, conséowat(Turner and Meyer, 1994;
Escada, 2004). Similarly, Skole (1994) defines lasd as the human employment
of a land-cover type. Finally, FAO (1995) transtatand use as the function or
purpose for which the land is used by the local @mpopulation and can be defined
as the human activities directly related to lan@kimg use of its resources and
having an impact on them. These two concepts “lasel’ and “land cover” are
connected by the change sources that are the haotians that modify directly the
physical environment (Turner and Meyer, 1994). Ehasurces represent the
intersection between physical processes and thenacbf human behaviours
(Escada and Alves, 2001).

Changes in land use and land cover imply quantéathanges in the areal extent
(increases or decreases) of a given type of laadukand cover (Briassoulis, 2000).
Complementarily, changes in land use and land coaerbe broken down into two
concepts: conversion and modification (Turner ef &8995; Skole, 1994). Land
cover conversion involves a change from one coyee to another (e.g. forest to
crops). Land cover modification involves alterasasf structure or function without
a wholesale change from one cover type to anofh@ould involve changes in
productivity, biomass, or phenology (Skole, 1994nibin et al., 2003). In terms of
land use, conversion means the total change froentgme of use to another (e.g.
crops production to cattle ranching). But modifioatiof a particular land use can
include changes in the intensity of this use a$ ashlterations of its characteristics
(e.g. change of the crop type or its intensifiaati(Briassoulis, 2000). According to
Lambin and Geist (2001), it is necessary to undadsthe utility of some type of
cover to understand the process of change. Landngséand cover change were, for
a long time, seen as a slow moving, continuousqa®es. In fact they are disjoint
processes, with fast change periods, often trighbyea sudden event. The changes
are determined by a complexity network of biophgbkfactors (soil characteristics,
climate, topographic) and socio-economic factoop(pation, technology, economic
condition, political decision, etc) denominatesotding factors” (Kaimowitz and
Angelsen, 1998). The “forcing factors” can be categed in “immediate factors”
(variables associated with the parameters of |degision such as: accessibility,
product price, environmental factors, availablehtestogies) and “underlying
factors” (economic policies, global market priceaaroeconomic trends). These
factors interact in space and time in differentdrisal and geographical contexts,
creating different trajectories of change.

Although several land use practices are absolutshential to satisfy basic
human needs (Briassoulis, 2000; Foley et al., 206fny of these land use
practices are degrading the ecosystem goods amiteserupon which humans
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depend (Foley et al., 2005). Land use, its dynanit consequent changes in land
cover have often been considered a local envirotahé&sue. However, given the
current extension of the modified surface anddtpectively impacts, it is becoming
a force of global importance (Foley et al., 200%nnah et al. (1994) states that in
the 1990s, about 36% of the Earth’s biological paiidity was dominated by man,
37% was partially disturbed and only about 27% iwdisturbed. Similarly,
Sanderson et al. (2002) states that 83% of thedsial surface is under direct
human influence. Moreover, these alterations caubgd human actions is
accompanied by large increases in energy, waterfetitizer consumption, along
with considerable loss of biodiversity, increasetioé greenhouse gases in the
atmosphere and of pollutants (Foley et al., 2005).

All these transformations in the terrestrial suefatave impacts (negative or
positive) on the environment and society. It is émant to note that usually, all
impacts of land use change are assumed to be weghlievertheless, whether an
impact is positive or negative depends on the apatid temporal scale concerned.
In addition, some actions, such as environmentdlsartial regulation and policies,
land restoration projects and similar actions aaribit the negative influences of
land use and land cover change (Briassoulis, 2@@@ever, it was the negative
impacts that stimulated the scientific and politierest on land use change. In terms
of environment impacts of land use change, thezeeaidences that these changes
have direct or indirect impact on the biotic divgrsvorldwide (Sala et al., 2000;
Daily et al., 2000; Foley et al., 2005), local, ice@l and global climate (Chase et
al., 1999; Houghton, 1999, Fearnside, 1997 and ;2B6(ey et al., 2005). It also
degrades the soil (Tolba et al., 1992; Trimblelgt2®00; Ramankutty et al., 2002)
and the ability for biological systems to suppountan needs (Vitousek et al.,
1997). Moreover, land use practices play an importale in the changes in the
global carbon cycle and consequently in the glatiiahate (Foley et al., 2005).
According to Houghton (2003), roughly 35% of angpwgenic CQ emissions
between 1850 and 1950 are directly related to lesad In addition, changes in land
use and land cover, mainly related to the defotiesteof tropical forests, were
considered by the last United Nations Framework @atien on Climate Change
(UNFCCC Bali, 2007) as one the most important acti@paoasible for the CO
global emission, contributing around 20 % of thialtemissions. In fact, the tropical
deforestation is considered as one of the biggegiranmental impact and this
subject will be better developed in the next sectibhe hydrologic cycle has also
been transformed by human activity to provide fvestier for irrigation, industry,
and domestic consumption (Postel et al., 1996; Stoaity et al.,, 2000). The
anthropogenic nutrient inputs to the biosphere ftbmfertilizers and atmospheric
pollutants now exceed natural sources and havetaffeboth the quality of the
coastal and freshwater ecosystems (Matson et#l7; Bennet et al., 2001). Finally,
there are also indications that land use and laveércchanges may be related to
infectious diseases. Patz et al. (2004) state llaitat modification, road/dam
construction, irrigation, concentration or expansad urban areas, increases in the
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proximity of people, and livestock can all modifiyet transmission of infectious

diseases. One study related the increase of baebdipha viruses occurring in

Malaysia with changes in land use (Chua et al., 19%milarly, Patz et al. (2004)

relate the increase of deforestation with the ghowft malaria and/or its vectors in

Africa, Asia and Latin America. Finally, Vanwambeg005) investigated the links

between vector-borne diseases (dengue) and largt dovlhailand. Dengue is a

major concern in Thailand and this study found intgoat relations between land use
changes and the occurrence of the disease.

The socio-economic impacts of land use and landercahange are also
significant and give rise to serious concerns bsdtial levels. At a global level,
the socio-economic impacts concern issues sucloas $ecurity, water scarcity,
population displacement and more generally, theeissf human security and
vulnerability to natural and technological hazaf@sassoulis, 2000). At a regional
level, the socio-economic impacts of land use charaye more heterogeneous due
the variety of regional characteristics where teedlganges occur. In general, the
issues concern the availability of land for regiofi@d production, changes
(reduction) in land productivity and consequenflgwer) profitability and changes
in industrial structure, employment, unemploymeatyerty, population change and
migration, and quality of life issues such as Healtd amenity (Briassoulis, 2000).
Finally, at a local level, the socio economic imgaof land use and land cover
change comprise similar concerns but they areict=drto the particular localities
where these changes occur.

Although the consequences of land use and landrcollange have been
reviewed and presented systematically in the libeea the common understanding
of the causes of land use and land cover changdsnisnated by simplifications
(Lambin et al., 2001). Identifying the specific sas of land use change requires an
understanding of how people make land use decisims how various factors
interact in specific contexts to influence decisimaking on land use (Lambin et al.,
2003). The understanding of the dynamics of larg-asd land-cover has
increasingly become recognized as one of the kegareh imperatives in global
environmental change research (Turner et al., 1990ner and Meyer, 1994;
Lambin et al., 1999; Geist, 1999; Lambin et al.020 In spite of the number and
variety of studies about the causes of land usdardicover changes, there are still
a long way to reach a complete understanding att@utmnechanisms of changes.
Each biome and each region can possess diffenges yf cover, each one linked to
a variety of land use and consequently differepesyof change. The process of
tropical deforestation is just one of them. Howewere its environmental and socio-
economic impacts, many studies about the causkesmadfuse and land cover change
are related to the process of tropical deforestatithe next section will address
specifically concerns about tropical deforestatitsicauses and consequences.
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2.2 Tropical deforestation

The deforestation of tropical forests has been idensd as one of the primary
causes of global environmental change (Geist amdbirg 2002). Although global
forest loss has occurred for centuries, rapid ratésopical deforestation have only
become an international concern in the last twéint/years (Barbier and Burgess,
2001). Only in the last decade, the tropical fardéstve decreased globally about 9.4
million ha (FAO, 2000). It has become a problemcéaese tropical forests play
critical roles as repositories of biological diviegrsand in regulating global
biogeochemical and hydrologic cycles (Eltahir an@sBr1996; Houghton, 1999;
Meyers et al., 2000). Moreover, due the amountaben stocked in forests and the
possibility to lose this carbon to the atmosphéhne, process of deforestation and
degradation of tropical forests have been consitlaseone of the major source of
CO, emissions and consequently one of the responéiblehe climate change
(Dutschke and Wolf, 2007).

Tropical deforestation is a diverse phenomenon,raady efforts had been made
to improve the knowledge about its causes. Theestibjas considered as a priority
research issue by the Land Use and Land Cover Cinoggct (LUCC) (Lambin et
al., 1999). To better organize and understand #uses of changes, this program
followed the concept of “proximate causes and dgviorces” (Turner et al., 1995;
Lambin et al., 1999; Geist and Lambin, 2002). Brgagloximate causes refer to
the activities that directly result in a transfotioa of land use/cover, while driving
forces indicates the underlying processes that gbse to the proximate actions
effecting landscape change (Chowdhury, 2006). Mpeeifically, proximate causes
are human activities or immediate actions at thmlldevel, such as agricultural
expansion, wood extraction and the expansion ofinfrastructure that originate
from intended land use and which directly impaate$d cover. The underlying
driving forces may be the fundamental social preesssuch as human population
dynamics or agricultural policies, which suppo# firoximate causes and operate at
the local level or have an indirect impact on th&ianal or global levels (Geist and
Lambin, 2001).

The proximate causes of deforestation are well knoga) slash-and-burn
cultivation, (b) settlement policies, (c) fuelwogdthering and charcoal production,
(d) forest conversion for cattle ranching, (d) fi@ént commercial logging
operations, (e) increase of infrastructure, anda(fe scale, uncontrolled forest fires
(Lambin, 1994). Although the proximate causes @ear, the driving forces of
deforestation strongly depend on each case. Inrgenkivers of deforestation may
include population dynamics (Bilsborrow and Okothe@do, 1992; Meyer and
Turner, 1992; Mather and Needle, 2000), agricultpaéicies, economic and market
factors, (Rudel and Roper, 1997; Mertens et al., 280&peis and Vance, 2003),
land tenure and property regimes (Mendelsohn antlBal995; Angelsen, 1999;
Futemma and Brondizio, 2003), technological chaigeay and Grubler, 1996; El-
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Lakany and Ball, 2001; Rgpke, 2001), and culturalaglyics (Proctor, 1998; Birgi

et al., 2005). In a large meta-analysis of proximate eawend underlying driving

forces of tropical deforestation, Geist and Lami§z01 and 2002) analyzed 152
sub national case studies around the world. Thdtsedemonstrated that only 6% of
the cases were related to a single proximate caodethat 94% were related to
multi-factorial terms. The authors concluded thatises and drivers of tropical
deforestation couldn’t be reduced to a single cauge only a few variables. They
also concluded that tropical deforestation wasrdateed by different combinations

of various proximate causes and underlying driforges, varying in geographical
and historical contexts. Finally, they stressed ithportance of understanding the
complex set of proximate causes and underlyingrdyiforces affecting forest cover
changes for a given location before any policyrirgation can be made.

Unfortunately, the consequences of the increasdetdrestation are far from
clear (Sherril, 1999). There are strong indicatitret tropical deforestation may be
a potential long-term problem to ecological susthility and socio-economic
development (Meyers, 1980). It also plays a cemoéd in many environmental
threats, including, regional and global climate rgig (Shukla, 1990; Fearnside,
1996; Fearnside, 1997), habitat degradation (Laemel Goldstein, 1997; Roth,
2001; Alin et al., 2002) and unprecedented spesxtisction (Mendoza and Dirzo,
1999; Metzger, 2000; Totten et al., 2003). Defatsh impacts regional and global
climate through the surface-energy budget, as alithrough the carbon cycle
(Pielke et all., 2002). Although quantification lefiman influences on climate has
focused largely on changes in atmospheric composithere are evidences that
changes in the vegetation cover provides an additicnajor forcing of climate,
through the changes in the physical propertieshefland surface (Pielke et all.,
2002). Evidences indicating that changes in théasaralbedo can be compared
with greenhouse-gas emissions through the conckpadiative forcing (Betts,
2000). In regions that suffered intensive humarseduland-use change such as
North America, Europe and southeast Asia, the loediative forcing change
caused by surface albedo may actually be greaten that due to all the
anthropogenic greenhouse gases together (IPCC, 20@i¢over, changes in the
evapotranspiration and consequently in the watelecys another considerable
impact of tropical deforestation on climate, abeal to regional scale in this case
(Lambin et al., 2003).

Despite the importance of the impacts caused bycttenges in the surface
albedo and in the evapotranspiration, the carbockstl become the factor used to
assess the human intervention in the Earth’'s cnsistem (Fearnside, 2004).
According to this author, tropical forests contéange stocks of carbon and any
change in its cover has potentially important cqnsaces for the global carbon
cycle and related climate changes. In fact, therdstation had been considered by
the United Nations Framework Convention on Climate mgea(UNFCCC, Bali
2007) as the second single gas source, behindyepesguction, being responsible
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for about 20% of human GHG emissions (Dutschke \&iodf, 2007). Although the
real role of terrestrial ecosystems in the globatbon budge is still uncertain
(Houghton, 1999), much effort has been made to tifya®O, emissions (historical
and contemporary) from changes in land use anddawdr, primarily deforestation.
The historical cumulative carbon losses to the aphere in function of the changes
in land use have been estimated as 180-200 PgCi@3eftral., 1999) by comparing
maps of current vegetation cover derived from 198fllite data (House, et al.,
2002). Houghton (1999) estimated a global carbas laf 124 PgC from 1850 to
1990 based on land use statistics. The differeritte the estimate from DeFries et
al. (1999) is mostly due to land conversions tltauored before 1850 in Europe and
Asia. Houghton (2003) presents additional resultaeav regional analyses of land
use change and extends his previous global estinaftecarbon flux
(Houghton,1999), to the year 2000. Globally, thegiderm (1850-2000) flux of
carbon from changes in land use had improved fré tb 156 PgC to the
atmosphere, being 60% of it from the tropics. Théhar attributes the difference
with the previous estimate to uncertainties in the of deforestation and in the
ecosystems carbon stocks effected by humans. itiaddselective logging was not
computed in these previous estimates and can loe aalsource of uncertainty.
According to Asner et al. (2005), between 1999 @002, the annual extent of
selective logging ranged from 12.075 to 19.823 kmefresenting new forest
damaged not accounted for in deforestation studigmlly, House et all. (2002,
based on Houghton, 1999), have estimated totalonaltiss by 2000 as 200-220
PgC.

Related to the contemporary flux of €@ the atmosphere, the estimations are
also uncertain due to difficulties in quantifyingfdrestation and regrowth rates,
initial biomass, and fate of carbon in areas whezgetation has been cleared
(DeFries et al. 2002). For the 1980s and 1990dewdughton (2003) estimated an
average annual carbon fluxes from tropical defatest around 2.0 and 2.2 PgC
year respectively, DeFries et al. (2002) estimatetimean annual carbon fluxes
from tropical deforestation and regrowth to aver@de(0.3— 0.8) and 0.9 (0.5-1.4)
PgC year for the 1980s and 1990s, respectively llfFirestimates of carbon fluxes
from tropical deforestation as reported by the ripggernmental Panel on Climate
Change (IPCC) (Prentice et al., 2p@dnge from 0.6 to 2.5 PgC year for the 1980s,
based primarily on calculations using croplandigtias from the United Nations
Food and Agriculture Organization (FAO) and deftatien rates from the FAO
Forest Resource Assessment (FRA) (House et al., 2002)

Global climate changes due the emission of €&@m deforestation are far from
the only serious environmental threats caused Wprestation. Some authors
consider the deforestation and habitat degradatiaropical countries as the major
threats to global biodiversity (Myers, 1984 and 898aurance and Bierregaard,
1997). Several studies worldwide relate deforemtatvith habitat degradation, such
as Lacher and Goldstein (1997) in Latin America @adibbean; Alin et al. (2002)
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in Tanzania; Roth (2001) in the Dominican RepubliodBeon (2000) in the Asian
Rivers; Sodhi et al. (2005) in Linggoasri, centraval Furthermore, forest
fragmentation can influence directly the presepratof biodiversity. Concerns
about elevated species extinction rates in thedsogre also a common feature of
the conservation literature (Pitman et al.,, 200)e studies that relate species
extinction to deforestation are numerous and vargeims of threatened species. In
general, the studies focus on the extinction ofeta@gspecies (Metzger, 2000;
Mendonza and Dirzo, 1999; Sosa and Platas, 199Tiefet al., 1994; Monteiro et
al., 2005; Hill et al., 2003; Pitman et al., 20@82una et al., 2002) or insect species
(Novotny et al., 2004; Koh et al., 2004; TilbergleBreed, 2004). However, it is hot
difficult to find studies that associate forest dmtation, bird species extinction,
(Watson et al., 2004; Balmford and Long, 1994; Jph@81; Brooks et al., 1997) or
threatened primates (Johns, 1987; Johns and Skar8g@; Cowlishaw, 1999).

As the largest area of tropical forest of the wptlile Amazon forest has a
significant contribution to global environmentalrehts. Deforestation in the
Brazilian Amazon has increased in the last decaded, the current rate and
cumulative extent of deforestation comprise vasaarn(Fearnside, 2005). The causes
are diverse and not well understood at the mommaahtlze consequences are already
visible not only at a local and regional scale, bigo at a global scale. The
occupation of the Brazilian Amazon and its procdsdeforestation will be the main
subject of the next section.

2.3 Brazilian Amazon: occupation and
deforestation

2.3.1 Occupation

Although already occupied for centuries, the ecaromecupation of the Brazilian
Amazon started during the 1920’s and 1930’s, wlith first migrant flow coming
from northeast Brazil (Escada, 2004), to work maiimlythe extraction activities.
The pioneer front was intensified during the 1951sl 1960's with the creation of
SPVEA (Superintendéncia de Valorizacdo EconémicArdazonia - Supervision of
Amazon Economic Valuation), the first governmemtaasure for occupation of the
region, and the opening of the first roads of tagian, the Transamazénica and
Bélem — Brasilia (Sherril, 1999; Escada, 2004; Féden2005; Kirby et al., 2006).
In the 1970’s the occupation of the Amazon basinabee a national priority
(Escada, 2004). The federal government began telalevand subsidize the
occupation of the land destined for the agrariantfer expansion through the PIN
program (Progama de Integracdo Nacional-Natiortelghation Program) and PND
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(Plano Nacional de Desenvolvimento Econdmico e &oei National Plain for
Socio-economic Development).

The occupation policy tried to combine the entesgsiof economic exploration
with geopolitical strategies (Costa, 1997). Thesmtagies adopted by the
government for the occupation of the Amazon inctid@) the implementation of
spatial integration networks through the constorcti of roads and
telecommunication lines, (b) the construction ofitoelectric energy power plants
and implementation of urban projects, (c) the disgssion of unoccupied land for
the implantation of colonization projects, (d) gwbsidizing of capital flow, and (e)
the induction of migratory flow (Becker, 1997; Madoa 1998; Sherril, 1999;
Escada, 2004). One of the main projects executetthisnperiod was the official
colonization project, PROTERRA (Programa de Redisigému de Terras — Land
Redistribution Program), conduced by the INCRA (Insbit Nacional de
Colonizacéo e Reforma Agraria — National Institute @mlonization and Agrarian
Reform), which distributed lands along of roads gorall producers supported by
the government.

The modernization of agriculture in the southergioe of the country also
contributed towards the colonization process of Ameazon. This modernization
dismissed a large contingent of workers leadingh® exodus of the Amazon
regions and thus starting a process of forest agefiihe construction of the BR 364
road (Cuibd — Porto Velho) motivated the flow of @okts mainly from Parana
State to Rondbénia State (Mahar, 1989). In the 1980t POLONOROESTE
program financed, through the World Bank, paved saadimprove the migratory
flow. However it provoked a disordered occupatidratt resulted in a rapid
deforestation process and also in the invasionaafl loccupied by indigenous
population generating conflicts and negative saaiglacts.

In the 1980’s the occupation process became mamplex. The land demands
in the Amazon became more organized politicallysadg the increase of violent
conflicts between different groups in the new frentbig and small agriculturists,
cattle ranchers, extraction workers, worker unideem-terra” (landless peasants),
etc. (Sherrill, 1999). The majority of the migrantgere established in the
southwest/northeast Amazon frontier, in a regicat #xtended to the east of the
Acre State and North of Rondbnia State to south smathwest of Para State
(Teixeira, 1998). This region, known as the “Arcddforestation” (Figure 2.1), is
where the highest rates of deforestation of Amamerstill observed.
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Figure 2.1 Arc of deforestation

At the end of the 1980’s and early 1990's, thee3tanhtervention in the regional
economy and development was reduced. During th@sl8® focus in the Amazon
exploration was changed and many important prograosie with international
support, had been implemented with a more congenist vision (Becker, 2001,
Escada, 2004). Examples of these programs include:

PPG 7 — A Pilot Program for Brazilian Tropical FdrEsotection, financed by
the World Bank, with the objectives of genetic reses preservation and
deforestation mitigation;

SIVAM - Sistema de Monitoramento da Amazénia (Antazdonitoring
System). A federal project for the protection ahd monitoring of the Amazon
against external territorial intervention;

LBA — Large Scale Biosphere and Atmosphere Experinretite Amazon. An
international initiative with national leadershipdaobjectives to better understands
the interactions between the Amazon basin and litleabbiogeophysical system.
With such objectives, the leadership will be aldegyénerate new knowledge about
the climatic, ecological, biochemical, and hydradad functioning of the Amazon
basin;
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PBA — Programa Brasil em acéo (Brazil in Action PragraA government
program that develops corridors to stimulate grarports. Stimulation occurs
through the ENIDs — Eixos Nacionais de Intergragdoesenvolvimento (National
Axes of Integration and Development) that includetsn of circulation,
communication, energy and multimode systems offrarts and communication;

ZEE — Zoneamento Ecolégico Econdmico (Ecologicabribmic zoning) is a
national policy environmental tool for territoriatganization. The ZEE establishes
measures and patterns of environmental protectiestired to assure the
environmental quality of hydrological resources| and biodiversity. The objective
is to assure the sustainable development and teoirapthe quality life of the
population. Although be a national program of terial organization, with good
examples of implementation in several Brazilian &ats in the Amazon region that
the results of its implementation are more obvious.

2.3.2 Deforestation

The occupation of the Brazilian Amazon caused tlss lof vast areas of primary
forest. According to the National Institute for 8paResearch (INPE, 2007jhe
accumulated deforested area in 2005 was 680,000 dpptoximately 17% of the
Brazilian Amazon. During the 1980’'s, the Brazilianstitute for Environment
(IBAMA) showed that rates of Amazon deforestatiomateed 20.500 km?/year
(Figure 2.1). In this period, fiscal incentives wex strong driver of deforestation
(Mahar, 1979). Although some incentives, such agegonent subsidies became
scarcer after 1984, given the hyperinflation domina the 1980’s, the fiscal
incentives had prevailed through the 1980’s ur@®1, when new incentives were
suspended (Fearnside, 2005). In the following yebefore the United Nation
Conference on Environment and Development (UNCED Rjoa®d the beginning
of the economic stabilization process (1990 — 1988) rates of deforestation fell
greatly, with numbers oscillating between 11.106 48.800 km?/year. This decline
can be explained by a period of economic contracffeearnside, 1993, Escada,
2004) where rural producers didn't have the meanmyest in the deforestation.
Moreover, during this same period, the RIO-92 camiee took place (Sherryl,
1999) to discuss the relationship between planetthEand its ecosystem
sustainability, and the reduction of Amazon deftaésn.

! Governmental institution responsible for the Amazeforestation monitoring by satellite images.
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Figure 2.2 Deforestation in the Brazilian Amaza@a) @verage between 1977/1988- (b) average between
93/94)

However, this situation proved to be only temporangl in accordance with the
National Institute for Space Research (INPE), thea2om deforestations rate came
back to an average of 29.000 km?/year during 1@94995 (Sherryll, 1999). The
biggest increase in the deforestation rate wasreédeduring the years 1994 and
1995 (Escada, 2004). This specific period was nthikethe rapid recovery of the
economy under the “Plano Readind the availability of capital for new investmgnt
including cattle (Fearnside, 2005). The subseqfatinin deforestation rates in 1996
and 1997 was attributed to land speculation dutiirigy period. The decrease in the
inflation rate provoked a constant decrease inlahd value, with a fall of around
50% in one year. This fall in the land value madedl speculation unattractive
(Fearnside, 2005). Between 1996 and 2001, the re&Fe oscillating between
13.000 knilyear and 18.000 km?/year and started to grow @902 and 2004
being around 23.000 km2 (INPE, 2004). Finally, edw 2004 and 2006, the rates
declined to surge again in 2007.

The deforestation rates began to increase ag&i@dfh. Some authors (Laurance,
et al., 2001; Nepstad et al., 2001; Fearnside, 2RDBy et al., 2006) attributed this
increase to the perspective of the “Avanca Bragifan. The project would cost
about $43 billion and be implemented from 2000-20R6is development project

2 Economic stabilization project developed by FedwarHenrique Cardoso’'s team when he was
Economy’s Ministry. The primary objective of thpsoject was to control the Brazilian hyperinflation.

% Avanga Brasil (Forward Brazil) is a large infrasturet program planned in Brazil (2000 — 2020). The
portion of the plan to be carried out in Brazil'sgaeAmazon region totals US$ 43 billion over 8 year
being US$ 20 billion only for infrastructure.
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included large investments in the infrastructureghaf Amazon region, mainly the
construction of highways. Other authors (Silveig®01; Nepstad et al., 2002;
Cémara et al.,, 2005, Bruna and Kainer, 2005, Schaefid Rodrigues, 2005)
considered the linkage between deforestation angariéa Brasil” an over-
simplified view, given the diversity of factors thafluenced the location and rates
of land use change in a very heterogeneous re§iome studies about the Amazon
deforestation show that it occurs in a concentratag in space (Fearnside, 1987;
Skole and Tucker, 1993; Alves, 1999; Alves, 20@2png the main roads (Skole
and Tucker, 1993; Alves et al.,, 1998 e 1999; Alv2B802; Dale et al., 1994;
Fearnside, 2001; Laurence and Fearnside, 2002)rathie deforestation frontier
areas (Alves et al., 1999; Alves, 2002, Escada4 200

In fact, the Amazon deforestation is a very comgiegnomenon, not continuous
and not homogeneous, varying in shape, size, anandhimotivations. In function
of this complexity of the Amazon, analyses of tlaise of deforestation must be
carried out with caution considering different gsabf process, from local analyses
to the analyses of external factors, policy fagtorstitutional and economic factors
and also the international context (Skole et &941 Sheryll, 1999; Escada, 2004).
The next section concerns specifically the charigdand use and land cover and
the process of Amazon deforestation.

2.4 Land use and land cover change in the
Brazilian Amazon

Escada (2004) stated that the main land use amdclawer change processes in the
Amazon are related to the rural producers that mgdhe Amazon and develop
different strategies of land use. These rural pcedsican be divided into farming
companies that consist of large, medium and sragthérs (Becker, 1997). All these
agents play an important role in the Amazon detfati&Es. However it is difficult to
say how much of the deforestation can be attribtibethe small and large rural
producers. Fearnside (1993) estimated that, dur@® and 1991, around 70 % of
deforestation was related to big farm activitiesl amly 30% was related to small
properties.

In terms of land-use activities, cattle ranchingl @amall-scale farming have
historically played the most significant role iretlclearing of the Amazon forest
(Kirby, et al., 2006). In general, the large anddium individual farmers have been
dedicated mainly to the production of cattle foe fimeat market and consider the
land as a reserve value (Becker, 1997). In some Amaggions, such as the Mato
Grosso State, the large farms started to produgleesm for exportation (Fujisaka,
1996; Escada, 2004). The importance of soy farragg land-demanding economic
activity has grown dramatically in the last ten nge@earnside, 2001).
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Each of these activities (cattle and soy farmirmggds to be strongly associated
with agricultural exploitations of particular sizéata from the most recent national
agricultural census reveal both the highly uneglistribution of land in the legal
Amazon and the disproportionate contribution ofleainching and soy farming to
deforestation (Kirby et al.; 2006). For exampleypmrties greater than 2.000 ha in
size, which tends to be extensive cattle ranchesyrean farms, constitute only 1%
of all agricultural exploitations in the nine Amasan states but control 46.8% of all
land converted from forest or cerrado (savanna)agpiculture. In contrast,
subsistence farms of less than 20 ha constitute 53% of Amazon exploitations
but control only 1.5% of land converted to agriawdt (Chomitz, 2001).

The small producers including the landholders,dbaklers, and colonists who
represent a significant proportion of Amazon inkextis (Becker, 1997) developed
diversified strategies of land use where the dyoands related to the soil fertility
(Moran et al., 2002) and the main activity was &tare of annual and perennial
cultures and pasture for cattle (Pedlowski and DE®®?2; Pedlowski et al., 1999;
McCraken et al., 1999 and 2002; Brondizio et al.,2208ccording to Kirby et al.
(2006), after cattle ranchers, small farmers hdagaal the most significant role in
the clearing of the Amazon forest. In the Amazdbe, initial land claimed by small
farmers was created using the slash-and-burn methbd extent and rate of
clearing were determined by labour supply and ehpithe process of farm
establishment may have spanned a decade or morkgiMa al., 2000). The
average small farm in the Amazon cleared 1 ha wdstoper year (Homma et al.,
1996). In general a plot can support annual crapmgd 2-3 years, after which soils
are exhausted and new areas are cleared (Kirbly, @086). The old fields are left
to rest or converted to pasture.

Although there is diversification of activities anmgp large, medium and small
farms and the presence of large soy farms, a ti@wdttle already observed in the
past (Buchbacher, 1986; Fearnside, 1993), is clyrefiserved (Teixeira et al.,
2000; Escada, 2004) including in the small farmsi@d et al., 1996; Walker et al.,
2000; Moran, 2002; Lorena, 2003). This phenomenam loe explained through
many factors: land valorisation by pasture implaata(Pedlowski and Dale, 1992),
security for the family investment (Hecht and Coakhul 990; Kirby et al., 2006),
price stability of meat on the market (Veiga et 4896), and the possibility of milk
production that represents a source of food in ne@®es. In general, the pasture is
implemented in areas that were annual and pereoultlres (Walker et al, 1997).
However, cattle activity requires great areas afaviours the conversion of primary
forest to pasture (Walker et al, 1997). Over 10iomlha of primaryforest were
converted to pasture between 1960 and 1990 in thazAn (Anderson, 1990). This
conversion was stimulated by incentives, from thepeBvision for Amazon
Development (SUDAM — Superintendéncia de desenwwwio da Amazbnia),
which facilitated private investments in the Amazbmough tax incentives, with
most support granted to large cattle ranches angocations (Gasques and
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Yocomizo, 1990; Fujisaka, 1996, Kirby et al., 2006)1994 cattle ranches covered
8.4 million ha, with an average 24.000 ha each,employed only one person for
every 300 ha and was profitable only with full tdvantages (Moran et al., 1994).

There are other sources of deforestation in theilBrazAmazon such as mining,
hydroelectric projects, and timber activity (Morah993). Related to mining
activities, Moran (1993) argued that it did notree® have a major impact on the
total area of forest clearing at the end of theOl@8However, the mining activities
are largely responsible for the exponential riselieéases like malaria, tuberculosis
and leprosy in the Amazon basin (Sherryll, 1999er€ is strong evidence to
suggest that the Amazon deforestation process, lynadinring the 1980’s and
1990’s, occurred in relation to the implantationlafge hydroelectric and mining
projects in the region (Sherryll, 1999). The moomtecoversial examples are the
Tucurui, Balbina and Samuel hydroelectric projebttt flooded respectively 2.430
kmz2, 2.360 km2 and 560 km? of dense forest as agthe Mining project of Carajas
called Great Carajas (Grande Carajés) controllechbyCtompany of Vale do Rio
Doce (CVRD) whose impact on deforestation is estichate100.000 km?2 of direct
and indirect areas of influence (Freitas and Sod!@34, cited by Sherryll, 1999).

In the 1980’s the importance of timber exploitation deforestation became
noticeable (Moran, 1993). In 1984, the Brazilian &amra accounted for 43.6% of
the national roundwood production, compared witly di¥.3% ten years earlier
(Browder, 1988). In 2005, Asner et al. (2005) hastingated that the area logged in
the Amazon forest between 1999 and 2002 ranged #2000 kmz2 year to 20.000
kmz2 year. The logging process results in the danodgdmost twice the volume of
the trees being harvested (Verissimo et al., 199@23h production greatly increased
the susceptibility of the forest to fire (Fearnsid@05). Once fire enters the forest, it
kills trees, increases fuel loads and dries theeustbry; thus increasing the risk of
future fires and the complete degradation of thredb Amazonian forest trees are
not adapted to fire, and the mortality from a fivstn provides the fuel and dryness
needed to make the second and subsequent fires moce damaging. The
temperatures increase and the heights of flaméseirsecond fire are significantly
greater than in the first, kiling many additionmkes (Cochrane, 2003). After
several fires, the area is cleared to the pointrevliteappears as deforestation on
TM/Landsat imagery (Cochrane et al., 1999; Nepstaal.21999). Public policies
have also played an important role in the Amazofordstation. Research has
suggested that one of the main causes of the lidallogegradation in the Amazon is
the absence of adequate public policy (SherrylD9)9 Several studies (Repetto,
1988; Mahar, 1989; Biswanger, 1991; Fearnside, E8801990) provided evidence
that degradation associated with inappropriate lasel were caused by perverse
governmental incentives and misguided policies.
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2.5 Linking remote sensing and social economic
data to understand the proximate causes and
drivers of tropical deforestation

Landscape transformation due land use and land dyvamics and its implications
such as global climate change, changes in biogeuchecycles, deforestation, and
biodiversity loss have become central issues irrenmental sciences (Turner et
al., 1994; Turner et al., 1995; Kaimowitz and Arsgel, 1998; National Research
Council, 1998). As a consequence, nhew ecologicalribe (Wilson, 1998), modern
methods to study spatial dynamics (Costanza efi@93; Turner et al., 1995) and
many applications to natural resources planning amohitoring have been
developed (Goodland et al., 1993). Advances in temgensing technology
undoubtedly rank among the most significant cootidns to the study of
environmental issues in recent decades. The aldityse orbiting platforms to
measure the magnitude, pace and pattern of lanet @nange has been particularly
relevant to the study of tropical regions (Wood &hkadle, 1998).

In the 1990’s, several studies attempted to unaiedsthe dynamics of land cover
change at local and regional-scales by combiningpte sensing data with spatially
referenced biophysical, social and economic infeionaRindfuss and Stern, 1998;
Chowdhury, 2006). Similarly, the LUCC programme andeotefforts to monitor
tropical landscape increasingly used satellite tensensing and land cover change
analysis as powerful tools to monitor the rates paitierns of tropical forest change
(Iverson et al.1989; Hansen et .al2000). Increasingly, researchers recognize the
value of merging research on driving forces wittatedly referenced data and
methods to better understand the explicit spattepns and trajectories of land
cover change (Chowdhury, 2006).

While the availability of extensive and timely ingay from various satellite
sensors can aid in identifying the rates and pattef deforestation, modelling
techniqgues can evaluate the socio-economic andhysigal forces driving
deforestation processes (Chowdhury, 2006). Sincelf#@®’'s satellite data have
been frequently used to monitor deforestation alf as re-growth (Cowell and
Weber, 1981; Nelson, 1983; Woodwell et al., 198a@der et al., 1990; Kummer,
1992; Skole and Tucker, 1993; Moran et al., 199%pé et al., 1999, Duarte et al,
2003; Lorena et al., 2002, INPE, 2004; Fuller, 2006 has been considered by
some authors to be the most reliable source of tqative information about
deforestation, shifting cultivation and other laca/er and land use changes in the
tropics (Sader et al., 1994).

According to Lambin (1997), the main contributiofi ®mote sensing to
deforestation modelling are: (a) the categorizatibthe deforestation processes on
the basis of spatial patterns of clearing, (b)dhatial stratification at a broad scale
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of a study area in terms of the deforestation mees, (c) the identification and/or
measurement of some key socio-economic and ecalogfi@racteristics of land use

systems, (d) the calibration of spatially-explitibdels of land cover change, and (e)
the testing of these models by comparing actual aredlicted land use/cover

patterns.

Allied to remote sensing techniques, models of @esfimtion are useful tool for
understanding the dynamics of deforestation. Rekesirows that a wide variety of
deforestation models exist. Each model displayfeint objectives, theoretical
approaches, and modelling traditions. Lambin (1994 1997), Kaimowitz and
Angelsen (1998), and Geist and Lambin (2002) piteskea general categorization of
deforestation models and a detailed review. A gesiew of LUCC models can be
found in documents of the LUCC program, specifically the LUCC
Implementation Strategy (Lambin et al., 2001).

Deforestation modelling at a global scale has loegn a focus of land use/cover
change research (Lambin et al., 2003). Howeveneatly, researchers are also
concentrating efforts at regional and local scdkesause numerous land use
decisions are made at the household level (Rindiisal., 2003). Regional-level
analyses have documented the spatial extent ofaltédion and attempted to link
deforestation to regional population changes (Skol& Tucker, 1993). Household-
level analyses have focused on micro-scale factorgributing to land cover
change, including soil characteristics, househotthine and demographic structure
(Brondizio et al., 2002; McCracken et al., 2002; Moea al., 2002).

Several excellent household-level studies of sroldlrs land use in the tropical
forest, mainly in the Amazon, have been publisimereecent years (Brondizio et al.,
1994; Pichén, 1996 and 1997; Moran et al., 2003wBey et al., 2004, amongst
others). Although a few researchers have beenwiollp the same population for
many years (Browder et al., 2004), most of the ssmidonducted have been based
on a single date, providing cross-sectional datanfivhich dynamic processes of
land use change are inferred. In general, landresearch has been approached
from three different perspectives: neoclassicaheatics theory — NET (focus on
economy), Chayanov theory (focus on domestic lifeley and political ecology
theory (focus on the processes of environmentatadiagion being linked to social
class, gender differentiated exploitation, governirmlicies to export production,
and transnationalization of agriculture) (Browdealet 2004).

Pichén (1996 and 1997) and Marquette (1998) applieth NET and
demographic perspectives among a sample of NogteraEcuadorians. To assess
the dynamic of land use and land cover at the Hmiddevel, they used a sample of
450 colonist-farming households. They concludeat the farms specializing on
one economic activity tended to have a similartelusf secondary activities. The
authors suggested that the variability in setterdl use strategies could result from
various factors. Among a sample of small rural letveéds in Ronddnia, Vosti et al.,
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(1998) used a NET perspective to identify sevesalsseconomic and biophysical
factors that could influence land use patternsmil&ily, Scatena et al. (1996)
developed a schematic model of the factors thatented crop fallow sequences on
small farms in the Brazilian Amazon. These authahgwing from the NET
perspective, acknowledged that no single varialoleldc determine the probable
fallow length and crop selection.

From a demographic and human ecological perspediirandizio et al. (1994)
have studied during 5 years, three different pajmra of “caboclos® with distinct
patterns of land use in the Amazon estuary. Thieaasitconcluded that there are no
economic evidences between the community with trematgst impact on forest
cover and the communities that have minimal impktdran et al. (2003) used a
demographic approach to understand the role ofatie factor and the general
family structure of households in deforestatiofettories. The results showed that
it would be necessary to further examine the rdldhausehold structures in the
different changes that take place in the envirorimen this case, deforestation is
just one example, but there are surely others.lligjn®lcCracken et al. (1999)
proposed a household evolution model that was cestpof five stages that linked
changes in the household composition to differemegalized land uses. The
authors suggested that while the specific landtiggectory of any given household
may be influenced by exogenous factors over tifme,nhost important determinant
of land use strategy is the amount of availableskbold labour

In general, the linkage of socio-economic data serdote sensing data at the
household level best captures the actual levelesfsibn making (Lesschen et al.,
2005). However, linking remote sensing and socimnemic data at the household
level comes at a certain cost, depending on thaladtanalysis required. Generally,
such data requires georeferencing every plot ofrttegviewed households (Lambin
et al., 2003). It can be a significant source @b for research at the household
level. In a study about methodological and pratfictablems of linking household
and remotely sensed data, Rindfuss et al. (2003)estigd that, at the local level,
researchers should have the flexibility of decidimgat links are needed to be
examined and the flexibility to choose or desiga #ppropriate tools for making
these links. For Rindfuss, the development of matlomies and techniques for
these linkages would be the next step to betteerstand the driving forces of land
use and cover change.

An interesting option for the linkages (socio-ecmo household level data and
remote sensing data) could reside in the possidiionships among different
spatial patterns of deforestation visualized bl images and the specific land
use practices. According to Lambin (1994), Mertemsl Lambin (1997), and
Mertens (1999), any deforestation process coulgestibe forest landscape in a
certain way that would leave a “footprint”, whichoudd be translated and

* Traditional community of the Amazon basin.
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interpreted. Across the tropical belt, a few chteastic spatial deforestation
patterns were recognized in terms of geometrighyatcorridor, diffuse, fish-bone
and island patterns (Husson et al., 1995; Mertarss lsambin, 1997; Geist and
Lambin, 2001) and could be associated with broagoaies of deforestation
process.

Cartographic evidence in the form of maps, aerialvgi, and satellite imagery
has been used to verify these patterns in somheotdse studies, from the meta-
analysis on the causes of tropical deforestationGleyst and Lambin (2001)t
appears that diffuse, patchy and geometric pateEmmgomparatively more frequent
among the cases (11 or 12% of all cases each)adbaior and island patterns
(9%), while fishbone patterns are fewer in numt{@gsé of all cases) and regionally
limited to the Brazilian Amazon (Geist and Lambi®02). The literature contains
some interpretations of these patterns, such asfitiidoone’ shape in Rondonia
(Brazil), which is associated with planned resetdatrschemes (Tucker et,d984;
Woodwell et al.,1987). Or the large geometrically shaped clearicggsed by
ranching activities also founded in the Amazon Ba@italingreau and Tucker,
1990). The corridor pattern, which is associateth wleforestation along the road
network, can be observed in Guatemala (Sader, 1893lly, the small-scattered
patches of forest clearings associated with skifnltivation can be observed in
India (Dwivedi and Sankar, 1991).

However the literature about spatial patterns dbmstation is not limited to
these typologies. Lambin (1986 and 1988) studiedr¢tationship between agrarian
systems practiced by different communities in tbetlswest of Burkina Faso and
spatial configurations of deforestation observedshiellite images. The author
found an interesting relationship among speciffiinit groups and different spatial
configurations of deforestation. Batistella (200&jnpared two different settlement
designs in the Brazilian Amazon. One design wasdasgethe fishbone settlement
and the other settlement design was based on taploigrfeatures with communal
forest reserves. The research showed that theofighldesign presents a higher
deforestation and forest fragmentation as comptrdde other settlement designs.
Batistella concluded that the differences in théhidectural designs of settlements
suggested that the land use and land cover areldfscent. At last, Escada (2004)
analysed land use processes and land cover chiarmggyh an empirical method of
spatial segmentation with the purpose of identgyilifferent land use features. The
author suggested that, with this method, it woudd gossible to recognize the
differences in land use processes, proving thatottmirrence of deforestation is
different in different rural settlements with difémt spatial configurations.
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Chapter 3

Study Area

3.1 Localization and context

The area under study (Figure 3.1), with approxihgade700 km?, is located in the
west of Acre State, 90 km east from Rio Branco, betwgeographical coordinates
S 9 38 and S 1026’ and W 68 41" and W 67 30'. This area is within the biggest
settlement project of the Acre State, the PAD @wmgde Assentamento Dirigido -
Oriented Settlement Project) Pedro Peixoto. Thieseent was officially created
on September 311977 through the federal resolution 176 for theCRA. The
objective of this project was to control the so¢edsions between small and large
producers in the region and also to absorb a gattteounemployed and landless
contingent from Rio Branco and its periphery, resultaf these tensions. Its
implementation began in January 1978, with 4,02bniked properties that varied
in size from 10 to 80 ha on average, and with d@mircapacity of 3,000 families.
The area is limited in the north/northeast by thedbr with the State of Amazonas;
in the east/southeastern by the Abuna river, wiimhstitutes the border between
Brazil and Bolivia; and in the west by the road BR 3Ifie road BR — 364 that
links Rio Branco (AC) to Porto Velho (RD) cuts the wstudy area transversally.
Along this main highway were founded the biggestieign properties of the area,
dedicated mainly to cattle. It was the implemeotatof these properties that
generated conflicts and resulted in the colonirapoojects. The selection of this
area was based on the previous knowledge of therrend on the possibility to
access different spatial patterns of deforestatioa relative small area (compared
with the Amazon region). The previous knowledgé¢hef region allowed me to have
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access to the right persons and institution thatldcdelp in the field survey.
Moreover, such knowledge also allowed me to havelea about the localities and
distances to be visited and covered. The possibitt access different spatial
patterns in a relative small area is also importetiiuse, in general, the areas under
human influence in the deforestation arc are hugpech make it impracticable for
fieldwork without a large team. At last, in relatido the other sites of the
deforestation arc such as Ronddnia State, north [Batsso State and south Para
State, the east Acre State is the less studiedhitdethe presence of several
institutions such as Universities, research cerdas NGOs, and the high rates of
deforestation over the last years.

e Amazonas State

Rondobnia
State

———

PN

2
_’_.f" - 0
70 0 70 140 Kilometers BOlIVIa

S Amazonas State

Rio Branco

Placido de Castro

0 10 20 Kilometers BOllVIa
| — e ———]

Figure 3.1 Localization of the Study Area

The distribution of land and the management of |gpubsession in the
colonization projects were done by the federal agdar colonization and agrarian
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reform INCRA (Instituto Nacional de Colonizacao e RefarAgraria), based on the
Brazilian Agrarian Reform. In general terms, the @grareform was done through
redistribution of large private holdings ratherrihaublic lands. The legal procedure
for this redistribution has been, in the case ofgte holdings, the expropriation and
indemnity (compensation) of the landowners, as ifipdcby Brazil's land Statute
(Law 4330 of November 30 1964). The family contemplated with a plot ofdan
called “lot”, first received a “green card” givirigem the right of use and usufruct of
the land but it was nonnegotiable for ten yeargseiAthis, if the family was still
there, they received the land title and the rigtgade or disposal. However, one of
the most important criticisms of the Agrarian Refdnas been in relation to land
abandonment and sale for profit before the stipdldime was up. However in the
complexity of the Amazon region, the abandonmentth@ premature sale has
occurred as a consequence of a number of thingdraitional, small-scale
agriculture, which is the focus of this researemd abandonment happened mainly
because of the absence of conditions to keep ptiodudigh, such as the extreme
isolation, distance to market, the absence of pranation and poor road condition,
furthered by the decrease in soil fertility aft@ptor three years.

In the beginning of the PAD Pedro Peixoto, the pafian colonized was
composed of 70% people from Acre State and 30%ewmple from other States in
the country, mostly from Parana State (Cruz and Radeds, 1983). Currently, the
Pedro Peixoto settlement project is composed ofaikety of independent sub-
settlement projects, each one with a specific apatnfiguration, property size,
basic theoretical proposal of a specific econongtivity and different actors.
However it can be observed through field survey tha “deforested” landscape is
dominated mainly by pastures, followed by subsistecrops (rice, beans, cassava
and corn) and by some commercial crops such asesadiémon, or pupunha (palm
fruit). In the past few years, the region has saetpnstant increase in livestock
breeding, regardless of property size and purpésbeosubsettlement project. In
function of the increase of cattle activities amthgequent increase in pasture areas,
the pressures over the primary forest have intiedsénd, as a consequence, many
properties do not present any area of primary fores

In accordance with the “Brazilian Forestry Code’t gettlement properties in
the Amazon are obliged to keep an area of primargst, constituting the “legal
reserve”. The area of the legal reserve dependhefarea and purpose of the
settlement project and can vary from 80 % of thapprty in the settlements projects
with property size between 15 to 25 ha, destinedhéo activities of non timber
product forest exploration to 0 % in settlementstided to the small productions
and livestock with properties around 10 ha or lé&swvever, as observed in other
Amazon colonization and settlement projects, thimgny forest located in the PAD
Pedro Peixoto since its creation is being graduallpstituted by cattle and
agriculture (Witcover et al., 1994). This fact efls a land use tradition where the
forest is seen as an obstacle for the developnmhita usage limited as an initial
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source of income to start the first activities e tproperty (Oliveira et al., 1996).
This practice tends, in time, to reach areas ofimhtreserve, as observed in
colonization projects in the States of Acre and Roial In 1984, the deforestation
area in the PAD Pedro Peixoto represented 21% eotdtal area and, in 1999, it
represented 55%. This deforestation already adgaocer the legal reserve of the
properties, resulting in the loss of a large voluafenatural resources. This is a
consequence of the absence of an efficient impléation of public policy
promoting rational use (Sant'Anna and Oliveira, @0@liveira and Sant’Anna,
2003).

3.2 Socio-economic aspects

The occupation of the Acre State can be divided twb main waves of migration.
The first (1920 — 1960 approximately) was carried imainly by people from the
northeast of the country with the objective to warkhe latex extraction. This first
wave of migration was considered as low impactttiedow population density and
the interdiction by landowners to work with othetigities such as agriculture or
cattle ranching. The second migratory wave startete early 1970's and involved
mainly people from the south and southeast of thentty who were attracted first
by incentives for ranching activities and then bg settlement projects that offered
free land for the people. The migrants of this selcwave had been installed mainly
in the extreme west of the State, in the PAD Peixtite older and larger settlement
project in the Acre State. With an initial capacfiyr 3,000 families in 1987
(according to Duarte, 1987), the number of familiastalled reached 4,000.
However, the main characteristic of the inhabitaritthe INCRA Acre settlements
is their mobility. Between 1995 and 2001, 1.171 fawiwere installed in this
settlement, demonstrating the high degree of leamtsference due mobility.

This second migratory wave was considered as la imigact process, due the
adoption of inadequate production systems given theal agro-ecologic
characteristics (Weinhold, 1999) and also to thve iechnological level of land use
characterized by slash-and-burn and adoption @nskte cattle ranching (Walket
al., 2000; Walkeret d., 2002; Caldas et al., 2003; Lira et al., 2006he Tmain
consequences of this second wave of migration Hasen the high rate of
deforestation and progressive loss of soil feytiiiicre, 2002b; Araujo et al., 2004).
It explains the trends to pasture abandonment la@dytowth of abandoned areas,
observed in several Amazon regions (Diez et al97)9Unfortunately, nowadays
the land use in these settlements is still depanaieislash-and-burn of the primary
and secondary forests, followed by the plantatioanmual subsistence crops during
2 or 3 years, followed by the implantation of pastu It can also be observed that
forest clearing is often followed directly by pastsi (Fujisaka and White, 1998;
Rocha, 2000).



CHAPTER 3 STUDY AREA 31

3.3 Physical aspects

3.3.1 Geology

The eastern portion of the Acre State, where théysarea is located, is constituted
of rocks from the Pre-Cambrian and is part of thagaué Craton. It is composed of
a polymetamophic basement represented in the araghebXingu complex. The
lithology is formed essentially of granites, gnessmigmatites, granulites, quartzite
and schist (RADAMBRASIL, 1976). The area is almost totally cosdrby a
Cenozoic sequence typically from the fluvial/contited environment and
characterized by the brusque variation of horizdiey are “pelitico-psamiticos”,
plio-Pleistocene sediments, related in this repmthe Solimbes formation and are
found over the parts of the Acre and High Amazosirtsaand limited in the surface
by the High Structural of Iquitos. Old and curratfitivial sediments complete the
geological picture.

3.3.2 Climate

According to RADAMBRASIL (1976) the predominant clireatf the study area is
generically classified as AM — tropically rainy aeding to the Kdppen criterion.
The annual average temperatures are between 2226in@, with annual average
amplitude of about 2° C. The annual precipitatiooeeds 2000 mm, concentrated in
the rainy season between November and May on awelayl the relative air
humidity is around 85 — 90% (IBGE, 1989).

3.3.3 Geomorphology

To describe the geomorphology of an area it is itgmb to include a description of
its lithology, soil and vegetation, because allsthéactors are related. In the study
area two main geomorphic units are distinguishaldecording to the
RADAMBRASIL project (1976): the alluvial plains andrtaces and the low
Amazonian plateaus (Table 3.1).

3.3.3.1 Plains area and Alluvial Terraces

This geomorphic unit corresponds to the quaterrsmgiments, and consists of
alluvial sediments ranging from sand to silt andyclThese sediments are found
along the Abuna and Iquiri rivers. The sequencefices indicates a succession of
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erosion and deposition cycles that occurred duttiigygeological period. There are
three terrace levels: high, intermediate and lowDRMBRASIL, 1976).

The plains and low terraces are characterized bgdgie flooding that increases
the water level by up to 500 m upstream into thalktributaries. The floodplain of
the two larger rivers (Iquiri and Abun&) reachden? of average width. During the
floods, the erosive power of the rivers is subshaind it is common to find a great
amount of trees being carried by the rivers. Theodiion process of recent
sediments associated with organic material has mfageoil highly fertile in this
specific area. Alluvial soil is predominant in tkesnits. As one moves away from
the river margin in direction of the interfluviatems, associations of alluvial with
hydro orphic gley soil occur. Open forest is thedaminant vegetation of these
areas. The humidity conditions favors the occureont palms trees, mainly the
Paxilba [riartea Exorhisa Mart) and Acai Euterpe spp. For this reason this type
of vegetation is known as “floresta aberta com palas” (open forest with palms)
(RADAMBRASIL, 1976).

Litolo Geomorpholo Soil Forest
9y P 9y Formation
Sands, silt, clay. Alluvial plain and low | Alluvial soil and | Open forest with
Sediments not terraces with meandefsssociation of | palm.

invertebrate fossils.
Siltstone massive or
fine layered. Fine and
rough claystone in
lenses or
interfingerings, with
siltstone and friable
and compactlay

dense drainage
network, presenting
plain and conserved
forms from
Pleistocene.

Alluvial consolidated, recent | and lakes. alluvial and gley | Open forest with
plain and| deposits. High and intermediatg soil. palm and open
terraces terraces that hold Hydromorphic | forest with
closed meanders gley soil and “cipd” — (liana).
(frequent in small association of
stretches of the Abun@hydromorphic
and lquiri rivers). gley and red-
yellow podzolic.
Solimdes formation: | Hills with Red-yellow Open forest with
massive mudstone orl approximately 30 or | podzolic. cipo (liana) and
mixed with carbonatig¢ 40 m of relative Red-yellow bamboo with
and gipsiferous altimetry, high density| Latosol with sub-domain of
concretions, of rills and gullies. association of | dense forest.
Low concentration of Tabular interfluves, | red-yellow Predominance of
plateaus | vertebrate and deeply incised and latosol / red dense forest alsp

yellow podzolic.

occurring types
of open forest.

Source: Luchiari
(1996)

Table 3.1 Characteristics of the main Geomorphalddits present in the region
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The intermediate and high terraces were createthenPleistocene (Shubart,
1983). These terraces present old meanders, grdser the new meanders,
evidencing different past environmental conditiansrelation with the current
situation (RADAMBRASIL, 1976). The hydromorphic glegilspredominates in the
area in function of the moisture conditions projmorate to rainfall. In the high
terraces, 10 m above the average level of thesjtbe red-yellow podzolic soil is
predominant. The moisture conditions in these uia®r the predominance of the
Open Forest with Palms and to a lesser degree ples Gorest of “Cipd (liana)”.
This kind of forest is characterized by the preseottan upper layer composed of
isolated trees and a sub-forest composed by a degisity of small and medium
sized trees and a large number of “lianas” andfiagi

3.3.3.2 Low Plateaus

The low plateaus are on top of the “Solimdes Foionat that was formed during
the last phase of the Andean orogenesis in the i®@¢RADAMBRASIL, 1976).
This formation is constituted of an alternationnsfssive mudstones or layers of
gypsum. It also contains sandstone and siltstongogited within a fluvial
environment. These sediments show an alternatiovenf friable and compacted
sections. In this unit there are two types of iit@es: hills and tabulates.

The hills are the remainders of more active eropioeesses responsible for the
degradation of the original relief. They contaihigh density drainage network with
little vertical incision. The predominant soil is d&R¥ellow Podzolic that presents a
B-textural horizon with an accumulation of silicatiey. The leaching of alkaline
and ferrous alkaline elements resulted in an irsg@eacidification. On the other
hand, the occurrence of thick sediments createtphysical conditions for the
soil, for example good internal drainage. The lidmast (cipd) is frequent on the
hillsides. The amount of organic material generalsd this forest results in
eutrophication of the surface soil horizon (BraZiB84). The dense forest is
characterized by a coverof emergent trees, amowngsth the “castanheira”
(Berthollettia Excelspthat predominates in the highest altitudes. Tupedor layer
of this vegetal association is formed by trees 3@ih) with closed canopy that
decreases the luminosity of the inferior layerse Tdub-forest is composed of
seedlings from the superior layer. In accordandh 8hubart (1983), this type of
vegetal formation reveals a stage of maturity thaharacterized by the absence of
the regeneration of sub-forest and by the occuerasfcindividuals of the same
height of the superior layer.

The tabular interfluves correspond to the plairfases that are on clay layers in
function of the erosive action corresponding to thdest terrace level. In these
interfluves are located the majority of the firstler rivers existing in the study area.
The height difference between the interfluves drdlluvial plains is of the order
of 100 meters. The red-yellow latosols are predamiiin this geomorphic unit. The
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leaching of the bases provided the formation ofldéih@ssolico B-horizon equivalent
to the oxic horizon of the American classificatiB®ADAMBRASIL, 1976). In this
horizon, the laterites are concentrated and acegrdo Penteado (1983), are
responsible for the plain form of this relief. Giaer(1985) found the biggest
occurrence of the laterites in some places ofates with depths around 30cm from
the surface.

3.4 Agricultural characteristics

In the study area shifting agriculture is practidedthe production of basic food.
This land use consists in slash-and-burn practeekin the planting of crops for
three years on average. The area effectively plameagricultural exploitations,

varies from 1 to 4 ha and the developed activities adjusted to the local climatic
conditions (Table 3.2). The cutting down of the $oitest, and the felling of big

trees is done in the period between June and thdybeginning of the dry season.
The vegetal residues are left to dry between Augnst September, and burnt in
September, the drier month.

The planting of rice and corn is done at the tirh¢he first rains in September
and the harvest is in December. The local inhatstéwave the habit of planting
through a mixed cultivation system, cultivating tsomore crops in the same area,
while the colonists of other regions practice marnree. In the development of
these crops, three weeding are conducted on avefagesver, a fourth can happen
in response to the fast growth of invading planishsas the “assa peixeVérmonia
polyante$ and “grama nativa” Raspalum amazonicum TjinThe weeding is
executed with a big knife (facdo) because the gtalemands greater effort for the
farmer when executed with the hoe, given the higbunt of clay.

Table 3.2 Calendar of the main annual cultures efribgion

JA|FE|MR|AP|MY [JU|JL|AG |ST|OT|NO|DC
Cleanness i 3
Falling of trees g
Burn a i
Rice i| a
Planting Corn a 3 a
Bean i a
Cassava a 3 a a
Rice i| a
Harvest Corn a 4 a
Bean
Source:
Luchiari Cassava i al
(1996)
i i i i i i
a: period of activity i: period of ertse activity
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Beans are planted soon after the corn and rice $igtvbeing cultivated in
monocropping for all colonists, in March and Agriiny season). The harvest takes
place between June and August. After the first yafaharvest, the cassava is
cultivated or the cycle starts again (rice-cornAseand then cassava). Cassava is
well adapted to the region because it does not ddnraensive field preparation
and controls the proliferation of invading planBassava is widely spread because
the resultant flour of its processing is a goodrseuof income. Usually the
cultivated area is abandoned or transformed instupa after soil exhaustion. When
the area is abandoned, the secondary vegetatiomaep@nd is represented (in
general) by species of th@ecropiagenus. The pasture is frequently formed by a
native grass. Livestock breeding is more intergstfor colonists because it
guarantees the investments without risk of losgelation to the crops. In the
production system (Table 3.3) proposed by Pinh&@eand Carpentier (1998), the
producers use different arrangements of sequenceops, which vary in function
of the financial conditions and aptitude of thedaroer.

Table 3.3 Effective production systems in theesattht project “Pedro Peixoto”

System 1 System 2 System 3 System 4 System 5

corn/ rice corn/ corn/rice corn/bean corn/rice
bean pasture bean coffee bean
corn/ cassava bean banana
pasture cassava pasture
cassava
pasture

Source: Pinho de S& and Carpentier, (1998)

In general it is observed that, in the systems d anthe rice and corn are
cultivated in the same area, first the corn in Seyer and then the rice in
December. Beans are planted in April and after thisarea is destined to pasture or
perennial cultures, mainly banana, being then gubsdl with pasture. System 2 is
commonly used for capitalized producers. Aftertslasd burn, they plant corn with
grass. It clearly demonstrates the aim on pasturadtion and in some cases, corn
is completely ignored. In the third system, comrgarded by producers owning less
capital, the annual crops are planted until thal tathaustion of the soil and then the
pasture is implanted after the harvest of the caltf cassava. In the system 4 the
producer plants beans between the coffee treemfopr two years.
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Chapter 4

Methodology

This chapter describes the stages and procedusss tosanalyze the linkages

between spatial patterns of deforestation, landacs@ities and deforestation. For

each procedure described, the respective materthdata are also presented. The
clear understanding of the determinants of land alsnge requires the use of
interdisciplinary research techniques that comhjo@ntitative spatial data with

qualitative socio-economic data. A combination o&lgses using these different
data sources was used to identify the main featofesach spatial pattern of

deforestation. The methodology was divided in fstages (Figure 4.1) described
below.

Thefirst stage aimed at the identification and delimitation o tépatial patterns
of deforestation by the analyze of a multi-tempaat of satellite image, using
primarily typologies of spatial patterns of defded®n, complemented by a method
of visual image interpretation. This stage alstovedéd the estimation of the
deforestation during the period 1990-2004, foreghére study area, for each spatial
pattern of deforestation and also for each houseisited.

The second stagevas the field survey, where the main objective teasollect
the necessary data for the identification of theiss@conomic characteristics of four
spatial deforestation pattern selected in the $itatje. This activity was lead through
household interviews, guided by a pre-defined dqoeshire. This stage also
supported the automatic land cover classificatisingi satellite images, through the
GPS points acquired in the field and used as neferen the classification process.



38 CHAPTER 4 METHODOLOGY

Images TM/Landsat
001/67 from 1990 to 2004

First stage
Classification of
Forest / No forest
1990 - 2004
Third stage
¥
Set of maps Classification of
forest/no forest Second stage Land use and cover
1990 — 2004 (1990, 1997, 1999,
(vear by year) Field Survey 2004)
- GPS survey l
- v Identifica_tion of - Questionnaire Land use and
Visual image —> spatial H Survey Land cover maps
interpretation patterns of (1990, 1997, 1999, 2004)
deforestation
h 4

- Fourth Stage — Cluster analyses
- Fifth Stage — Analyse of Variance

'

General characterization of spatial patterns of
deforestation

Figure 4.1 Fluxogram of activities

In the third stage, Landsat images from 1990, 1997, 1999 and 2004 were
classified into thematic land use maps and charmgtaeen different land use
classes were computed. The objective was to anéiygzéemporal evolution of the
land use and land cover for each spatial pattesnwell as for each household
visited.

Thefourth stage was the identification of homogeneous groups imgeof land
use and land cover using a clustering statisticslysis. First, the analysis
considered only the socio-economic data acquiraterfield survey. Secondly, the
analysis considered only the data on land use and tover from the satellite
images.
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In thefifth stage, an analysis of variance ANOVA was carried out @desng
the same data used in the cluster analyzes as aofvagalyzing the differences
within and between groups.

4.1 First stage - Identification of spatial
patterns of deforestation

The identification of the spatial patterns of def&iation was based on satellite
image interpretation. For this, twelve satelliteages corresponding to the scene
001/67 of the systems Landsat 5 TM and LandsatM-E{thannels 1 (0,45-0,52um),
2 (0,52-0.60pm), 3 (0,63-0,69 um), 4 (0,76 — 0,90),u5 (1,55-1,75 pm) and 7
(2,08-2.35um)) were selected for a period betwé®® 1o 2004 (1990, 1991, 1994,
1995, 1996, 1997, 1998, 1999, 2001, 2002, 20034 @@nsidering the dry season
between May and September, due to the low preseindeuds in the image. These
images were corrected in relation to geometricodigtns using an interactive
standard method of georreferencing.

In general, the criterion for spatial segmentatismg satellite images depends
on the scale and objective of the study. The nresfuent are: administrative limits
(Alves et al., 1998; Théry, 1998; Reis, 2001), ragaklls (Skole and Tucker, 1993;
Fearnside, 1986; Laurence and Fearniside, 2002fypmeégions (Reis and Gusman,
1994) or irregular polygons (Kaimowits et al., 2D02 our case, the identification
and delimitation of spatial patterns of deforestatiusing satellite images was
primarily based on the typologies of spatial paiteof deforestation visualized in
forest/no forest classified images (Figure 4.1)gstn et al., 1995). However, due to
the variety of spatial patterns present in the ,aseaomplementary methodology
based on visual image interpretation (Veneziar4)Qvas applied to identify some
spatial patterns that not could be interpretechieyather method.

According to Lambin (1994) and Mertens and Lamtifi9{), the typologies of
spatial patterns of deforestation visualized iroee$t/non forest classified images
can be relate to specific deforestation processsbtu et al. (1995) proposed the
following typology: geometric, island, corridor fidise, fishbone and patchy (Figure
4.2). The geometric pattern is in general, relamdxtensive cattle ranching or
extensive crops. The island pattern can be rel@mtgubri-urban areas. The corridor
pattern corresponds to areas of spontaneous cataniz The spatial pattern diffuse
is related to subsistence crops. The fishbonempateaelated to planned settlements
and the patchy pattern is related to a small-soateipation in forest areas. These
interpretations of the typologies can vary depegdif the region, but in general
follow the description above
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| W3

Geometric Corridor Fishbone

Diffuse Patchy Island
I Forest [ ] No Fores

Figure 4.2 Typologies of the forest/non forest spatatterns

The first step was to create a forest/non foreassification. The procedure
applied is based on the methodology of image psiicgf the Brazilian Program
of Deforestation Monitoring (PRODES) using satelliteages, as developed by the
National Institute for Space Research (INPE) of Bré2uarte et al., 2003). This
methodology applies techniques of image processimch as spectral mixture
model, segmentation, and classification by objecbdtter separate the regions of
forest and non forest. The process applied is amhilit not the same. The original
method uses an unsupervised classification algorithfunction of the extension of
the Amazon region and consequently the amount afén to classify. In ours case,
the reduced extension of the area in relation ® Almazon basin allowed the
application of a supervised classification, oncgample of areas of forest and non
forest were well know. First, the spectral mixtunedel was applied using the 6
Landsat bands with the objective to extract theecdraction of bare soil, vegetation
and shade. Then, given the contrast between tlestéat and deforested area on the
fraction image “shade”, this band was isolatednsaged and then classified using
an algorithm of supervised classification by objé¢leat considers the regions
produced by the previous segmentation process. Basélde 12 images the spatial
patterns from the above typology were identified

Unfortunately, the typology does not include alpag of spatial patterns of
deforestation presents in the study area. To congpie the interpretation and to
identify all spatial patterns, a second method a@slied. This method called “logical
or systematic method” (Veneziani, 1984) is basedhenvisual image interpretation
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that analyzes the landscape in function of itsiapaharacteristics such as structure,
texture and shape. The concept of this method sntdyze the image without a
preconceived typology, but following the logical gsence of homogeneous
structures and textures present in the image. Eantinuous sequence of a given
structure is analyzed based on its order and cotitypléThe order of the structure
can be understood as the spatial organization efsthucture. It is divided in:
ordered (the structure possesses organized liaespkanned settlement), disordered
(the structure possesses disorganized lines, aseanof spontaneous colonization)
andpreferential (the structure expands in only to dimns). The complexity of the
structure also concerns its directions. It can baded in: unidirectional, bi-
directional and multidirectional (Figure 4.3)

Unidirectional

Multidirectional ordered

- W

Figure 4.3 Examples of the interpretation made tigto the systematic or logical method

4.1.1 Auxiliary data

The auxiliary data (agrarian map and the historthefsettlement) used in this stage
played an important role in the determination aelihgitation of the spatial patterns
of deforestation. As the process of colonizatiosuned at different periods and
with different actors, the area under study preseaveral different spatial patterns
of deforestation. However, as will be better expai in the next section (field
survey), due to the limited resources for the fislttvey, analyzing all spatial
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patterns found was not possible. We limited thdyaigto just a few of the spatial

patterns. First we searched for spatial pattertis different ages, probably related
to different periods of the colonization procesheil, we searched for settlement
projects with particular designs that could be riegéing for the analysis - for

example, settlement projects with a forest presemvegoal as for the “reserves

extrativistas” (extractive reserves dedicated dnlyhe exploitation of non timber

forest products)

Another difficulty was related to the definition dfie limits of the spatial
patterns. The limit between patterns is not alwalggious and some criterion or
criteria need to be used for a good delimitatidme possible solutions include using
the administrative limits (municipal, region, settlent), natural limits (rivers, relief,
vegetation) and physical limits such as roads. &or research, the agrarian
(cadastral) map was available for the study arégu(e 4.3), which made possible
to determine not only the limits of the spatialtpats, but also the limits of each
property visited. An agrarian (or cadastral) maprapthe capacity to observe the
land cover change at a household level, even thdugtovides an “ideal” view of
land ownership. Moran et al. (2003) and McCrackenle{1999) addressed some
problems related to the property grid accuracyelation to the disposition and
shape of the properties in the Brazilian Amazon.okding to these authors, the
main problem relates to the overlay of the propgrtg on the satellite images with
sufficient accuracy to examine changes in land cateboth the landscape and
property levels. The property grid does not considpographic features, rivers and
other natural features. In addition, the precisarid@ries between properties can
change depending on negotiations between neigliblonsan et al., 2003).

To minimize these problems, for each householdedsin the field survey, some
GPS points were taken in strategic places in tbpgaty, such as the lateral borders,
plantations, pastures and dwelling units. Furtheenahere were no great
topographic variations or other natural features ttould influence the disposition
or size of the properties. In this work, we facetther problem related to the
property grid. A small part of the property gricdbfesponding to spatial pattern C)
did not exist. The only option was to reconstrutipe@ically this part. For this, the
measures of the properties are not enough andfggddnowledge is also required.
First, it is necessary to know exactly the areapstand disposition of the properties
in relation to some reference such as a road ar.rivhe size is not the most
important factor. However, the shape needs torfegaar polygon (e.g., a square or
rectangle) and the disposition of the propertyeilation to some reference needs to
be known. With this information and the supportG®S points, it was possible to
construct the missing part. To evaluate the pregisf this part of the map, a second
field survey would be necessary
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Figure 4.4 PAD Pedro Peixoto’s Property grid

4.2 Second stage - Field survey

The field survey took place during three monthsMeen June and August 2005.
Data acquisition considered multiple sources, lgpthntitative and qualitative. Two
main activities were conduced: a household sunzsgth on interviews guided by a
predefined questionnaire; and a landscape survegdban GPS points to sample
land cover classes and localize each interviewadsdtmld. Other activities were
carried out at this stage with the objective tdsagke interpretation of the primary
data. The parallel activities were data mining éarsh for old household surveys
based on questionnaires made by professionals GRIN (National Institute for
Agrarian Reform), digital maps of the settlementad aliscussions with key
informants, in general former employees of INCRA wmew the history and the
dynamics of the settlements.
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4.2.1 Household survey

A common solution to link social, natural, and &atlata has been to use census
data gathered at the household level, aggregate ttee some administrative
boundary, and link them to remotely sensed and @#a for the same
administrative unit. However, while much can beea from such linkages at the
administrative level, numerous land use decisiorsn@ade at the household level,
and aggregating up to administrative units can nsakae household or community
decisions invisible (Rindfuss, 2003). The Brazilimmsus data are only available at
the municipal level and for our research, housel®ldl information was required.
For this reason, a survey at a property level sdaimébe the most useful for this
study.

The household survey was made through interviewls thie inhabitants of each
spatial pattern, conducted in accordance with a-dpfned socio-economic
questionnaire (Annex A). The composition of the gjiomnaire followed the
research premises: to access the main socio-depiograand economic
characteristic of households for each spatial patfEhe questionnaire structure was
based on an already implemented socio-economistigneaire elaborated by the
Center for International Forestry Research (CIFOR)\&uform for 1998 study on
economic crisis, farming systems and forest cotange in the humid forest zone
of Cameroon). The distribution of the interviews koimto account the spatial
distribution of the households in relation to tipatial patterns identified in the first
stage (Figure, 4.4).

Given that linking “people-to-pixels” is a relatiyanew scientific activity, there
is limited experience about the necessary budgear(€ial and time), the skills
needed and the adequate sample size to addresss#dach questions (Rindfuss, et
al. 2005). Based on our experience, we planned teratileast 40 interviews per
spatial pattern. However, a good field survey ndemscial support, trained people
and time. Financial support is needed to rent awgdr guide, trained people to
guarantee the quality of the data, and time to naageod interview with the correct
person (head or responsible for the property). Bttihese items, a field survey in
the Amazon forest becomes a big challenge. Thedmld survey was carried out
by one person (the author) during two months, withfinancial support. The car
and driver were provided by INCRA for 20 days (15 }+irb exchange for some
technical work. Conducted by one person with limitiete, to reach the goal of 40
interviews per spatial pattern with the right perseas not possible. Absent any
alternative, many of the respondents were somedmeliwed on the property, not
necessarily being the head or property. This maddifiicult to evaluate the
precision of some of the answers
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Figure 4.4 Localization of the households visitedhe field survey

The questionnaire was structured in seven parts:

a) General data (identification, localization and characterizatiarf the
household)

The first part of the questionnaire aimed to lazalkeach household interviewed
in terms of geographical coordinates and spatitiepa It also aimed to access the
general characteristics of the households in tefrrigin, date of occupation, age
and gender of the household head, level of edutdtnd tenure. This information
allowed linking the households visited with the amhation derived from the
satellite images and also to access importantrimition that can aid to understand
the dynamic of each spatial pattern.

b) Labor force and equipments

The second part of the questionnaire asked forlaher force and equipment
available in the household. This kind of informatits useful to understand the
degree of development of each households interdefteme strategies such as off-
farm activities or the labor contracted off-farne éirequent in the region and suggest
the difficulties related to sustaining a family ibnly the income generated from
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agriculture. The presence or not of equipment sagla tractor or chainsaw can
indicate or explain the well-being of each housdhol

c) Crops (surface, production and sale)

The third part of the questionnaire concerns agitioel and is composed by
questions such as crop types, area of these campugtions, production/year and
proportion sold. This information allowed identifigi the nature of the crops planted
in the property (commercial or subsistence) andrttportance of this activity.

d) Cattle (number of animals, meat or milk and pasture area)

The following part of the questionnaire was relatedcattle. This part was
composed of questions such as the number of anirfialdity (meat or milk),
pasture area, type of grass and rotation timeet#itle in the pasture. The data on
number of animals and pasture area can give anafltee relative importance of
this activity in the property, in relation to otheconomic activities practiced. The
type of grass and rotation can give an idea abdmutevel of knowledge about this
activity.

e) Non Timber Forest Products(NTFP) (extraction of latex and harvest of
“castanha do Pard” (Brazilian chestnut) and “agaélrf fruit)).

The extraction and production of Non Timber Forestducts (NTFP) in the
region is traditional and practiced since the beigia of the Amazon colonization.
In the beginning, the extraction of latex (rubbempught much wealth to the State
and to the country as well. Today the economicvagtiin the area is varied
including other productions amongst which “castadbdara” (Brazilian chestnuts)
and acai (palm fruits). However, it is currentlynsaered as a secondary activity in
the household and depends on the presence or hetesfrelated to these products.
This part of the questionnaire was composed of tqpresrelated to the amount of
products extracted (in the case of latex, kg) ovésted (in the case of chestnuts or
palm fruits, kg).

f) Cooperatives and/or associations

The presence or absence of cooperatives or prodagsmciations in some
regions can give insights on the relation betwemupants and the development of
some activities. In the study area, the presenceaperatives indicates a significant
production of milk, as this kind of institution Brazil is mostly related to the milk
production. The presence of producer associatimtisates a significant presence of
some specific crops. The participation of the hbokis interviewed in the
cooperatives indicates that they are serious perguwith an income generated
mainly by milk production. The participation of theousehold in a producer
association indicates that the household is desticatore to cultivation than to
cattle. This choice, cooperatives or associatioas, influence directly the rate of
deforestation in some areas.
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g) Infrastructure of the area

The information concerning the infrastructure af 8tudy area is very important
to understand the development of this region. Factmuch as road conditions,
distance to markets, water and electricity avdilgbipresence and distance to
schools and health services, presence of techaitdl economic assistance can
explain or give insights on the level of developtn&irsome regions.

4.2.2 Landscape survey

The landscape survey consisted in field observatith acquisition of GPS points.

The GPS survey had two objectives: ground contmhtp for image geometric

correction and identification of the thematic ckssused in the classification
process. To correct the image geometry, groundraopobints are related to targets
that can be recognized in the image and in the figk road crossings, crossings
between roads and rivers, river junctions being ragebthe most common. Figure
4.4 shows examples of ground control point usedhferimage correction.

Figure 4.4 GPS Ground control points for image eation

For the classification process, the targets arecttegories that will form the
land use and land cover map such as: primary fgpastures, secondary forest and
water. For the classification process, it is comntmiteke two sets of samples, one
for the classification and another to evaluate &lceuracy of the classification.
Figure 4.5 shows examples of points for the clasgibn process.
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Figure 4.5 GPS points for the image classificagiwacesses. A) Forest, B) Culture, C) Pasture, D)
Regeneration and E) Water

4.3 Third Stage - Automatic classification of
land use and land cover

The automatic classification of satellite imagesisists in the identification of
different targets (vegetation, sand, water...) inghtellite image that present similar
spectral patterns and then relating these targedstermined classes. In general the
algorithms of image classification are divided iondtion of the presence
(supervised) or not (unsupervised) of a traininggst where the analyst gives
samples to orient the classification. This procems also be applied based on the
isolated information of each pixel (by pixel) ornsidering its neighborhood (by
“object”).

In an unsupervised classification the analyst du#sneed to give any training
samples and the algorithm decide how many clagsesrtage will be divided into
(Crosta, 1992; Erthal and Bins, 1996). The supendsaskification requires training
samples supplied by the analyst and some previoosvledge of the area. The
statistical classification of images based on thad\esis of isolated pixels is the most
applied and conventional procedure for image diassion. However, this approach
presents the limitation of labeling pixels basedyoon its isolated spectral
properties, without considering the neighborhoddrimation (Richards, 1993). On
the other hand, the contextual classification gecthoriented classification uses the
information of each pixel adding the informationitsf neighborhood. Based on the
samples acquired in the field survey, the clas#ifim process was conduced using
the supervised classification algorithm by regionplemented in the SPRING
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software (Bhattacharya algorithm), preceded by amsegation process where the
spatial contexts used in the classification weteagked.

4.3.1 Segmentation process

Segmentation is a process that subdivides the inma@e constituent objects, also
called regions (Gonzales and Wints, 1987). Thisgse can be accomplished in two
ways: a) based on a regional growth process thiadedi the images into a number
of homogeneous regions, each having a unique lanel,b) based on the edge
detection process that determines boundaries betiWwemogeneous regions with
different properties (Bins et al, 1993). This stukplored a segmentation process
by region growing which has demonstrated its texdinieasibility for images of
forest and agricultural regions and has been intelysused in the segmentation of
Amazon region images to assess land use changess(ahd Skole, 1996).

The region growing technique is an iterative precesere each region is
defined starting from individual pixels, and grogiaccording to the determined
thresholds. The algorithm runs iteratively untikeey pixel is processed. In general
this process can be described by the followingsstép Segment the entire image
into standard cells (1 or more pixels); 2) Eacindéad cell is compared with its
neighboring cells to determine if they are sim{larrelation to it's digital numbers),
using a similarity measure, if they are similar,rgeethe cells to form a fragment
and update the property used in the compariso@oBlYinue growing the fragment
looking at its neighbors until no joinable regiomsnain, label the fragment as a
completed region; 4) Move to the next uncomplet@l and repeat these steps until
all cells are labeled.

4.3.2 Classification process

After the segmentation process, the satellite irmagere classified. In the SPRING
software the only algorithm for classification byegion available is the
Bhattacharya. This algorithm permits to associath eagion with one class using a
distance criterion based on the Jeffries-Matusitdadce. The choice of training
areas was made from the previous knowledge ofidhe (field survey). After this,
each sample of was analyzed using the option fapkaanalysis available in the
classification module of the SPRING software. Thengias with low spatial
separability were excluded and another sample wedected in that case. This
interactive process was repeated until a set witly good spatial separability
samples was obtained, considering that each class represented by a large
number of samples
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4.3.3 Evaluation of the classification process

The quality of the classified images can be evallighrough a qualitative analysis,
directly on the computer screen (visual evaluatemmj also by quantitative analysis
using an accuracy index (e.g. Kappa index or Glaloaliracy) calculated from the
error matrix that expresses the concordance bettveenlassified image and some
reference data (Lorena, 2001). For the quantitatixauation of the classifications,
some statistical procedures as the Kappa index ipaamverify the similarity
between the classification and reference data. Rappa index is often
recommended (Medeiros, 1987; Cong and Howarth, 13%80)an appropriate
accuracy measure between classification resultsepyesent the error matrix
integrally by a single index. It is a concordanceasurdhat defines the dependence
degree between two classifications (one referendeoae classification) present in
the same error matrix (Nascimento, 1988) or a ifleaon and a set of samples
acquired in the field. The Kappa coefficient randgetween 0 (very bad) and 1
(excellent), where 1 indicates the complete agre¢rmed when multiplied by 100
give the accuracy of the classification. In accamgawith Landis and Koch (1977),
the evaluation from the coefficient Kappa can l&ized based on Table 4.1. In this
work, the reference data used to evaluate the dexjraccuracy of the maps created
from the automatic classification were the GPS damacquired in the field.

Table 4.1 Kappa Coefficient classes

KAPPA Concordance
<0 Very bad
0-0.2 Bad
0.2-04 Moderate
0.4-0.6 Good
0.6-0.8 Very Good
08-1 Excellent

4.4 Fourth Stage - Clusters Analysis

A number of empirical analysis techniques like dacnalyses, canonical analyses,
cluster analyses and regressions have been propmsedglore land use and land
cover data. The diversity in data structures, meseguestions and specific study
cases demands a careful analysis of the requirenuérthe method necessary for
each specific case study (Lesschen et al. 200%helfiourth stage, households with
similar land use and land cover characteristicsewgmouped based on cluster
analysis. This kind of analysis groups observatioased on the similarity between
them. The groups are determined in a way to obitainogeneity inside the group
and heterogeneity between them (Doni, 2004). Thectilde was to investigate the
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relations between groups with similar land use socio-economic characteristics
and spatial deforestation patterns.

In general terms, the cluster analysis consistglustering observations by
computing the similarity between any pair of obs#ions through a distance
coefficient (Sokal, 1977). This distance coeffitidretween two samples can be
expressed as a function of the distance betweenrg¢p@sentative points of this
sample in a n-dimensional space. There are somigod®to calculate the distance
between two points, the most usual being the Eiaglidistance (x):

n

X = Z(daj —dy; )2

i1

For LUCC (Land Use and Cover Change) research, twoadsthre usually
used to group similar land use types or farmindesys: hierarchical cluster analysis
and K-means cluster analysis (Lesschen et al. 260%)eans is the most applied
method (Pichdn, 1996; Lambin, 2003; Browder, 200#)e K-means clustering
algorithm attempts to identify relatively homogensogroups of cases based on
selected characteristics, using an algorithm thatlandle large numbers of cases.
In this procedure, the variables must be quantgaéind homogeneous in terms of
scale. Distances between observations in the feapace are computed using a
simple Euclidian distance (Lesschen et al. 2006 K-means is a non hierarchic
cluster algorithm, which has been developed to grlements in K groups, where
K is the number of groups defined a priori (Da2d04). It is often necessary to
apply the method a few times for different valuéskp choosing the results that
allow for the best interpretation of the groupstlue best graphical representation
(Bussab, 1990). The main idea of this method ishoose an initial number of
partitions of the elements and then to modify sessly this number to get the
best partition (Anderberg, 1973). In general tertihg,K-means cluster analysis uses
the steps of a standard algorithm described irityere 4.9.

In : The number of group&,, and the data-base withelements;
Out: A set of K groups.
1. To choose an arbitrary numbero€&lements in the data-base as the
initial center of the groups ;
2. Repeat;
3. (Re)attribute each element to a more similaugrio accordance with
the mean value of the elements of this group;
4. To renew the means of the groups calculatiegriban value of the
elements for each group;
5. Until that does not make changes in the elemsetiseen groups.
(Source: Doni, 2004)

Figure 4.9 K-means cluster algorithm
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4.4.1 Clusters Analysis — procedure

The analysis by clusters was performed using thendéns algorithm and
considering two different types of data: the sa@d@nomic data from the household
survey and the land use and land cover data fraellisaimages. The aim of this
analysis was to investigate the set of househalgsviewed in search for subgroups
that could be related specifically to some of thatisl patterns of deforestation. For
the analysis using data from the household sunayedtionnaire), first all
questionnaires had been standardized and orgainizbd same Excel sheet to make
quantitative analysis possible. Then, the dataeelanly to land use and economic
activity were isolated and analyzed. The sampling was the household and the
variables analyzed were: average area subsisteope (ha), average production of
subsistence crops (kg), average area of commeradpl(ha), average production of
commercial crop (kg), area of pasture (ha), averageber of animals (livestock),
and average production of NTFP (kg). All househal@se analyzed together and
the clusters most representative were isolated ted localization of their
households in relation to the spatial patterns eleerved. If the cluster was formed
by households associated with a specific spatiiepa then the socio-economic
attributes of this cluster could be attributedHhis spatial pattern.

For the analysis using land use and land cover fata satellite images, the
general approach was the same. In this case tl@bles analyzed were: area of
forest (ha), area of secondary forest (ha), areerafs (ha), and area of pastures
(ha). However the spatial data from the satelltages needed to be related to the
households which posed some technical challengesady described in this
chapter, section 4.1. The main question was hadmkaospatial information from the
satellite images with each property visited in fledd. Fortunately, for the study
area, the property grid was available in digitairfat. After being imported to the
database and overlaid on the land use and land data from the satellite images,
this information could be attributed to each howadeinterviewed

4.5 Fifth Stage - Analysis of variance (ANOVA)

To verify the differences observed in the previgestion, an analysis of variance
ANOVA was applied. This analysis was conduced aswg to verify whether there
are significant differences within and between ispaiatterns. In relation to the
variables analyzed before. The analysis of varidAMOVA) is a statistical test for
heterogeneity of means between three or more grbapsd on the analysis of
variances. This method was developed by Fisher 51@8tially to work with
agricultural data, and has been applied to a veay af other fields for data analysis
(Bower, 2000).
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In general terms the method calculates the vagiametween groups (mean
square between groups-MSB) and within groups (megrare within groups-
MSW). If the variance between groups is greaten tthee variance within groups,
then the null hypothesis can be rejected. In thsecthe null hypothesis will be the
equality between population means and, the altembipothesis is that at least one
mean is different. To apply the ANOVA test, somenditions must be met. The
population distribution must be normal or approxiehanormal, the samples must
be independent and the variance of the populatiarstnibe equal. However,
according to Box et al. (2005), whether the sizethef samples is balanced (or
almost balanced), the difference between the btggesthe minor variances can be
up to 9 times and thus the results of ANOVA will éssentially trustworthy. The
basis of ANOVA is the partitioning of sums of sgemiinto between-class (SSB)
and within-class (SSW). It enables all classes eaocbmpared with each other
simultaneously, rather than individually (Shutl2f02). The one way analysis is
calculated in three steps: first the sum of squéoesill sample (SST), second, the
sum of squares between classes (SSB) and thenutheossquares within class
(SSW) cases. For each stage, the degrees of fre@lfpare also determined. The
degree of freedom is the number of independentepiet information that go into
the estimate of a parameter (Shutler, 2002). Withvariances between and within
groups calculated it is possible to evaluate tHehypothesis using Fisher statistics
or simplyF statistic. IfF >>1, then differences between class means existtl¢s,
2002). All of these ANOVA information in generakgpresented in a summary table
(Table 4.2) (Shutler, 2002)

Table 4.2 ANOVA summary table

Sum of Degree of Mean of -
F-statistic
Squares freedom Squares
Between SS(B) k-1 SS(B)/k-1 MSS(B)/MSS(W)
Within SS(W) N-k SS(W)/N-k
Total SS(W)+SS(B) N-1

These results can also be analyzed through atwtattisignificance test or P-
value, where the P-value is the probability thatasiable would assume a value
greater than or equal to the value observed stitistichance. If the P-value is small
(e.g. P<0.01 or P<1%) then the null hypotheses {ifeeips are equal) can be
rejected.

The data used in this analysis were the same akimgbe cluster analysis. The
sampling unit was also the household and the adadnalyzed were, firstly, from
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the questionnaire: average area subsistence chog)s éverage production of
subsistence crops (kg), average area of commerpl(ha), average production of
commercial crop (kg), area of pasture (ha), averageber of animals (livestock),
and average production of NTFP (kg); and, secorfdiyn satellite images: area of
forest (ha), area of secondary forest (ha), areaanfs (ha) and area of pastures (ha).
The analysis was performed for each variable séggrg7 variables from
household survey and 7 variables from satellitegies, considering four groups
(four spatial patterns). The test is performed euatiically for between groups as
well for within groups.

To verify the statistical significance of the ANOW&sults, a Bonferroni test
was applied. The Bonferroni test or Bonferroni cdicec is a mathematical
correction originally utilized to reduce falselygsificant results in a statistical
analysis. This test consists in multiplying fhealue by the number of tests carried
out. The corrected value is then compared agdaiestetvel of 0.05 to decide if it is
significant. If the corrected value is still ledsah 0.05, only then is the null
hypothesis rejected.



Chapter 5

Results and Discussion

This chapter presents the results obtained thraughethodology structured to
analyze spatial patterns of deforestation. Forghigy, changes in land use and land
cover from an area of the Brazilian Amazon wereyae in relation to the spatial
patterns of deforestation observed by satellitegigsa Quantitative and qualitative
analyses were applied using socio-economic data frousehold surveys, and land
use and land cover data from satellite images, tiehobjective to find specific
characteristics related to the different spatidtgra present in the study area. The
methodology was divided into five stages and thmilte are presented below for
each stage. Section 5.1 presents the results ofirfiestage, where the spatial
pattern of deforestation were determined and dadiinand their deforestation rates
were calculated. Section 5.2 presents the restitteecsecond stage dedicated to the
field survey. A general analysis based on the sec@momic data is presented in
this section. In section 5.3 are presented thdtsesfithe land use and land cover
classification based on satellite images. This sifi@ation process allowed to
guantify the area of two land covers (primary aadosdary forests) and, two land
use classes (crops and pastures), and to calth&athanges between these classes.
Section 5.4 presents an analysis based on theotbaséics of the groups formed by
clustering analysis. This stage aimed at findinghbgeneous groups related to the
spatial pattern analyzed. The last section 5.5qmis the results of an analysis of
variance ANOVA, applied to the same data usedercthster analysis.
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5.1 First Stage - Identification of spatial
pattern of deforestation

The identification of spatial pattern of deforegtatpresent in the study area, was
based on the typologies of deforestation visualized forest/non forest
classifications derived from satellite images. Tesults of this approach were
complemented by a second analysis based on a uisagé interpretation (Fiori and
Soares, 1976, Veneziani, 1984). Auxiliary data wesed to decide which spatial
pattern to analyze and to determine the exact barfdeach spatial pattern analyzed.
Figure 5.1 shows the main spatial patterns fountthénstudy area, considering the
two spatial segmentation methods.

Spatial pattern A — fishbone. This configuration consists in a maiad with
transversal roads that cut the first in regulanfmilike the “fishbone” typology. In
the Brazilian Amazon, this kind of spatial pattesngenerally related to small and
medium farms in a colonization planning area. lis trea, this spatial pattern is
composed by properties around 80 to 100 ha, dedicatinly to cattle ranching.

Spatial pattern B — In this case, as there is no correspondent agyaior this
spatial pattern, it was identified and classifisthg the visual interpretation method.
In function of the level of organization and diieas of expansion, it was classified
as “multidirectional ordered” and consists in a @guwith lines that start in the
border of the square and converge to the same ijpdiné center of this square. This
spatial pattern is composed by properties arountb8M0 ha, dedicated mainly to
cattle ranching.

Spatial pattern C — as the spatial pattern B, the spatial pattern &tdoot have

a corresponding typology in the main method, thuwas interpreted using the
complementary method. According to this methods thpatial pattern can be
classified as “bi-directional preferential”, duesttirection of its roads. In this case,
this spatial pattern can also be classified as allsseale fishbone. This spatial
pattern is related to a specific colonization pehjecomposed of small farms
between 4 and 10 ha, allocated to small producuivities and small amounts of
livestock.

Spatial pattern D — diffuse.This spatial pattern consists in small open pdimts
the forest, with a random appearance. Howeverhénarea, this kind of spatial
pattern is related to a planned colonization basethe old roads (tracks) used by
the previous rubber extractors. The propertiesh $patial pattern are dedicated
mainly to the family agriculture and extraction NTFP (Non Timber Forest
Products).
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10 0 10 20 Kilometers

Figure 5.1 Spatial pattern of deforestation presentthe study area

Spatial Pattern E — geometric. It consists in large geometric formarmally
squares or rectangles, related in the Amazon Badarge farms of extensive cattle
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ranching or plantations. The properties relatethi® spatial pattern often have 500
ha of area.

Spatial pattern F — corridor. This spatial pattern consists in agkgrine in the
forest, frequently related to spontaneous coloitnatin the study area, there are
some roads opened, to link roads that already éxilte area. This is enough to
begin spontaneous colonization in the Amazon B&adie. properties of this spatial
pattern can vary in area, but are normally dedéttidamiliar production.

Spatial pattern G — This spatial pattern, like the spatial pattéBrend C, do not
have correspondence in the main method. In this,chge to the organization of the
lines and multitude of directions, this spatial tpat is also classified as
“multidirectional ordered”. The structure of thigadial pattern is a triangle and the
roads that form the triangles converge to the ceimea way to create minors
triangles inside one of the other. Is not a spatétern frequently observed in the
Brazilian Amazon.

5.1.1 Auxiliary data

The identification of spatial pattern of deforewtat based on the typologies
identified in forest/non forest interfaces of daeimages, and complemented by a
method of visual image interpretation, have denratedtl their efficiency in
identifying spatial pattern of deforestation inedlite images. However, after this
stage of identification, two questions had to bdradgsed: which patterns would be
analyzed and which criterion to use to delimit ttfeosen patterns ? The first
question is relevant because many different patbad been found and to study
each one, would require too much time and resour@eme spatial pattern like
“Geometric” and “Patchy”, were not included in tranalysis because they
specifically include large farms of extensive @tdnching (geometric) or periurban
areas (patchy). Second, the history of colonizatias analyzed with the objective
to find some details that could be used as a meferto choose the spatial pattern for
the analysis.

The second question is also important becauserttiedf the spatial pattern is
not always clear, and its determination requiremesoeference. In this case, the
agrarian map of the settlement projects was aueildlhis auxiliary data was used
only to help choose which spatial pattern to aralya addition, all spatial patterns
identified were part of the same government settl@nproject. This presupposes
similar historical and land uses. However, the ysial of the settlement history
revealed that some spatial pattern present in tindy sarea had been elaborated
following a specific purpose. Aimed to compare @ifint spatial pattern with
different sizes and purposes, four different spai@ttern of deforestation were
selected and delimited for the analysis and arsgoted as follows:
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a) Spatial pattern A - Ramais do Peixoto — 1977 éihbone)

The settlement project “Pedro Peixoto” was impldrite 1977 with the opening
of the first four roads, perpendicular to the maiad (BR 364) following a standard
conception of forest settlement: small and mediumperties distributed along
parallel roads, perpendiculars to a main road. "Remais do Peixoto” (Roads of
Peixoto — Figure 5.2) as it is known is the firgatal pattern determined, formed
mainly by 4 roads nominated (from west to east)at@ada, Bigode, Oco do Mundo
and Nabor Junior” perpendicular to the BR 364. dtea of this spatial pattern is
around 718 km? and is basically composed by prigzewith 80ha of area on
average, where the occupant has the right to defapeto 50% of the primary forest
present in the property, according to the Brazifaest code.

0  10Km
A) Pattern Limits | B) Settlement Plant

Figure 5.2 Spatial pattern A - Ramais do Peixoto

b) Spatial pattern B - Redencédo — 1982 (Multidirectinal ordered)

In 1982, the National Institute for Colonization aAdrarian Reform tried to
implement a concept of settlement based on theeliskibbutz, aiming at
stimulating social contacts between inhabitantghef area. In this spatial pattern
with area around 174 kmz, the properties with asaaretween 80 to 100 ha, are
disposed in a radial pattern, inside a square asitbmmon area in the center, where
(in the original idea) a school, a market, heafid aocial centers were planned. In
accordance with the Brazilian forest code, the oantg also have the right to
deforest 50% of the area (Figure 5.3).



60 CHAPTER 5 RESULTS AND DISCUSSION

A) Pattern Limits 3"  B) Settlement Plant

Figure 5.3 Spatial pattern B - Reden¢éo

c) Spatial pattern C — Campinas — 1991 (bi-directioal preferential or small
scale fishbone)

The settlement project called “Campinas” (Figure) Sdpresents a smaller
spatial pattern, representing just 0.2 % (10.61) kvhzhe whole study area . This
spatial configuration is similar to the fishbondtpen, however with property sizes
up to 10 ha, compared to the traditional fishborith vBOha on average. This
settlement was conceived to receive a large numibimilies in a relatively small
area. The property sizes varied between 4 andal@vhich allow working only
with small crop production and small scale livektholders. In accordance with the
Brazilian Forestry Code, properties up to 10 ha hheepermission to exploit the
entire primary forest present in the lot.
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A) Pattern Limits I — B) Settlement Plant

Figure 5.4 Spatial patter C - Campinas

d) Spatial pattern D — Caqueta — 1997 (diffuse)

One of the current concepts of colonization pragjeict the Amazon tries to
integrate families and forest as a way to dimitfsghimpact on the forest caused by
the presence of colonists. In the Caqueta projdti, an area around 46.62 kmz?, the
property sizes vary from 15 to 25 ha. The spatiatribution of its properties,
visualized by satellite images, seemed to be randoch without organization.
However, this spatial pattern was conceived to eesphe old $eringal roads.
These roads in fact, are much more similar to ektia the forest than a road. In the
old “seringais” (area occupied by native “Seringa®t — Hevea Brasiliensgsthe
tradition was to link every “Seringueria” (tree t#tex) by a track, forming a
network where the responsible for the extractiosspd in the morning (around 4 or
5 am) wounding the trees and returned in the aftern(around 3 and 4 pm) to
collect the latex. In this spatial pattern, thepaies were disposed in relation to
these old tracks, and the inhabitants were stiradl& adopt old land uses which
were less aggressive towards the forest, such ldseruextraction. In this spatial
pattern, the occupants had the right to deforelst 209 of the entire area (Figure
5.5).
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A) Pattern Limits 0E|:|2'6 K B) Settlement Plant

Figure 5.5 Spatial pattern D - Caquetal

5.1.2 Deforestation analysis

Besides the identification of spatial patterns dfodestation, the forest/non forest
classification also allowed quantification of defstation rates for the study area
between 1990 — 2004, for each spatial pattern dbrestation, and for each
household interviewed in the field survey. The gtwdea suffered from rapid
deforestation during the study period. Up to 199@ly 16% of the primary forest
present in the area had been deforested. In 1889alue increased to 45% and, by
2004, attained 62 % of the entire study area (Eigu8). These results are consistent
with the study by Sant’Anna et al. (2001) using ssme methodology. They
calculated 16% for 1984 and 50% for 1998. This sstgythat the deforested area
had changed very little between 1984 and 1990 hatkapid changes took place
from the 1990s onwards. It is probablated to the pavement of the BR 364 that
links Rio Branco (AC) to Porto Velho (RD), which ocedrin the early 1990s
(Scouvart, 2006). Before its pavement this area eeasidered very isolated and
distant from markets. After the renovation on ttoad, the economic interests in
this land grew fast and many people, amongst whoralls medium, and large
farmers, decided to settle in this region.
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Figure 5.6 Relative increase of deforested areadextease forest area in relation to the totatface
of the study area.

Figure 5.7, presents the area deforested by yeamifor the entire study area
between 1990 and 2004 (less 1992, 1993 and 20GHn Ibe observed that there are
low values between 1990 and 1994, followed by #peof increases from 1995 to
1997, 1999 and 2002. The low values observed betwi¥90/1994 are also
observed in the dynamics of deforestation for tlseeAState and the Legal Amazon
in general. This period, as explained before (sac?.3.2), is related to a few years
of economic contraction (Fearnside, 1993, Esca@®4) with rural producers
without means to invest in forest clearing. It allemotes the influence of the RIO-
1992 conference where the reduction of the Amaid=forestation was discussed.
The increase of the deforestation mainly in 1998 2002 also corresponds to the
sequence of deforestation in the Acre State an@ll&mazon. The increase from
1995 is related with the availability of capital floew investments due to the rapid
recovery of the economy. The increase in 2002asably related with investments
in infrastructure (mainly in terms of road qualitiyough the Avanca Brasil project.
However, the increase observed in 1999 does noesmond to the pattern of
deforestation in the Acre State and the Legal Ama#tds probably associated with
a flow of migrants that arrived in the same periwith similar land uses and rates of
deforestation (Escada, 2004). Brondizio et al. (2@G0%1 MacCraken et al. (1999
and 2002) also attribute this increase in defotiestan specific areas and periods to
local political and economic factors
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Figure 5.7 Deforested area by year between 19902804 (a-area deforested between 1991 and 1994;
b-area deforested between 1999 and 2001)

Moreover, beyond the federal investments through'#tvanca Brasil” program,
the Acre State government called “Governo da Ftafgdorests’ government) had
stimulated a forest occupation in an organized imahe period between 2000 and
2004, through actions like the creation of the titngo de Terras do Acre” (Acre
Land Institute) in March 2001, or the INCRA (Natioraktitute for Colonization
and Agrarian Reform). These two institutions areetbgr responsible for the
execution and promotion of the regularization, oatice and utilization of public
lands. In this same period, investments in term®adl infrastructure and electricity
distribution are also notable. The BR 364 road thets| Rio Branco (Capital of
Acre State) to the rest of the country in the east to the isolated west of the State,
and the BR 317 that links Rio Branco and Porto Acrthéonorth and Rio Branco
and Assis Brasil to the south, had been paved paved to facilitate the traffic in
the region. Despite the notable advance in ternigffic, these investments in road
infrastructure had certainly contributed to theade$tation once isolated areas had
been reached and previously cleared areas had reeetivated thanks to their
greater accessibility.

The investments in the distribution of electricd@so played a role in the
deforestation during this period. The State Goveminmad assigned a contract with
the Federal Government for the energy distributmmnural families. From 2000 to
2004, around 720 km of transmission lines wereaitedt and more than 1300 km
were expected by 2008. This investment improvedgtiedity of life in rural areas.
Television, radio, DVD, electric hot water, electivater pump and other goods
were not accessible until a few years agbis should contribute to decrease
deforestation once it stabilizes families in theaarHowever, the absence of other
factors such as technical assistance, fertile swkket and financial assistance end
up contributing to deforestation. Actuallly, witmfiastructure (e.g., roadand
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electricity) but without credit and knowledge, fars clear 1 or 2 ha of primary
forest per year in search for soil temporasilytablefor farming.

5.1.2.1 Deforestation in spatial pattern A (Ramaigio Peixoto)

The spatial pattern A, “Ramais do Peixoto” (RoadPeikoto), with 718 km? is the
larger spatial pattern analyzed in this study, esenting 20% of the entire area.
Despite having been launched late in the 1970'49®0 only 12 % of its area was
deforested. However, in 1997, the deforested dready represented 33 % of the
entire area of spatial pattern A and 59 % in 2@B#ure 5.8). As observed in the
deforestation of the entire study area, it was afigr 1990 that significant changes
in this area have occurred.

Spatial Pattern A
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90 91 94 95 96 97 98 99 01 02 03 04
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- - ¢ - -forest (prop) —=— no forest (prop)

Figure 5.8 Relative increase of deforested area@dextease of forest area in relation to the totafface
of the spatial pattern A.

Furthermore, the deforestation of this spatialgratevolves through time similarly
to the deforestation of the entire study areardsents low values between 1990 and
1994, followed by an increase between 1995 and, 12899, and 2002 (Figure 5.9).
This evolution suggests that deforestation in $ipigtial pattern is influenced by the
same causes that drive deforestation in the erditgly area, such as the
improvement of road infrastructure (BR 367), the iempéntation of electric
networks and the investments in migration projects.
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Figure 5.9 Deforestation rate of Spatial Pattern A

5.1.2.2 Deforestation in spatial pattern B (Redeng®

The second spatial pattern analyzed in terms afrdsfation rates was the spatial
pattern B (redenc¢éo), which occupies an area oftaboi55 km2 or 4.7% of the

entire study area. Similar to the spatial patternh& spatial pattern B started in the
early 1980’s. However, in 1990 the deforested atezady represented 20% of the
entire area of spatial pattern B, 52 % in 1997, &t in 2004 (Figure 5.10). This

difference in the dynamic of deforestation may ékated to the difference in area
between spatial patterns A and B. However, considettiat the properties have a
similar size and that both spatial patterns haeetest in the same period, other
factors can also be influencing this situation. érding to Lira et al. (2006), 72% of

spatial pattern B occupants are from the south efcthuntry, being cattle ranchers
in their majority. As cattle ranching are practiéechn extensive way in this region
(one animaper hectare in average), it can explain the fact tinat997, the area of

no forest was already larger than the forest area.



CHAPTER 5 RESULTS AND DISCUSSION 67

Spatial Pattern B
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Figure 5.10 Relative increase of deforested ared @ecrease of forest area in relation to the total
surface of the spatial pattern B

The deforestation in this spatial pattern, likesfratial pattern A, has a trajectory
that resembles the deforestation of the entireysarda, with low values between
1990 and 1994 followed by a growth between 1995 a9@7, 1999, and 2002
(Figure 5.11). Despite presenting a smaller arem thpatial pattern A, spatial
pattern B is composed of properties with similaesizompared to the properties of
the spatial pattern A. It is also located along Bie 364. This suggests that the
deforestation of this spatial pattern is influendmed the same causes as spatial
pattern A and the entire study area, as well.

Spatial Pattern B
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Figure 5.11 Deforestation rate of Spatial Pattern B
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5.1.2.3 Deforestation in spatial pattern C (Camping)

The third and smaller spatial pattern analyzedis $tudy, was defined as a “small
fishbone” pattern, occupying an area of about 1869 or only 0.2% of the entire
area. In this spatial pattern, formed by properéiesuind 4 to 10 ha, the occupants
have the right to cut all the primary forest prasienthe property. As this spatial
pattern was set up in 1991, it was not deforesteti9®0. However, in 1997, the
deforested area represented 40% of the entireddirspatial pattern C and 76% in
2004 (Figure 5.12).

Spatial pattern C
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Figure 5.12 Relative increase of deforested ared @ecrease of forest area in relation to the total
surface of the spatial pattern C

Figure 5.13, shows that deforestation in this spagiattern shows a constant
increase from 1991 to 1997, followed by a decréasE998 and increase in 1999.
This was also observed in the deforestation of i@pgiatterns A and B.
Deforestation between 1991 — 1997 is probably edlathe period of initial
colonization, with the constant need for land faps and pastures. The decrease in
1998 and increase in 1999 already observed inapmtiterns A and B is probably
related to exogenous factors, such as politiceconomic factors. However, there is
a strong decrease followed by a stabilization ia deforestation rate from 2000
onwards, compared to the high value presented éyother spatial patterns. It is
probably related to the singular characteristicshi$ spatial pattern, such as, the
reduced surface area and the possibility to expheitwhole primary forest present
on the property. Ifunction of this, some properties of this spatiattprn do not
hold any remaining area of primary forest. In addit certain properties of spatial
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pattern C had been transformed into a summer propeeekend property) without
any primary vegetation

Spatial Pattern C
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Figure 5.13 Deforestation rate of Spatial Pattern C

5.1.2.4 Deforestation in the spatial pattern D (Cageta)

The fourth spatial pattern of deforestation analyirethis work was the “Caqueta”.
Its spatial pattern occupies an area of about 47dtrth.2 % of the entire study area.
It was conceived to follow the old rubber tracksldo simulate the old land use
practices, such as the extraction of latex. Théa gresents a different dynamic of
deforestation compared to the other spatial pattddespite having started only in
1997, the area was already occupied before this. diat1990, around 3 % of the
entire area of spatial pattern D was not forestl9a7, this area represented 22 %
and in 2004 the deforested area already coveraemhdr80 % of the entire area. This
demonstrates the intense process of deforestaffiecting this spatial pattern after
the implementation of the settlement project in7ZL@Rigure 5.14).
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Spatial pattern D
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Figure 5.14 Relative increase of deforested ared @ecrease of forest area in relation to the total
surface of the spatial pattern D

The deforestation of this spatial pattern presehitse distinct presents, with
different characteristics (Figure 5.15). First,nfrd990 to 1995, before the creation
of the settlement, the deforestation is probablgted to the occupation of the first
farms along the road. These farms had been add#wt@aqueta project when it
was created. Its corresponds to the analyses mgdaiMes (2001) about the
deforestation in the Legal Amazon for the perio81:9996, that showed a trend of
deforestation occurring along main roads and imgéo areas. In the second period,
between 1996 and 1997, deforestation almost stop@d can be considered as a
transition period between the old concept of laivikibn and the new colonization
project, presenting low values of deforestatione Third period of deforestation
started in 1997 with the first clearings relatedite new colonization project. It can
be speculated that, during this period, this spai@tern indicates the “effect of
migrants” on deforestation described by Brondizi@lef{2002) and MacCraken et
al. (1999 and 2002). This effect is associated thithmigrant groups that arrived in
the same period and found different conditions cameg to the other groups
established before (Escada, 2004). In general, afdke colonists arrived together,
with similar land use strategies and causing hges of deforestation, typical of the
beginning of farm establishment (MacCraken, 2002Ikéfeet al, 1997). From this
time, the deforestation in this spatial patternles® in a way similar to spatial
patterns A and B as well as to the entire study, gnesenting increases in 1999 and
2002 and a decrease from 2003. It suggests thatsfidtial pattern, conceived to
preserve the forest more than the other spatidbnast ended up like the other
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spatial patterns - probably given the absence ofditions to support this new
concept of colonization.

Spatial Pattern D

8

8.96

kmz2
O B N W A OO N 0O ©

91 92 93 94 (a) 95 96 97 98 99 00 01(b) 02 03 04

years

Figure 5.15 Deforestation rate of Spatial Pattern D

5.1.2.4 Summary of the Deforestation Analysis

The analysis of deforestation based on satellitegas provided interesting
information about the spatial patterns of defotgmta The analysis of the
deforestation rat@er year for each spatial pattern revealed that thgelspatial
patterns A and B, with similar sizes and both coregosef medium properties,
evolvedin time in the same way. By contrast, spatial pate® and D, composed of
small properties, are characterized by different defatesi behaviours, related
mainly to the availability of space in the spatigttern C and the history of the
spatial pattern D. In addition, while the spatiaktprn A lost 53 % of its primary
forest area, spatial pattern B lost 64 % (Figur&)b.The difference in area between
spatial patterns can partially explain the aboviedinces. However, the intense
process of land concentration observed in spatitepn B could also be another
important influenceOn the other hand, while spatial pattern C lost 76&f4ts
primary forest, spatial pattern D lost 79 %. Inaten to spatial patterns A and B,
the property size and area are certainly imporgaplanatory factorsn addition,
the possibility to deforest the entire propertyhin spatial pattern C also contributes
to this situation. However, spatial pattern D whishyounger than the other ones
was conceived to promote forest conservation wihnission to cut only 20 % of
the primary forest present on the property. Newdets, it lost more primary forest
in the same period than the other spatial patt@mhis. is an important fact because
this spatial pattern was conceived to preservddtest. In addition, spatial pattern
D is served by dirt roads and is located 40 km ftbemmain road, while the other
spatial patterns are located along the main rohd i§ important evidence against
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the hypothesis that roads determine rates of d&ftien in a simple and exclusive
way.
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Figure 5.16 Proportion of forest lost in relation the area of the spatial pattern

5.2 Second Stage - Field Survey

The field survey took place between Jund' Hid August 04 2005, the main
objective being to collect socio-economic data het household level trough a
questionnaire. Other activities were carried outrduthe field survey, such as GPS
survey, data mining in the INCRA historical archiaad informal conversations
with key informants. Supported by INCRA in terms oérisport (vehicle) and
driver, the interviews with the inhabitants of tkeudy area occurred in two
missions, one of about 15 days, complemented byhanmf about 5 days. The
division of the field survey in two missions wasidied given the availability of the
car and drivers in the institution. Considering batfssions, 119 questionnaires
were completed and distributed according to the follayvspatial pattern: spatial
pattern A = 39 (around 4 % of the families occupythis spatial pattern); spatial
pattern B = 31 (around 6 % of the families); spatittern C = 26 (around 15 % of
the families) and spatial pattern D = 24 (aroundd 6f the families).
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5.2.1 General household characteristics

With the information derived from the questionnaireade in the household surveys
and the data on deforestation derived from saeltiages, it was possible to draw a
general profile ofland use activities for the entire study area, all as for each
spatial pattern analyzed (Table 5.Taking into account the whole study area and
all households interviewed it was observed that,general, households are
composed on average of four people with a male leadnd 45 years old with a
low level of education (two years of school maximuin relation to the origin of
the family, 40% of the interviewed households cdmen different regions of the
Acre State and the other 60 % from other 16 BrarisatesThe Acre State was
colonized in the 1970s mainly by people from themeast and south of the country
and, today, the territory is apparently occupied dgscendants of these first
inhabitants. Around 48 % of those interviewed aivn the region after 2000, 36%
in the 1990s and only 17% in the 1980kis demonstrates that, while some spatial
pattern as A (Ramais do Peixoto) and B (Redencadgdtar the 1980s, many of
the original occupants already left they propertisaggesting difficultiesin
stabilizing themselves in the region. There isrdarise process of land transference.
It is confirmed by the item “first occupant” in thguestionnaire, where 77 % of
interviewed answered “no”.

This also demonstrates the problem of land tenurthé region. In the study
area, 80 % of those interviewed declared to bedamnérs with some document to
prove it. However, “some document” does not gua@arand ownership in the
Amazon. In the INCRA-sponsored Amazon settlementgrethare only two
categories of land ownership rightouseholds with only the use rights (card) and
households with property rights (title). In genetak households with only the use
rights are colonists who recently arrived, with tight to exploit but not to sell the
property. The households with the property righitsia general colonists that have
been establishefbr a long time, with the right to exploit and stk property. The
use right system is expected to stabilize coloristthe land until they receive the
title, ten years after establishment. However ilbiserved that 50% of the declared
proprietors have only the rights of use and arribetiveen 1995 and 2005. This
suggests the presence of an intense process oftdamsference, stimulated by a
black market for land, where many of the colonigith only the use rights sell their
property against the law, often at a low price. sThmnfluences directly the
deforestation in the region because, as a tradigach family who arrives in a
property cuts around 1 or 2 ha of primary foreghimfirst years, just for subsistence
crops.
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Table 5.1 General characteristics of the householtsviewed

Variables PAD - Peixoto Variables PAD - Peixoto
Family Origin: (per region) % Date of occupation %
North a7 80 -84 8.5
Northeast 11 85-189 7.5
Southeast 19 90 - 94 11
South 19 95-99 25
Center west 4 00 - 05 48
First occupant: % Gender (head) %
Yeas 23 Male 85
No 77 Female 15
Age (head) % Education (head) %
20-29 9 Primary 87
30-39 21 Secondary 10
40 - 49 32 Over 2
50 -59 20
60 and over 17 Number of lots %
1-2 90
Documents: % 3-8 8
Card (use rights only) 50 8 and over 2
Title (property rights) 33
Other (not official) 4 Number of wage %
Without 13 1-3 74
4-6 16.5
Number of people living % 7 and over 9.5
1-4 59
5-9 38 Equipments % (yes)
10 and over 3 Manual tools 98
Chainsaw 40
Number off farm used % Tractor 6
0 32 Inputs 6
1-2 61
3 and over 18 All season roads %
Yeas 20
Cooperative 5% No 80
Association 47%
Coop. + Assoc. 3%
Not participant 45%

In relation to the process of “land concentrationlirrently observed in the
Amazon colonization settlements, 77% of those uiésved have only one lot,
generally characterized by the presence of subsisterops, pastures (both active
and abandoned pastures), and primary and secofatasts. This does not mean
that there is no process of land concentratiohénstudy area. There are some areas,
mainly in spatial pattern B (Redenc¢&o), where thepg@my disposition forms a



CHAPTER 5 RESULTS AND DISCUSSION 75

square (16 lots) and some squares could not haam decessed because they were
totally surroundedThis suggests a massive land concentration irsgfatial pattern.

Related to the labor force and available equipmenthe household, it is
observed that, in average, between 1 and 3 pepanfsousehold have an external
income (74%), 43 % of the farms contract on averhgé-farm worker to help in
the property. In terms of equipment, the majoafythe settlers work only with
manual tools (hoe, cutlass, axe). Even though 4D#tecinterviewees have declared
to possess a chainsaw, only 6 % have access @xt@artrand only 6% use inputs
(fertilizers). Its gives an idea about the levelagfriculture practiced in the area.
About the community associations, while 47% of loeiseholds make part of an
association, only 5 % are associated to a cooperdts demonstrate that the cattle
ranching practiced in the area is much more forf hkan for milk. Actually,
cooperatives are linked only and directly with tinék production. Associations
give possibility to have access to equipment, siscbhainsaws, tractors or resources
such as financing. In relation to the roads, 80%hef interviewees consider the
roads impracticable during one season. It's dematest how much the circulation
in this region is precarious. Finally, concerniagd use (Table 5.2), the households
are characterized on average by 3 ha of planteal with a production of around
1,000 kg/season (subsistence and commercial crops)properties have around 50
heads of cattle on 26 ha of pasture and extraectnar® kg of non timber forest
product (NTFP). This number suggests an environndorhinated by cattle
activities, given the small cultivated area and ltlgh number of animals and large
pasture area. However, this observation is basedean values for the entire study
area. This is very general and could hide som@aitr variability and specific land
use attributes associated with some of the spptdtierns of deforestation. To
uncover this, an analysis considering each sepapatal pattern of deforestation
was required.

Table 5.2 Characteristic of the land use activities

Variables PAD Peixoto
Average Std

Subs. Crops (average area - ha) 3 4
Subs. Crops (average production - kg) 572.5 1436
Production per hectare 190 kg
Comm. Crops (average area - ha) 0.8 1.8
Comm. Crops (average production - kg) 562 2023
Production per hectare 702 kg
Average number of animals 53 72
Pasture (average area — ha) 26 31

NTFP (average production — kg) 8 28
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a) Spatial pattern A — Ramais do Peixoto (fishbone)

In spatial pattern A, formed by medium propertiesuad 80 ha, 82% of the
households are composed on average by four iniméhitaith a male head between
40 and 50 years old with 2 years of education marimAround 38 % of the
families come from the Acre State (North); 10 %nfr@arana State (South); 10 %
from Ceara State (Northeast); and 10 % from EspBimto State (Southeash).
relation to the “date of occupation”, 23% arriveedtween 1982 and 1986, 33%
between 1990 and 1998, and 41 % arrived betweed 200 2005, demonstrating a
situation similar to that presented by the genanallysis in relation to the difficulty
in establishing in the region (Table 5.3). Thisawation is also supported by the
fact that around 85% of those interviewed were thetfirst occupants. The labor
force is composed in average by 3 residents, cangiéed by the aide of 1 to 3 off-
farm workers in general. Between 1 to 3 residergsaiso off-farm workers in other
farms. Actually, in some places there a system xwhange favours, where the
neighbours help each other without necessarilyi¢gpesthd money. Relating to the
equipments, beyond the manual tools (almost 1008pund 85 % of the
households’ posses a chainsaw, 7.5 % have acdeastar and around 10 % use
inputs in the crop fields. It suggests that theupemts of this specific area have
better conditions to work the land in comparisothwhe rest of the study area. The
are no many cooperatives in this area given thet-or@entation of cattle. The
majority of the households are associated to sossec#tion to have access to a
tractor and financing. Finally, 77% of the intewiEes consider that roads
impracticable during one season, confirming theeabs of road infrastructure in the
region

In relation to land tenure, 45% of households edand title, which means that
they have real land ownership and can sell the gstpp40% have only the use
rights (called “card”), 5% only have a “contract s#le”, not official but tolerated
given the difficulty to monitor this type of landhhsaction. It is less complicated to
regularize the situation of those who are on thaperty than to put other families
there. The large number of families with a lanéetindicates a certain stage of
maturation of this spatial pattern. However, thesiderable number of families
with only the use rights also suggests a high dyoarfthis spatial pattern related to
land transference. Finally, it is observed thatd®@f the interviewees do not have
any document. Its also supports the idea that tieem@n intense (and irregular)
process of land transference, given that the eaffisiettlers have always some
document
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Table 5.3 General characteristics of the househuitirviewed — spatial pattern A

Variables spatial pattern A Variables spatial patten A

Family Origin: (per region) % Date of occupation %
North 38.5 80-84 10
Northeast 20.5 85 -89 15
Southeast 25 90 - 94 18
South 10 95-99 15
Center west 5 00 - 05 41
First occupant: % Gender (head) %
Yeas 13 Male 87
No 87 Female 13
Age (head) % Education (head) %
20-29 7.5 Without 15
30-39 13 Primary 87
40 - 49 30.5 Secondary 10
50 -59 26 Over 15
60 and over 23

Number of lots %
Documents: % 1-2 92.5
Card (use rights only) 40 3-8 7.5
Title (property rights) 45 8 and over -
Other (not official) 5
Without 10 Number of wage %

0 18
Number of people living % 1-3 56.5
1-4 51 4-6 23
5-9 45 7 and over 15
10 and over 4

Equipments % (yes)
Number off farm used % Manual tools 97.5
0 36 Chainsaw 84.5
1-2 45 Tractor 7.5
3 and over 19 Inputs 10
Cooperative - All season roads %
Association 54% Yeas 23
Coop. + Assoc. 2.5% No 77
Not participant 43.5%

The properties of this spatial pattern have onaye13 ha of planted area with
around 1.400 kg of production, 116 heads of cattld2 ha of pasture, and around 9
kg of NTFP in average, related mainly to the Branilchestnuts (Table 5.4). These
values suggest a tendency towards cattle actigityen that the cultivated area is
small in comparison with the pasture and properaaAnalyzing the deforestation
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rate for each property visited in this spatial @atf it was observed that most of the
properties had deforested more than 3 hal/yeawirggrup to 17 hal/year in some

cases. This confirms the importance of cattle @tigp pattern A. Deforestation for

subsistence cultures reaches normally a maximu2nhai'year. As there are no large
commercial cultures in the study area, it is supdothat lay forest openings are
related mainly to pasture areas.

Table 5.4 Characteristic of the land use activisestial pattern A

Variables spatial pattern A
Average Std

Subs. Crops (average area - ha) 2.80 3.36
Subs. Crops (average production - kg) 900 1833
Production per hectare 321kg
Comm. Crops (average area - ha) 0.5 1.1
Comm. Crops (average production - kg) 479 1758
Production per hectare 958 kg
Average number of animals 116 117
Pasture (average area — ha) 42 47
NTFP (average production — kg) 9 15

b) Spatial pattern B — Redencéo (radial)

Spatial pattern B (Redencéo) is also composed ofurmegroperties between 80
ha and 100 ha, inhabited on average by 4 peoplbk,amnale head around 40 years
old, and with maximum 2 years of education. Intretato the origin of the families,
26% came from the Parana State (South), 16% fronma#liGerais State
(Southeast), 10 % from Amazonas State (North), 1foc¥h Acre State (North) and
10 % from Sao Paulo State (Southeast) (Table 5183 demonstrates the utility of
the analysis by spatial pattern. While the genanalysis indicated that most of the
families present in the region came from the ActateS this analysis by spatial
patterns suggests that some specific areas wesaizetl and are inhabited mainly
by people from other regions of the country. lbatenfirms the important presence
of people from other states (especially from thetlspin the colonization process of
this region.

Concerning the date of occupation, it is observatiahound 33% of the families
arrived between 1980 and 1986, 37 % arrived betwlg®9? and 1998 and 30%
arrived after 2000. This suggests certain stahititterms of land transference. It is
supported by the percentage of properties witlestitivhere it is observed that
around 72 % of the properties have a land title anly 28 % have just the use
rights. The land title gives the right to commeligithe land, which explains the
high degree of land concentration in this spatitgyn: 83 % of the properties
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visited were composed by a minimum of 2 lots, 7%eh@ lots, 7% 10 lots and 3 %
18 lots. Each property of this spatial pattern heacat least 150 hectares of area.

Table 5.5 General characteristics of the househoiterviewed — spatial pattern B

Variables spatial pattern B Variables spatial patten B

Family Origin: (per region) % Date of occupation %
North 26 80-84 10
Northeast 3 85 -89 15
Southeast 32 90 -94 18
South 35 95-99 15
Center west 3 00 -05 41
First occupant: % Gender (head) %
Yeas 31 Male 87
No 61 Female 13
Age (head) % Education (head) %
20-29 26 Without 10
30-39 42 Primary 71
40 - 49 16 Secondary 13
50 -59 16 Over 6
60 and over

Number of lots %
Documents: % 1-2 74
Card (use rights only) 22.5 3-8 16
Title (property rights) 61 8 and over 10
Other (not official) 3
Without 13 Number of wage %

0 13
Number of people living % 1-3 64.5
0 13 4-6 22.5
1-4 45 7 and over -
5-9 39
10 and over 3 Equipments % (yes)

Manual tools 93.5
Number off farm used % Chainsaw 64.5
0 32 Tractor 13
1-2 64 Inputs 39.5
3 and over 3

All season roads %
Cooperative 9.5 Yeas 29
Association 51.5 No 71
Coop. + Assoc. 3
Not participant 35.F

The properties have on average 5 ha of planted wittaaround 400 kg of
production per season. There are around 70 headattté distributed in 40 ha of
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pasture on average. Despite the significant vahfesultivated areas and crop

production, the number of animals and the sizeastyres give to this spatial pattern
a character dedicated to cattle activities. Moreotree analysis of deforestation by
property revealed that 50 % of the properties (Bxrm general of 2 lots, with 80 ha

each) deforested on average less than 3 ha/yedaldy due to the opening of areas
for subsistence cultures. Moreov&® % of the farms (formed in general of more
than 3 lots) deforested more than 4 halyear, agiat 30ha/year in some properties
composed of more than 5 lots, certainly relateghdsture expansion in this case
(Table 5.6).

Table 5.6 Characteristic of the land use activispatial pattern B

Variables spatial pattern B
Average Std

Subs. Crops (average area - ha) 5 5.7
Subs. Crops (average production - kg) 50 66
Production per hectare 10 kg
Comm. Crops (average area - ha) 2 3
Comm. Crops (average production - kg) 326 923
Production per hectare 163kg
Average number of animals 70 75
Pasture (average area — ha) 41 54
NTFP (average production — kg) 3.3 14

c) Spatial pattern C — Campinas (Campinas - smallcale fishbone )

Spatial pattern C — Campinas is composed of smalk deamers, with an
average area of 10 ha. The properties of thisagaditern were inhabited in general
by 4 people (60%) with a male head of around 3%btgears old and a maximum of
2 years of study. Most of the families, around 7G%me from the Acre State
(North) and arrived mainly after 2000 (60%). Othdérsm the South of the country,
mainly from the Parana State (16%) (South), arribefore 2000. As a young
colonization project, the majority of its occupar{®%) have only a card for
document (use only) (Table 5.7). This may preventpmcess of land
commercialization and consequently land conceptndti this spatial pattern, where
more than 75 % of families have only one lot. Dispiis, and the fact that the
occupants with only the use rights are forbidderseb the property, 85 % of the
occupants declared not to be the first occupanis $trengthens the feeling that
there is a chronic situation of irregular transfe of properties, already observed
in the analysis of the spatial patterns A and B.
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Table 5.7 General characteristics of the househuitirviewed — spatial pattern C

Variables spatial pattern C Variables spatial patten C

Family Origin: (per region) % Date of occupation %
North 73 80 -84 -
Northeast - 85 -89 -
Southeast 4 90 - 94 8
South 19 95-99 32
Center west 4 00 - 05 60
First occupant: % Gender (head) %
Yeas 15 Male 69
No 75 Female 31
Age (head) % Education (head) %
20-29 12.5 Without 8
30-39 31 Primary 77
40 - 49 31 Secondary 15
50 -59 18.5 Over -
60 and over 125

Number of lots %
Documents: % 1-2 96
Card (use rights only) 73 3-8 4
Title (property rights) 11 8 and over -
Other (not official) -
Without 15 Number of wage %

0 8
Number of people living % 1-3 88
0 4 4-6 4
1-4 65 7 and over -
5-9 31
10 and over - Equipments % (yes)

Manual tools 80
Number off farm used % Chainsaw 20
0 27 Tractor -
1-2 73 Inputs -
3 and over -

All season roads %
Cooperative 0 Yeas 19
Association 36 No 81
Coop. + Assoc. 0
Not participant 64

The properties of this spatial pattern have onayerR2 ha of planted area, with
370 kg of production/season, 2 heads (maximum)atfiecon 1,5 ha of pasture,
without NTFP production. Beyond the subsistence safpcassava, rice, beans and
maize, Spatial Pattern C also produces bananasecaifid lemons (Table 5.8).
Moreover, the production of cassava in this spapattern is not only for
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subsistence, but also to produce cassava flourhwisicvery appreciated in the
region. This denotes a trend in the agriculturehdd spatial pattern. This trend is
supported by the results of the deforestation @malipy lots, where an average
deforestation rate of around 0.36 halyear was wbdewith a maximum of 0.58
halyear.

Table 5.8 Characteristic of the land use activispatial pattern C

Variables spatial pattern C

Average Std
Subs. Crops (average area - ha) 15 2.15
Subs. Crops (average production - kg) 216 570
Production per hectare 144 kg
Comm. Crops (average area - ha) 0.4 0.8
Comm. Crops (average production - kg) 150 537
Production per hectare 375 kg
Average number of animals 1.6 3.4
Pasture (average area — ha) 1.6 3.4
NTFP (average production — kg) 5 16

d) Spatial pattern D — Redencéo (diffuse)

Spatial pattern D — Redencao, is the most recetitiofstudy and is formed by
small properties with areas between 15 and 25 hesd properties are inhabited on
average by 4 people (64%) with a male head aroOnie 30 years old and 2 years
maximum of education (Table 5.9). There are alsmesqroperties without
occupants. Around 20 % of those interviewed dedldhat they just work on the
land but live somewhere else - probably in the. dityis is a situation observed only
in some properties of spatial pattern C, where tiopgrty wastransformed into a
weekend getaway without economic activity. Its msenother interesting situation
because the land occupants of the INCRA settlemastlaliged to live in the
property. Finding some properties without inhalitasuggests not only the absence
of monitoring but also, in some cases, the contgli@f inspectors and/or
responsible for the land tenure verification.
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Table 5.9 General characteristics of the househuitirviewed — spatial pattern D

Variables spatial pattern D Variables spatial patten D

Family Origin: (per region) % Date of occupation %
North 62.5 80 -84 -
Northeast 17 85 -89 -
Southeast 12.5 90 -94 -
South 4 95-99 46
Center west 4 00-05 54
First occupant: % Gender (head) %
Yeas 29 Male 75
No 71 Female 25
Age (head) % Education (head) %
20-29 20.5 Without -
30-39 25 Primary 83
40 - 49 2 Secondary 17
50 -59 17 Over -
60 and over 125

Number of lots %
Documents: % 1-2 96
Card (use rights only) 75 3-8 4
Title (property rights) - 8 and over -
Other (not official) 4
Without 21 Number of wage %

0 4
Number of people living % 1-3 87.5
0 4 4-6 8.5
1-4 75 7 and over -
5-9 17
10 and over 4 Equipments % (yes)

Manual tools 96
Number off farm used % Chainsaw 46
0 17 Tractor -
1-2 83 Inputs 4
3 and over -

All season roads %
Cooperative 0 Yeas 12
Association 35 No 88
Coop. + Assoc. 4
Not participant 61

Half of the occupants came from the Acre State (b@%rth) and arrived in the
area before 2000. The remaining families arrivedeneral between 1997 and 1999,
and came mainly from Clara State (18%, Northeadt) Mimas Geris State (9%,
Southeast). As in spatial pattern C, this spatiaitepa is also recent and
consequently 75 % of the occupants have only teerights and 4 % have “a no
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legal contract of sale”, as already observed ingbatial pattern A. As explained
before, this kind of “non-official” document is thted given the difficulties of
monitoring land transference in this region. Thenber of inhabitants without any
document is also high, around 20 %, confirming thiense dynamic of land
transference. Despite the recent implementatiorth@f spatial pattern and the
massive presence of farmers with only use rightsenthan 75 % of the inhabitants
were not the first occupants. This confirms the esarmends observed in the other
spatial patterns in relation to the land tenuretuAlly, there is a difference
compared to what is observed in other regions @Btazilian Amazon: land tenure
does not apparently play an important role in thigion, maybe given the absence
of a monitoring scheme and also given the comglioft inspectors and/or land
monitoring responsible.

The properties of this spatial pattern hold on ager2.5 ha of planted area with
100 kg of production/season, 12 heads of cattle/ dra of pasture, and 7 kg of
NTFP production (Table 5.10). These average vakgggest an intermediate
situation in terms of land use in relation to ththen spatial patterns analyzdd.
general, it seems that the occupants of this dpadieern do not have a primary
activity and try to survive investing a little iraeh activity. It can be related to the
age of the settlement and consequently to its lef/elevelopment. It can also be
related to the isolated condition of this spatiatt@rn given the distance from the
main road and the very poor condition of the rdaat serves this spatial pattern.
The deforestation rate by property is around 1.Bdaas, which also suggests
openings related to subsistence crops. Howeventkeage area of pasture in the
lots indicates that deforestation in this spatiakttgrn also occurs for pasture
expansion.

Table 5.10 Characteristic of the land use activispatial pattern D

Variables spatial pattern D

Average Std
Subs. Crops (average area - ha) 2 2.58
Subs. Crops (average production - kg) 180 490
Production per hectare 90 kg
Comm. Crops (average area - ha) 0.5 0.9
Comm. Crops (average production - kg) 7.2 17
Production per hectare 14.4 kg
Average number of animals 12 18
Pasture (average area — ha) 7 8

NTFP (average production — kg) 7 11
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5.2.2 Summary of field survey

This first analysis considering the socio-econodata from the field survey and the
deforestation data from the satellite images hasiged a land use description of
the area. It also showed the utility of linking tpde to pixel” where information
from the field survey could be combined with infation from satellite images, for
the same area on the ground. Summarizing the septaisented above, it can be
observed that spatial pattern A is occupied malylypeople from the Acre State,
who arrived after 2000. These families, in gengragsess one lot where subsistence
crops are practicetHowever, cattle ranching are the main activitytfoe properties
when considering the number of animals and theupasarea. The analysis of
deforestation also suggests cattle as a main Bgtigiven the average area
deforestecper property. Spatial pattern B (Redengéo) is occupiathiyn by people
from the south of Brazil, despite the significgmésence of people from the center
and the north of the country. These families ineggahpossess more than one lot,
where subsistence and some commercial crops ir ameals (5 ha average) are also
cultivated and with cattle as a main activity, givihe number of animals and the
pasture area. The deforestation analysis by lai atmfirms cattle as the main
activity. Mainly people from the Acre State occupy spatidtgrza C. The average
value of subsistence and commercial production ¢oascbwith low number of
animals, small pasture area in a small propertygesst a“crop cultivation”
character for this spatial patterfihis is confirmed by the deforestation analysis
where most of the occupants cut around 0.36 haygear. This certainly relates to
openings for crops. Finally, Spatial pattern D égsupied mainly by people from the
Acre State. This pattern revealed an intermedidt@tgon in relation to land use,
where the presence of crops (only for subsistenpaeture areas, a greater number
of animals than observed in spatial pattern C (ctamsed “crop-based”) and less
than spatial patterns A and B (considered “cattketdd can be observed. The
deforestation analysis by lot of this spatial pattsuggests the presence of forest
openings for crops. However, the pasture area presgey the lots also suggests
forest openings for pasture.

5.3 Third Stage - Classification of land use and
land cover based on satellite images

A process of image classification using satellileages was applied with the
objective of quantifying the extent of land use #amttl cover classe¥he following
classes composed the map’s legend: primary fasesgndary forest (regeneration),
crops field, pasture, burned area, exposed sdailyater (Annex B). The process of
classification was supported by GPS data acquime2l0D0 and complemented by
direct field observations and GPS points collectienling the field survey that
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occurred in 2005. These classes are describednistef satellite response and in
relation to their structure and main species. Timgsjgal description of the primary
forest and secondary forest was based on trangeatle in a previous study
(Lorena, 2001). First the thematic classes thatpos®d the maps produced are
presented and characterized. Then the resultedaddburacy assessment to evaluate
the maps produced are reported. At last, the aisabfsland use and land cover
change based on the maps produced is presented.

5.3.1 Characteristics of thematic classes

a) Primary forest

Despite the fact that the study area presents sifnistense human activity, the
remaining primary vegetation is still significarmidacan be easily identified in the
Landsat TM images by the strong green coloratiathéncolor composite 3(B), 4(G)
and 5(R). This class includes all existing forestrfations in this area, such as the
open forest with occurrence of lianas and bambeowell as the dense forest. In
accordance with data obtained through transecterimad field survey in 2000, the
area of primary tropical forest is structurally chaerized by an “average diameter”
DAP = 19 cm, “average height” H = 14 m, with 40@iinduals per hectare. The
vegetation is composed mainly of species liKestragastris altissima(breu
vermelho), Pseudomedia laevigpama pretp Bertholletia excelsgcastanheira),
Theobroma microcarpunfcacaurana)Celtis sp(farinha seca)leonia glycicarpa
(gog6 de guaribaBrosimum alicastrun{inharé), Guazuma sgmutamba branca),
Altophilus sp(seringueira)Virola multiflora (ucuuba preta).

b) Secondary forest (Regeneration)

Generically called « Capoeira Latifoliada » by the B®VIBRASIL project
(1976), this class is related to the vegetal foromathat was established mainly after
the agrarian activities and including differenustural stages and varying densities.
In relation to the spectral response of this foramaton the satellite images
(composition 3(B), 4(G) and 5 (R)), the variationdafnsity and structure in this
class generally presents an intermediate greematmo between the primary forest
and the response of some crops, mainly with a sktulrture. Structurally, this
formation corresponds to an intermediate stageeptg®y individuals with an
“average diameter” DAP = 10 cm, “average height=H8 m, with 500 to 600
individuals per hectare. The most frequent speaid¢kis formation wereOchroma
pyramidale(algodoeiro bravo)Zanthoxylum rthoifoliun{limaozinho), Metrodorea
flavida (pirarara), Heliocarpus sp(malva branca)Acacia pollyphilla(espinheiro
preto),Schizolobium amazonicuffava canafistula)Solanum sigjurubeba).
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c¢) Crop Fields

The crop fields’ class is formed by any type of noresent in the region:
perennial and annual crops, for subsistence or @ncialization. The principal
crops are: rice, beans, maize, cassava, coffebamaha. During the field survey, it
was observed that the textural and spectral regpoinsome cultivated parcels in the
region presented some spectral similarities wittyss of “secondary succession”.
The absence of extensive cultivated areas in tfiemavas also observed.

d) Pasture

This class includes implanted pasture areas, ilfjudreas of activity pasture
and abandoned pasture. The pastures presentiiegioa are formed mainly by two
species of grass: Brachiara and Brizantdo that ane a@mmon in the Amazon
region. The Pueraria species is also found as tngais the region, however at a
minor scale and used mainly to fatten the cattl @nincrease the fertility of the
soil, given the greater amount of protein in thiasg. This type of grass is also used
as an additional source of income for farmers, wbmmercialize its seeds. In
relation to the satellite response, this classemisspink tones that vary in function
of the stage and structure of the grass and theespionse.

e)Burned area

This class concerns the areas that have been burtieel field and appear in the
satellite image in general as a geometric dark sfiiese areas can be related with
the traditional practice of slash-and-burn, or witle process of land “cleaning”,
where areas already deforested, exploited and abeddafter a few years, are
cleaned through fire and prepared to receive anathiéure in the case of crops or
pastures in the case of the change in land useniihiemum area mapped of this
class was 9000 m2 or 0.9 hectares.

f) Exposed soil

The class “exposed soil” concerns the areas wherepectral response of the
soil is much more important that any vegetationecquesent in this area. Normally
it relates to the urban areas, roads and othemcesfwith a low presence of
vegetation. In the satellite images (compositiomdsat 3(B) 4(G) and 5(R)), it is
represented by saturated pixels with a rose cadorat

g) Water

It represents any water body present in the aremag than 1800 m2 or 0.2
hectares. It is represented in the satellite imdgean area with blue coloration,
where the tonality can vary in function of the seedits in suspension in the water
body.
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5.3.2 Evaluation of classification

Using the training samples, the supervised clasgifin by region was realized for
images from 1990, 1995, 1997, 1999 and 2004. Timplss sought to represent the
variability of each class, and to characterize ioenogeneous areas best as
possible. Based on the results obtained for eaclgenfAnnex 2, 3, 4, 5), it was
possible to proceed with the evaluation of the sifastion using an error matrix,
with sample tests defined and georeferenced irfidle for the images from 1999
and 2004. As field data to evaluate the classificatfor 1990, 1995, 1997 were not
available, it was assumed that the Kappa valud 980 (estimated at 0.7) could be
used to infer the performance of the images fro#019995 and 1997, given the
small number of classes studied and the same natigydused.

The Kappa values were considered significant, andas demonstrated that
there was a good agreement between the classifiethee reference data collected
in the field. According to Landis & Koch (1977) Kappa value of 0.7 represents a
“very good” level of agreement between the thematap and the ground truth.
During the process of evaluation, it was verifiggether certain thematic confusions
occurred between classes. This can be explainégediact that some targets present
similar spectral responses. The error matrix far thassified image of 1999 is
presented in Table 5.11. This matrix compares dfierence data (field) with data
from the classified images. Correctly classifiedgfsxare found in the main diagonal
line of the matrix (Congalton, 1991).

Table 5.11 Error matrix for the image classificatie 1999

Class P_forest S_ forest Crops Pasture Exp Scjil Total
P_ Forest 13 1 0 0 0 14
S_forest 2 15 3 1 0 21
Crops 0 0 18 0 0 18
Pasture 0 1 1 15 0 17
Exp Soil 0 0 0 1 4 5
Total 15 17 22 17 4 75

Analyzing the error matrix of the images from 1988ows that the major
confusion occurred between the classes “Crops” @ecdndary forest”. This
confusion was expected because the areas of segdiodest in their initial stage,
despite the presence of very strong photosynthetigity, also present a strong soil
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response similar to certain cultivated areas wijtbrocanopy. There is also some
confusion between crops with scrub structure @éfee) or arboreal structure (e.g.
seringa) and some stages of secondary forest. @bk b.12 shows the errors of
omissionandcommissiorestimated from the Table above. Erroroofissionoccur
whenever the classification does not recognize Ipixhat should have been
identified as belonging to a particular class. Erof commissiorresult when the
classification incorrectly identifies pixels assateid with a class as belonging to
other classes

Table 5.12 Omission and Commission errors of theramatrix, image 1999

Mapping
Classes Omission Commission

Accuracy
Primary forest 7% 14% 81 %
Secondary forest 28.5% 9.5% 65 %
Crops 0 22 % 81%
Pastures 75% 75% 80 %
Exposed soil 20 % 0 80 %

The evaluation of the classification for 2004 waadm based on field data
collected in 2005. Some targets may have changedeba 2004 and 2005. Table
5.13 presents the error matrix for the classifaratof 2004. As is observed in the
evaluation of the classified image from 1999, tHassified image from 2004
presented confusions between some stages of segdodast and some crops with
shrub structure, as well as with pastures in sestd@bandonment.

Table 5.13 Error matrix for the image classificatie 2004

Class P_forest S_forest Crops Pasture  Exp Saqil Total
P_Forest 13 0 0 0 0 13
S_forest 0 3 0 0 0 3

Crops 0 2 10 3 0 15
Pasture 0 0 0 3 0 3
Exp Soil 0 0 0 0 3 3

Total 13 5 10 6 3 37
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Despite all this, the evaluation process of thegesafrom 2004 presented a
Kappa value of 0.8, which according to Landis & Kdd977) can be considered
“excellent”. Note howevethat the number of reference GPS points used wai sm
compared to the evaluation process applied to ritegé from 1999. Table 5.14
shows the commission and omission errors of ther emnatrix.

Table 5.14 Omission and Commission errors of theramatrix, image 2004

Classes Omission Commission XIC?}::C%
Primary forest 0 0 100 %
Secondary forest 0 66 % 60 %
Crops 33% 0 50 %
Pastures 0 100 % 50 %
Exposed soil 0 0 100 %

5.3.3 Land use and land cover change analysis

The land use and land cover change analysis aitéétecting the changes during
the selected time period, and to measure the artaht of these changes for each
spatial pattern, and at a household level. Fromgtmentification of the thematic
classes for the years 1990, 1997, 1999 and 20@4sitpossible to detect significant
changes in land use and land cover in the regiablelT5.15 presents the area in
square kilometers (and the percentage of this iarealation to the total area) for
each thematic class analyzed in this study angeitsentage in relation to the total
area, for the years 1990, 1997, 1999 and 2004.

It can be observed that the area of primary fdradta strong area reduction with
an average rate of deforestation around 120 kni§gmar between 1990 and 1997,
and 143 km?2 per/year in the remaining period (1@02004).With the development
of the colonization project, there was a rapid aotsiderable growth (around
600%) of the cultivated area (specially identifi@sl subsistence crops of cassava,
rice, beans and corn and some small crops of caffdebanana) in the first years of
the colonization project and until 199his was followed by a stabilization period
between 1997 and 1999 with an average area of &fiukm?2 and followed by a
strong decrease during the remaining period, betw889 and 2004.
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Table 5.15 Area (in km?) of the main thematic @ass PAD Peixoto (AC)

PAD Pedro 1990 1997 1999 2004
Peixoto km2 km2 km2 Km?
PForest  TESDS Tewe  wose o
sroes  BZBE oo e
e 332 Uglo igmn o
Exp Sol (f?.l?‘i) (gig‘;:) (&i{% &)025%?
Water oo G omw o
Burn area (gbzfi) (Zﬁ% ﬁﬁs‘iﬁ’ 1(31020/5)4

This trend of increase, stabilization and decreafsthe cultivated area some
years after the establishment of the colonizatimjegt is observed not only in this
colonization project, but in almost all colonizatiprojects in the Amazon basin.
The problem is that there are “colonization prgjedtut there are no “projects for
colonization” (planning) (Henrique Sanntandn general, colonization projects (in
the Amazon regid?) consist in dividing a forested land (without ows)einto
parcels and giving these parcels to poor familieth® region, as well as from other
Brazilian regions. In the beginning, the familiesewtly given a lot by the INCRA
through the “Agrarian Reform Program” received a esidinancial support and
some technical assistance to begin the activitieghe lot. This support is enough
only to construct a small wooden house and to sterfiirst subsistence crops, but
not to develop the agricultural exploitation. Givdre limited fertility of the soil
(Wood, 2002) and the absence of technical asskstaine cultivated parcel becomes
unproductive after 2 or 3 years and the farmerhiiged to open a new area of
primary forest to continue producing. This activiil opening forest, plant 2 or 3
years and cut the forest again, is a labor intenaativity and has a low productivity
in financial terms. The farmer ends up abandonimg area and starts to plant
pasture, to ranch cattle or to rent to those whetaattle. The cattle are easier to
keep and generate a guaranteed income. The evohitithe classes is presented in
the Figure 5.17.

 Agronomist Engineer from INCRA.
2 The Brazilian Institute for Colonization and AgrariReform INCRA is responsible for all colonization
projects on the Brazilian territory.
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PAD Pedro Peixoto

years

B P-forest @ S-forest m Crops B Pasture E Exp.soil B Water B Burned area ‘

Figure 5.17 Evolution of the classes of the PADrBdREeixoto

The pastures, continuously increased between 198D 2004 representing
currently around 1400 km2. They occurred in allgemies, to a greater or lesser
extent depending on the origin and condition of ldnedowner. Some farmers are
originally from old areas of rubber extraction meetAmazon and some others are
from the extensive agriculture areas of southerrziBrahis difference of origin
influences work habits on the land. In general (it exclusively), the properties
managed by old rubber extractors from the Amazgiorepresent an abandoned
appearancelhis is related to factors such as the absencgrafudtural tradition and
consequently absence of knowledge about soil aratiag techniques. They have a
tradition of forest preservation given the long teah with the activities inside the
forest, such as rubber extraction or Brazilian ahéséxploitation. However, with
land division, some properties stay with no or teses that can be exploited for non
timber products extraction. As a consequence, dnedwner who does not have
experience in agriculture is obliged to plant peetuand ranch some cattle to
guarantee a minimum income.

The colonists from the south of Brazil in generaléndifferent work habits on
the land. They come from a region with a strongiti@en in agriculture and cattle.
With this experience, they start the property witditional subsistence crops of
cassava, rice, beans and corn together with theimgeof pastures. With the
knowledge of more advanced agricultural technigaed the financial resources
earned from cattle, they keep soil productivity 2 3oyears longer than others.
However, after some years it is impossible to na@mthe soil productivity in the
same area and they, like the other colonists, hligeal to cut 1 or 2 ha of primary
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forest in search for temporarily fertile soilhe abandoned area of crop is rapidly
transformed into pasture and this process is redeattil reaching the forest limit
allowed. As there is no strong field surveillance, this &trémit is often overtaken,
up to the limit of the property. Independent of tkached limit (forest or property)
the colonist from the south of the country in gehedoes not abandon the
unproductive areas and ends up transforming evegythto pasture.

The class “Secondary Forest” presented a constamwtly during the study
period, with a significant increase over the lasang. In some cases, this growth of
secondary forests can be related to the tempoksEmdonment of the property, due
to the absence of investments and consequentlfit@ancial returns. In other cases,
the cultivated parcel is abandoned given the loifsedility soil and another parcel
is opened in the area of primary forest. Actualigependent of their age, secondary
forests can be found everywhere in the study dregeneral the properties most
distant from the main road present a more advastagke of abandoned pasture and
secondary forest than the properties near the nogid. This happens because the
properties distant from the main roads have mafficdlities to develop production
due to their low accessibility. Landowners end bpraloning the property or parts
of it.

5.3.3.1 Land use and land cover change analysis patial pattern
A

As already observed in the analysis of deforestafor each separate spatial
pattern, spatial pattern A presents a very singlarution, in terms of land use and
land cover during the period studied, to the situmpresent in the overall study
area. Table 5.16 presents the drelam? for each thematic class and the percentage
that it represents in relation to the area of spatttern A, for the years 1990, 1997,
1999 and 2004. Despite the difference in areaatfadysis of the relative percentage
of each class shows an evolution in land use amdl ¢@ver that is very similar to
observed in the study area. As described abovdjabgmattern A (Ramais do
Peixoto) is formed by the first roads opened in rigion (1977), with an area of
about 718 km2 representing 20% of the entire sardga. These two factors, history
and size of the spatial patterns, are probablyegélt this similar behaviour.

! Depending of the settlement project, by law, thecalturist can cut only 50% of primary forest geat
in the property.



94 CHAPTER 5 RESULTS AND DISCUSSION

Table 5.16 Area of classes in km2 and percentalgéec to the total area spatial pattern A

spatial 1990 1997 1999 2004
pattern A km2 km?2 km?2 km?2

Proest IS i gem e
S. Forest dive i oaw  Gosw
Pasture oo Gumy  Gise o
Crops A v s s
Exp Soil (gégo/?) (36%‘2) (86%02) 0
Water oot 0 oo (o
Burn area comy  Gam O e

This spatial pattern began in 1977 and, in 1998, dhea of primary forest
represented still almost 90 % of the entire arethefspatial pattern A, with a small
area of pastures corresponding to 10 % of theeeatiea. This indicates an absence
of activities during the first 10 years of the aulmation project, probably related to
an absence of economic interest in this isolated af the Amazon region and
consequent absence of financial and technical stippothe first period (1990 —
1997) a decrease is observed of around 20% ofrineagy forest area, given the
increase of the pasture and crop area, with a smakase of secondary forest,
suggesting a beginning of settlement with the atriof new colonists. This
characteristic is described by Brondizio et al. 0@0 MacCraken et al. (1999 and
2002) as a “migration effect”. Despite beginningli®78, the period after 1990 is
marked by government incentives for forest occupatand consequently new
colonists arrived in the region. This is confirmieg the data acquired in the field
survey, where almost 40% of the interviewed houk=harrived between 1990 and
1998. The increase in crop and pasture areasassequence of the establishment
of new agriculturists in this period. The smallriease of secondary forests can be
related to some areas of primary forest openedheénetarly 1990s for subsistence
crops, that subsequently evolved into pasture agré Winally abandoned, following
the trends explained above. These evolution ottagses can be analyzed through
Figure 5.18.
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Spatial pattern A
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Figure 5.18 Evolution of the classes of the spatatern A

In the second period (1997 — 1999), a decreasmahd 10 % is observed in the
primary forest area with a relative stabilizatidntlee crops and pasture area and a
strong increase in the secondary forest. The &ahdn of the crops and pasture
area suggests a period when the agriculturistsotmpaintain the production while
exploiting the temporary fertility of the soil. Hawer, the reduction of the primary
forest and increase of the secondary forest inoat gteriod of time, also suggests a
very dynamic period when part of the crops andyvastwere abandoned given the
low fertility of the soil after two or three yead$ production and evolved into a
secondary forest. Then, the deforestation in tleisod is probably related to the
opening of new areas of crops and pasture to sutesthe abandoned areas. The
increase of the secondary forest in this shortopedan also be related to some
confusion between classes in the classificationcgss. In this period of
establishment, the spectral behaviour of some dsopsry similar to the behaviour
presented by some stages of secondary forest.

The third period (1999 — 2004) is characterizedhgyabandonment of the crops,
an increase in pastures and secondary forest anelasontinuous deforestation. The
increase in the secondary forest is probably réltdethe abandonment of the crop
areas and part of the pastures, despite the ircrefashis class in this period.
Following this logic, the deforestation in this jperis probably related to the direct
opening for pastures, which accounts for the wsiiicreases of this class after
1999.
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5.3.3.2 Land use and land cover change analysis patial pattern
B

Spatial pattern B started in the early 1980s. In01@% for the spatial pattern A), it

already had large areas of pasture, crops and dagofforest as witnesses of the
activities of the 1980s (Table 5.17). However, 890 the area of primary forest still

represented around 80% of the total area of spaditiern B, suggesting the same
absence of interest in this region observed insipetial pattern A. In this period,

pastures corresponded to 15 % of the area of spati@rn B, suggesting a trend of
this spatial pattern towards cattle activity.

Table 5.17 Area of classes in km? and percentalzgad to the total area spatial pattern B

spatial 1990 1997 1999 2004
pattern B kmz Km? km?2 kmz2
P. Forest Frr N N - I
S. Forest S G Ghied  casew
Pasture Goiw  owime  omime  osiem
Exp Soil Com oo G 0
waer 0% o oo 0%t

Between 1990 and 1997 a significant reduction iokesl in the area of primary
forest (around 30 % of the total area of this gpabiattern) associated with the
increase of pastures and crops areas. This pexiodaracterized by the “migration
effect”, already observed in spatial pattern Aislprobably related to the beginning
of the settlement. Although it was initiated the early 1980s by the federal
institution INCRA, the management of this spatialtgr was transferred from the
Federal to the State Government in 1990 and theepeoof colonization started
again with new colonists and incentives. This eixglathat the period is
characterized by an increase in crops and pastaas dollowed by a period of
establishment between 1997 and 1999, where staiiiliz of the crops and pasture
area is observed with an increase in secondargtfoféae results presented in the
last table, can also be analyzed through the Figuire.
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Spatial pattern B
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Figure 5.19 Evolution of the classes of the spatatern B

The third period between 1999 and 2004 goes thraugbntinuous decrease in
primary forest following the increase of pasturesl aecondary forest. Between
1999 and 2004, it is possible that some parts efigforested area were abandoned
and evolved into secondary forests. However, fihdst probable that the increase in
secondary forest in this period is related to thenslonment of cultivated areas. It is
observed that a significant reduction in this classurred in the same period and the
continuous deforestation of primary forest is phipaelated to the openings for
direct pastures expansion.

5.3.3.3 Land use and land cover change analysis patial pattern C

Spatial pattern C, characterized by small propertiesind 10 ha, and destined
mainly to small scale plantations and small scatestock, presents an evolution of
land cover (Table 5.18) with some similarities e tspatial patterns A and B.
Despite its beginning in 1991, it can be observed, tin 1997, almost 50 % of the
primary forest area was lost to the increase inptsture areas. It can be speculated
that the rate of deforestation during this perib890 — 1997) is characterized by the
effect of migration waves as described by Brondétial. (2002) and MacCraken et
al. (1999 and 2002). This effect is associated gittups of migrants arriving in the
same period, with the same land use strategieshigid rates of deforestation,
typical of the period of property establishmentog&sa, 2004). In the area of spatial
pattern C, property size and the possibility to alate all primary forest present on
the property can also influence the strong decraageimaryforest, in relation to
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the deforestation observed in spatial pattern A4Rand spatial pattern B (30%) for
the same period.

Table 5.18 Area of classes in km2 and percentalg¢ect to the total area spatial pattern C

spatial 1990 1997 1999 2004

pattern C km2 kmz km?2 km?2

10.60 5.90 4,21 2.59

P. Forest (100%) (55.69%) (39.76%) (24.48%)

0.06 0.71 1.49 1.87

S. Forest (0.56%) (6.70%) (14.14%) (17.69%)

0.02 3.34 1.89 4.87

Pasture (0.28%) (31.55%) (17.85%) (45.97%)

0.73 3.08 0.69

Cultures 0 (6.90%) (29.08%) (6.52%)
Exp Soil 0 0 0 0

0.11

Water 0 0 0 (1.04%)

Burn. area 0 0 0 0.49

(4.62%)

The significant presence of pastures in 1997 raddth the other classes suggests
a trend towards ranching activities. However, thp@tial pattern was conceived
mainly to favor agricultural production, and thejomgpresence of pastures in this
first period could be related to errors in the sifigation. In this period of
establishment, there were many recently opened dogacrops. Depending on the
type of the crop and its development, the speotsglonse can be very similar to the
response of pasture. The results are also prestmtrdyh the Figure 5.20.
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Spatial pattern C
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Figure 5.20 Evolution of the classes of the spatatern C

The land cover classification of 1999 supports klypothesis that the area
experienced a reduction in pasture area and aeaserin crops area. However, the
results observed for 2004 confirm the trend preserty the other two spatial
patterns analyzed before. It can be observed thdgceease in crop area and an
increase of pasture and secondary forest areaglated to the abandonment of the
cultivation and increase in ranching activities.spiee the small area of the
properties, the limited cattle activity in this §phpattern became more interesting
than cultivation because of the difficulties in mtaining soil productivity. In this
case, this difficulty is the same as that obsefeedhe other spatial pattern, such as
low fertility of the soil, the absence of financald technical support, the absence of
market for the products, the absence of transpontaind the road condition.

5.3.3.3 Land use and land cover change analysis patial pattern
D

Although it was initiated officially in 1997, thenalysis of the deforestation, land
use and land cover changes based on satellite grteae detected the presence of
activities in this area previous to this year.dhde observed in the Table 5.19 that
in 1990, the area of pastures represented 2.5%eo$urface of spatial pattern D.
This presence of pastures is probably relateddmtitupation of the first properties
along the road before the creation of the settlemafith the establishment of the
settlement in 1997, these properties were incotpdranto the “Caqueta project”
and many of them were donated to new colonistss Eiplains the presence of
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pastures as well as the presence of crops and dagoforest in the beginning of
this settlement project.

Table 5.19 Area of classes in km2 and percentalg¢ect to the total area spatial pattern D

spatial 1990 1997 1999 2004
pattern D km2 kmz km?2 km?2
P. Forest 45.63 36.20 28.34 9.71
(97.09%) (77.02%) (60.31%) (20.67%)
S. Forest 0.17 3.36 2.00 10.11
(0.36%) (7.16%) (4.26%) (21.52%)
Pasture 0 2.03 6.32 22.10
(4.33%) (13.46%) (47.03%)
Crops 1.18 5.44 8.86 2.06
(2.52%) (11.57%) (18.86%) (4.40%)
Exp Soil 0 0 0 0
Water 0.27
0 0 0 (0.58%)
Burn. area 0 0 1.37 2.79
(2.92%) (5.94%)

The evolution of the classes between 1997 and 199%haracterized by the
“migration effect” observed in the other spatptterns. The areas of crops and
pastures display a significant increase while theas of primary and secondary
forest show a decrease. The decrease in the seyofutast especially can be
related to the expansion pasturébe classification of 2004 confirms the trends
observed in the other three spatial patterns aedlya terms of abandonment of
crop areas and consequently an increase of segofudast and pasture areas

The significant decrease in primary forest and streng increase in pasture
areas observed in 2004 (also observed in the spiaial patterns for the last period)
indicates that deforestation in the last periockiated mainly to the implementation
of new areas of pasture. Despite the forest coatierv principles of this spatial
pattern it ends up evolving just like the othertspgpatterns. This confirms the
difficulty to maintain the soil productivity usintpe same cultivated parcel, due to
the low fertility of the soil and the absence afdincial and technical support. This
forces the farmer, independent of the spatial patt® cut up to 2 ha per/year to
keep up subsistence crops. Finally the colonistsugnpreferring cattle, because of
the ease in terms of labor compared to crop agtivihis explains the continuous
reduction of the forest and crops areas, as weth@sncrease in pasture ardée
results presented in the last table can also bgzeththrough the Figure 5.21.
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Figure 5.21 Evolution of the classes of the spat&tern D

Despite the forest conservation principles of gpsitial pattern, it ends up for
losing more primary forest than the others spaiatterns. Independent to be for
crops or pasture, this situation confirms the diffiy to maintain the soil
productivity using the same cultivated parcel, theslow fertility of the soil and the
absence of financial and technical support. Thisee the farmer, independent of
the spatial pattern, to cut up to 2 ha per/ye&etp up subsistence crops

5.3.4 Summary of land use and cover change analysis

This analysis of land use and land cover changedan satellite images suggests
that the different spatial patterns of deforestatémalyzed in this study end up
following the same trends, independent of the sizé the land use planningll
spatial patterns present a continuous decreadeegfrimary forest area during the
three periods analyzed. Despite some differenceterims of land use evolution
between spatial patterns, in general the firstooefi 990 — 1997) is characterized by
an increase in the crop and pasture areas. Thedg®yiod is characterized by a
stabilization of these activities in terms of segaand in the third period (less for
the spatial pattern D) there is a reduction of ¢thep areas and an increase in
pastures and secondary forests. The different etsagresented by the secondary
forests, mainly in the second period, are not cl#ars always related to some
abandonment, however potential errors in the dlaatibn need to be considered.
On the other hand, the similar increase in secgnid@ests linked to the decrease in
crops area in the last period suggests that, éntbst part, the cultivated areas were
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abandoned and transformed into secondary forestie wke decrease in primary
forest is related to the direct implementation efvrareas of pasture.

It is also observed that, proportionally, spatiattprns C and D, despite starting
on average 10 years after the other two, lost mareary forest during the period
analyzed than spatial patterns A and B. Certainly,difference in terms of spatial
pattern area and property size plays an importdatin this case. Spatial pattern C
is 70 timessmaller than spatial pattern A and 13 times smétfien spatial pattern B.
In addition, the property size of spatial patternisC9 times smaller than the
properties of spatial patterns A and B and the oaotgopossess the right to clean all
primary forest present on the property. This caplar the relative high loss of
primary forest in spatial pattern C compared toiapahatterns A and B. However,
spatial pattern D (with a total area 15 times semalhan spatial pattern A and 3
times smaller than spatial pattern B, and propefRiganes smaller than those in
spatial patterns A and Bpst almost 80 % of its primary forest in 7 yeaffs o
occupation and displayed a rapid increase in tlopscrarea in the last period
analyzed.As explained above, this is interesting becausg gbatial pattern was
conceived to promote forest conservation, stimogatits occupants to practice
activities linked to the exploitation an timber forest products (NTFP), mainly the
extraction of latex. In addition, the occupantsttif spatial pattern can eliminate
only 20% of the primary forest present on theirgendy. According to the old
inhabitants of this spatial pattern (Edilson Femadatijd'), in 2005 (8 years after
its beginning), 50 % of the first occupants alredelfy their properties. This is
confirmed by data from the questionnaires wheris iverified that 48 % of the
occupants arrived after 1999. This can explain edgoeart of the deforestation in
this period, once each family arrived in the aieaas obliged to cut more than 2 or
3 ha of primary forest present on the property dargntee the family production.
Finnaly is noted the increase of the burned arethenlast period presented by all
spatial patterns, indicating the intensificatiortitd activities from this period.

5.4 Fourth Stage - Cluster Analysis

The fourth stage of this research aimed to seamchdmogeneous groups in terms
of land use and land cover that could be relatatdcspatial patterns analyzed. The
analysis was conduced using the K-means algorithdncansidering two different
types of data: socio-economic data from field syraad land use and land cover
data from satellite images. The first run, using Hocio-economic data from the
household survey, produced two main clusters cporeding together to 89% of the
households analyzed. These two clusters were ésbktd analyzed separately and
the results are presented in Table 5.20.

! One of the first inhabitants of this Spatial Pattarrived before the colonization project (199&)prked
only with cattle
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Table 5.20 Frequency, participation and main chaesistics of the clusters produced by the first ain
the K-means algorithm, (household data)

Main Subsistence: Subsistence Commercial Commercial pasture  NTPE
. Crops Crops Crops Crops Livestock
Cluste 'ireq represetljt’TItlorl Average Average Average Average Average A\ﬁ;ge P/;\(\)lsl:igsn
(t=118) (spatia area production area production  number ha K
patterns) (ha) (kg) (ha) (kg) (ha) (kg)
13t ggz;; 075 4687 038 54080 11149 86.18 7
B )
A (28.5%)
2 5 2(2(12':‘:{/“)) 070 77656 010 8596 1447 15689 2.9
0
D (25%)

Cluster number 1, composed exclusively of househitia spatial patterns A
and B, presents characteristics of cattle ranchewalbse of the number of animals
and pasture area present in this group relativeluster number 2. On the other
hand, cluster number 2, with a higher frequency @mposed of households from
all spatial patterns, presented more general cteistics, with a more significant
production of subsistence crops but less animalssaraller areas of pasture. Given
its general composition, the households of clustenber two were isolated and a
second run was made considering only these howeh®his time, the process
produced four main clusters corresponding togetbhe86 % of the households
present in this second run. Table 5.21 shows thgosition and the characteristics
of these clusters.

Table 5.21 Frequency, participation and main chaeaistics of the clusters produced by the secomd ru
of the K-means algorithm, first approach (housetutsdth)

Fre reprgﬂsezztation S“gffg‘;”“‘ Sugjgggnce Cogrgsgc'a' cogrg’?;c'al Livestock :\;’::%JI’!: A,:‘/Z;Ee
Cluster (t_gg) (Spatial Average Average Average Average  Average Areag Pro duc?ion
~ p area production area production  number (ha) (ka)
pattern) (ha) (kg) (ha) (kg)

39 -
1 (a4%) C (49%) 0.59 60.57 0.08 17.98 1.57 2.05 1.15

17 A41%)

(19%) B(35%) 0.90 144.85 0.07 0.35 25.38 30.70 1.35

3 (12%) D(78%) 0.8 120.83 0.37 3.27 3.35 11.66 26.3

9 0/
4 o AG%) 0.54 47.22 0 0 96  21.66 10
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First, it can be verified that each cluster istedato one or two spatial patterns in
particular, as indicated by the percentage of giggting households from a specific
spatial pattern in the clusters’ composition. lbisserved that, while clusters 1 and 3
are related tepatial patterns C and D, clusters 2 and 4 areegblat spatial patterns
A and B. Moreover, it is also observed that clusieis largely composed of
households from spatial patternddd cluster 4 is almost exclusively composed of
households from spatial pattern Bp to here, as the data used in clustering analysis
is about the economic activities practiced by tleidehold, and each cluster is
related specifically to one or two spatial patteihsvould be logical to think that
each spatial pattern is related to a specific eaconactivity.

The analysis of the characteristics of each clustgyports this observation.
Cluster number 1, composed mainly of households fepatial patterns C (in
particular) and D, is characterized by reducedysasireas and a reduced number of
animals in comparison with the other clusters. Megeg, although it is characterized
by an area and production of subsistence cropslenthbn clusters 2 and 3, the
production of commercial crops is greater than thep clusters, indicating an
influence of spatial pattern C and suggesting arri¢aljural” character to this
cluster. Cluster number 2, composed mainly of hoolsishfrom spatial patterns A
and B and with a minor presence of households frpatia patterns C and D, has
characteristics that suggest that “cattle ranchisghe main activity of this cluster
because of the number of animals and size of pEsttompared to clusters 1 and 3.
Cluster number 3, composed mainly of households fspatial pattern D, is
characterized by an NTFP production greater thaat tf the other clusters.
Furthermore, this cluster presents reduced pastwa@s and number of animals in
relation to clusters 2 and 4. Despite the preseficibsistence crops, this cluster
shows no presence of commercial crops. The aggoegatf these characteristics
suggests and confirms the importance of NTFP etgtion in this cluster, as well as
in spatial pattern D. Cluster number 4, composed ohicomponents from spatial
patterns A (mainly) and B, is characterized by gdamumber of animals and pasture
areas and, similar to cluster 2, is also composaithlynof households from spatial
patterns A and B. In addition, despite the presa@ficibsistence crops, the cluster
does not include areas of commercial crops, suiggeatcharacter “cattle ranching”
of this cluster.

A second test was made using data from the satatliiges. The first run of this
test also produced two main clusters, includingetbgr 89 % of the households
analyzed. These two main clusters were isolatedaawadlyzed separately and their
results are presented in Table 5.22.
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Table 5.22 Frequency, participation and main chaeaistics of the clusters produced by the first ain
the K-means algorithm, (satellite data)

E re r('\e/'saeigtation Primary Secondary Active Abandoned Crops Water Burned
Cluster (t:';.(:le.g) p(SpatiaI Forest Forest Pasture Pasture Area Area Area
pattern) (km2) (km2) (km2) (km?)  (km?)  (km?)  (km?)
1 (72%) A(100%) 13.41 9.10 6.90 5.59 1.11 014 131
A(28%)
2 (78552) ?;Ei?fi 21.08 718 6020 2.63 049 0.65 1.19
0,

D(25%)

Cluster number 1, despite presenting a lower frecyéiman cluster number 2, is
composed exclusively of households from spatiatepatA. The characteristics
presented by this cluster have indicated thatptddbably related to the farms placed
far from the main roadlThesefarms, in general, are smaller than those placed ne
the main road, with an average area between 4®@rith. The isolation of these
properties and the absence of infrastructure (Gi@nand technical), gives an
“abandoned” look to these properties, also becadfishe presence of secondary
forest and abandoned pastur8s. can be observed, these two classes were more
representative in this cluster than in cluster 2is@r number 2, composed of 88 %
of the households analyzed, is divided almost dyjlitween spatial patterns, thus
presenting more general characteristics. Givenr tlggneral character, the
households of cluster number two were isolated andecond run was made
considering only these households. Table 5.23 ptesthe composition and the
characteristics of each cluster produced.

This second run produced five clusters with a Hrglquency. Each cluster was
related to one or two spatial patterns in particatancerning specific characteristics
of each spatial pattern. Cluster number 1, compasaihly of households from
spatial patterns C and D, has characteristics tetatthese two spatial patterns. The
small area of primary forest is maybe related ® phoperties of spatial pattern C
where this class is particularly small. The secondiarest area similar to the area of
primary forest is probably related to the properté spatial pattern D, as there is no
secondary forest of this size in spatial patteriit@& pasture area is probably related
to spatial pattern D, where the pasture area agedahan in spatial pattern C.
Finally, the crop areas are very small and sintibathe area of subsistence crops
observed for these two spatial patterns. Howethés, class presents an area larger
than the other clusters, which suggests the claraailtivation” for this cluster.
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Table 5.23 Frequency, participation and main chaeastics of the clusters produced by the secomd ru
of the K-means algorithm, first approach (sateltitga)

E Main Primary Secondary Clean Abandoned Crops Water Burned
Cluster _fsesq representation Forest  Forest Pasture Pasture Area Area Area
(%88) (spatial pattern) (km?)  (km?3)  (km?)  (km?d)  (km?) (km?) (km?)
49 C(51%) 5
1 (55%) Diaa%) 3.57 2.99 2.51 2.46 0.96 0.05 0.24
2 (930) A100%) 4618 10.67 4.71 578 001 0 110
3 (9%0) A00%) 30,58 771 2850 491 012 0.7 272
4 7 A7) 2389 1891 481 575 032 0.8 3.60
(8%) B(43%)
5 7 B(86%) 478 2781 364 9.96 0.05 035 1.21

(8%)

Clusters 2 and 3 were composed exclusively of haldstfrom spatial pattern
A. These two clusters present distinct charactesispossibly related to the
differences between the farms located away fromrtfzén road and the farms
placed near the main road. Cluster number 2 presbetcharacteristics of the
properties located away from the main road. Thgegiresence of primary and
secondary forest, abandoned pasture area largethbaactive pasture and absence
of crops, giving an abandoned appearance to thegeies locate away from the
main roadOn the other hand, cluster number 3 shows a gratlpless primary and
secondary forest, a large presence of clean pastwrapared to the other clusters
and the presence afops. These characteristics suggest a more dyngroiq,
dedicated mainly to cattle and probably located tie& main road. Clusters 4 and 5
were composed exclusively of households from spadiierns A and B. The cluster
number 4 was composed almost equally of houseladds spatial patterns A and
B. This cluster has the same characteristics ofddranent presented by the cluster
number 2, which is composed exclusively of housd#hdtom spatial pattern A.
Cluster number 5, composed mainly of households fepatial pattern B also
presented a characteristic of abandonment, howeiteriess forest area. From the
field survey, it was observed that the large famsged in spatial pattern B, resulted
from the land concentration process. In the begmrof the establishment, these
farms lost much primary forest mainly to pasturpansion and to a lesser scale to
subsistence crops. The area of crops was quickipddned and generally became
pastureThe area of pastures is enormous and a large ptiscstart to regenerate
before it is exploited for cattle.
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5.4.1 Summary of cluster analysis

The analysis by cluster was applied to find homogsrgroups in terms of land use
and land cover that could be related to the sppt#terns analyzed. The analysis
was made considering two different types of dafzasstely: socio-economic data
from the household survey and land use and landratata retrieved from satellite
images.

The k-means cluster algorithm produced results sbo@port the hypothesis of
this work. Using socio-economic data from the hbot# survey, the cluster
algorithm formed homogeneous groups in terms ofl lase, composed in its
majority by households from a specific spatial @att The main differences found
between spatial patterns were related to the dizgastures, number of animals,
production of commercial crops and production ofHRT The clusters related to
spatial patterns A and B presented areas of pasttea humber of animals larger
than the cluster related to spatial patterns C andH2 cluster related to spatial
pattern C presented a larger production of commleccigs than the other spatial
patterns and the cluster related to spatial paflepnesented a larger production of
NTFP than the others. This suggests that spatitdrpa A and B are both dedicated
to cattle activity in general. Spatial pattern Cdedicated to agriculture. Spatial
pattern D, despite the high production of subsistecrops compared to the other
spatial patterns, can be classified as agriculincededicated to NTFP exploitation.

The analysis using data from satellite images alsggested some differences
between spatial patterns. However, in this casedifferences are more related to
the size of the spatial patterns than to land useiies. While the clusters related to
spatial patterns A and B presented larger foregngyy and secondary) and pasture
(active and abandoned) areas than the clusteteddltaspatial patterns C and D, the
clusters related to the spatial patterns C and &sgmted more areas of crops. This
is not strong evidence, but it also suggests thatial patterns A and B are dedicated
to cattle activity and spatial patterns C and D dmglicated to subsistence
production.

5.5 Fifth Stage - Analysis of Variance ANOVA

The analysis of variance ANOVA was applied as a ¥eagonfirm the differences

observed between the spatial patterns, using lyptbstof data. Assuming that the
distribution is balanced and the difference betwtwen greater variance does not
exceed 9 times the minor variance, the null hypsithevas that there is no
difference between the spatial patterns. In thdelal24 is presented the p-value for
each variable analyzed, the respective Bonferrosti fier each p-value and the
spatial patterns considered different in relationetch variableThe coefficients

calculated for each factor show that the null higpets is rejected for the factors
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average area of subsistence crops (ha), averageofreommercial cultures (ha),
average number of animals and average area of rpasfha). This indicates
significant differences between the spatial pasterelating to these factors. It
confirms the differences already observed in teofpasture area and number of
animals. However, the difference in terms of subsise and commercial crops
areas was not clear, given that in the clusteryaisathe main difference in terms of
crops was related only to the production of subaist crops.

Table 5.24 P-value, Bonferroni test and differestg@rns for each field survey variable analyzed

Factors P-value Bonferroni Different
test Patterns

Average area of 0.0048 0.018 b#c, b#d
subsistence crops (ha)
Averageareaof 4 no4y 0.017 a% b, b ¢, b# d
commercial crops (ha)
Average production of
subsistence crops (kg) 02168 0.867
Average production of 0.4099 1636
commercial crops (kg) ’ '
Average number of azc, azd,
animals <0001 <0004 b#c, bzd
Average area of azc,a#d,
pastures (ha) <.0001 <.0004 b# o, b# d
Average production of
NTFP (kg) 0.4375 1.748

The Bonferroni test confirmed the rejection of thal hypotheses for the same
variables (average area of subsistence crops, geven@a of commercial cultures,
average number of animals and average area ofrpaptand identified the patterns
that are different in relation to these variabliéss observed that, for the area of
subsistence crops, the spatial patterns that Hezatit are: B£ C, B# D. There are
no significant differences between spatial pattekn'sB, A/ C, A/ D, and C / D.
For the area of commercial crops, one observestatatly significant differences
between A% B, B # C, and B# D. For the production of subsistence crops and
commercial crops, there are no significant diffees observed. Finally, for the
variables “number of animals and pasture area’strae differences are observed:
A#C,A#D, B#C, B# D, confirming the differences already observedhia
cluster analysis relating to these variables arddlspatial patterns.

An analysis of variance ANOVA was also applied gdiend use and land cover
data from satellite images. In this case, the Bégianalyzed was the average area of
primary and secondary forest, active and abandgastures, crops area, burned
area and water bodies (Table 5.25). The coeffisieatculated for each factor show
that the null hypothesis is rejected for the vddabaverage area of primary forest
(km?2), average area of secondary forest (km?),aeearea of activpasture (kmz2),
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average area of abandoneasture (km2), average area of crops (km2), andagee
area of water bodies. The burned area is the oatiable that does not present a

statistically significant difference between splgpiatterns.

Table 5.25 P-value, Bonferroni test and differesittgrns for each satellite image variable analyzed

Factors P-value Bonferroni Different
tesi Patterns
Average area of primary forest (km?) 0.0018 0.012 azc,bzc
2 " -, a#b,azc,
Average area of secondary forest (km2) <.0001 0.00* b#c b# d
Average area of active pasture (km?) 0.0006 0.004  a#c,azd,
2 azb,azc,a#d,
Average area of abandoned pasture (km?) <.0001 70.00 bc b#d, c#d
Average area of crops (km2) 0.0035 0.023 azb,bzc
Average area of burned area 0.056 0.392
Average area of water buddies 0.0018 0.012 azc,bzc

These differences observed in terms of class atedged from satellite images
are probably related with the difference in surfatea between spatial patterns.
However, no difference was detected in terms op caoea between the spatial
patterns A and C. The difference in terms of secondarest between spatial
patterns A and B, considered both as being influgnog cattle ranching with
similar property size, suggests a different role $econdary forests, which are
always related with abandoned areas. The ANOVA samniables for every
variable analyzed is presented in the Annex C.

5.6 General household profile of each spatial
pattern

a) Spatial pattern A (fishbone)

Composed of families of five from the Acre State,ondrrived after 2000. The
property is formed in general for one lot (80 hathvB ha of planted area and 1400
kg of production, 40 ha of pasture and 116 he&dsittle. They produce around 10
kg from NTFP, and deforest 3ha per year on avel@gejng at up to 17 ha in same
cases.
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b) Spatial pattern B ((Multidirectional ordered))

Composed of families of four from the south of tleimtry, mainly from Parana
State and who arrived between 1980 and 1996. Téyepty is formed of 2 lots (80
each) minimum with 6 ha of planted area and ar@ittlkg of production, 40 ha of
pasture and 70 heads of cattle. They produce aréudtgdof NTFP and deforest 4 ha
per year on average, arriving at up to 30 ha inesoases.

¢) Spatial pattern C (bi-directional preferential or small scale fishbone)

Composed of families of four from the Acre State &b arrived after 2000.
The property is composed of 1 lot (10ha) with 2figlanted area and 370 kg of
production, 1.5 ha of pasture and 2 heads of caftiey produce around 3 kg of
NTFP and deforest around 0.36ha per year.

d) Spatial pattern D (diffuse)

Composed of families of four from the Acre State aimb arrived between 1997
and 2005. The property is formed of one lot (25k#h 2.5 ha of planted area and
100 kg of production, 7 ha of pasture and 12 hezfdsattle. They produce in
general 16 kg of NTFP and deforest around 1.5 hg gz



Chapter 6

Conclusions

6.1 Synthesis

Changes in land use and land cover are associatbdnginy environmental issues
observed on the earth’s surface. In the last decadeese changes were
unprecedented, mainly in tropical forest areas. Brazilian Amazon, the world’s

largest tropical forest, lost around 200,000 kmpridnary forest in the last ten years
(INPE, 2005). Considering this, and the consequeoaased by this deforestation,
it is important to know and define correctly thepensible agents, aiming at better
public policies that can help preserve the for8strching for indicators that could
help to identify the deforestation agents, somdissj such as Mertens and Lambin
(1997), suggest that every deforestation proceapeshthe forestland in a specific
way, producing a spatial pattern that can be imétegol as indicative of the role of a
set of agents with specific economic activities. &hon this hypothesis, the

objective of this study was to contribute to a éetinderstanding of land change
processes in the Amazon forest, investigating itileages between spatial patterns
of deforestation, as visualized in satellite imagasd different agents and their
specific economic activities. To reach this objeetiour methodological approach
was based on socio-economic data acquired at &holgslevel combined with data

from satellite images. First, different spatialtpats of deforestation were identified
on the satellite images, based on the typologiepgsed by Husson et al. (1995).
Then, some of the identified spatial patterns weotated and analyzed for specific
aspects, with the objective to find indicators tleauld differentiate the spatial

patterns in terms of main economic activities arainagents. Each spatial pattern
was analyzed in relation to its deforestation catieulated through satellite images;
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socio-economic characteristics based on householtey data; and evolution of
land use and land cover based on thematic mapgedefiom satellite images. In
addition, cluster analysis was applied using theicseconomic data (household
survey) and land use and land cover data (satdlitages) in a search for
homogeneous groups related to the spatial pattarrthe end, an Analysis of
Variance (ANOVA) was applied to confirm the diffaces between spatial patterns.

6.1.1 Deforestation analysis

The first stage of spatial pattern analysis focusedhe evolution of deforestation.
Using remote sensing data, the evolution of defatiesm1 was studied over the
period 1990 to 2004. The changes were analyzedhtorentire study area at the
spatial pattern and household levels. At a regiteal, the study area presented an
evolution of deforestation similar to the deforéista presented by Acre State. As
the study area occupied a large portion of the mefirested area of the Acre State,
its deforestation behavior is probably one of thairmcontributions to the
deforestation behavior of the State. Concerningiapgagtterns, the analysis of
deforestation demonstrated that, while spatialepast A and B presented an
evolution of deforestation similar to the behavidrthe entire study area, spatial
patterns C and D presented a particular behavidigating differences in land use
strategies. The analysis at a household level dstraiad that, while in spatial
patterns A and B the deforested area per lot vdrimd 4 ha to 30 ha per year -
suggesting direct openings for pasture expansionspatial patterns C and D the
deforested area per lot varied between 0.36 ($pgaditern C) and 1.5 ha (spatial
pattern D) - indicating openings only for subsisterrops. At last, comparing the
proportion of forest lost inside each spatial pattdét was observed that, while
spatial patterns A and B respectively lost 53 an@®df their primary forest during
the period studied, spatial patterns C and D resmdgtiost 76% and 79% of their
primary forest during the same time. Despite tlifedince in area (and considering
that spatial patterns A and B started around 10syearlier than spatial patterns C
and D), these results suggest that the spatiatrpatiwith medium size properties
(between 80 to 100 ha) that did not suffer an isgeprocess of land concentration
were more stable in terms of primary forest losintithe spatial patterns composed
of smaller size properties, dedicated mainly toifaproduction.

6.1.2 General characteristics of households basedno
household survey data.

The second part of the spatial pattern analysis vea®d on socio-economic data
acquired in the field survey through a questiormakrom this information it was

possible to build a general profile of the mainrageand their activities for each
spatial pattern analyzed.
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a) Spatial pattern A consists mainly of families from the Acre Staté five
members on average and arrived in the region 20@0. Around 85 % are not first
occupants and only 50% having a land title. Thiggests an intensive rate of land
transfer and the presence of a black market fat, lsimce only the properties with a
title can be legally exploited. In general, theamifies possess only one lot, where
the presence of crops is observed, but with cattléhe main activity given the
number of animals and the pasture area.

b) Spatial pattern B (Redencéo) consists mainly of families from thetlsaf
Brazil, who arrived between 1980 and 1996. Around4/Bave a land title and 83%
possess more than 2 lots, and up to 18 lots in stases. Despite the presence of
subsistence crops and in some cases also commerajs, the large pasture area
and high number of animals suggests that this alpadittern is dedicated mainly to
cattle breeding. This is confirmed by the deforsta analysis, where it was
detected that some properties composed of moreZHats had deforested around
30 ha per year.

c) Spatial pattern C, formed by small properties of around 10 ha, isupéed
mainly by people from the Acre State, who arrivéigra2000. Despite starting in
1991, 85 % of the occupants in 2005 declared nbttthe first occupant and 90 %
do not have a land title. This justifies the lowdEof land concentration, where it
was observed that the majority of the occupant&o]7jdossess only one lot. Despite
the presence of subsistence crops, the signifipesduction of a small property
combined with the presence of small pasture aradsaasmall number of animals
suggest a “cultivation” character for this spagalttern.This is confirmed by the
deforestation analysis where most of the occupemtsaround 0.36 ha per year,
which certainly relates to openings for plantations

d) Spatial pattern D is composed mainly of families from the Acre Stttat
arrived at the beginning of the settlement, betw@®17 and 1999. However, 75 %
of the inhabitants declared not to be the firstupants, suggesting a fast process of
land transfer that started in the beginning ofgbtlement. The analysis of land use
data revealed an intermediate situation. It wasolesl that the planted area, the
pasture area and the number of animals were hitfeer in spatial pattern C
(considered “cultivation”) and smaller than in sphpatterns A and B (considered
“cattle”). The analysis of the deforestation shovikdt, on average, families cut
around 1.5 ha per year, probably for crop expangditmwever, the area of pastures
present in the lots also suggests openings fohragc

6.1.3 Evolution of land use and land cover

The land use and land cover change analysis baséteahematic classification of
satellite images was not conclusive in terms ofedintiation between spatial
patterns. However, it revealed a situation whem different spatial patterns of
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deforestation analyzed in this study, independésize, planning and main activity,
ended up evolving following more or less the samsnds. In general, it was
observed that in the first period, there was aetes® in primary forest in response
mainly to the increase in crops and pasture atadbe second period, there was a
stabilization of the primary forest, crops and pestareas. And in the third period,
there was a strong decrease in the crops and prifoegst areas, following the
increase in secondary forest and pasture areasin€rease in the secondary forest
is related mainly to the abandonment of the culéigigparcels while the decrease in
primary forest is related mainly to direct openinfgs pasture expansion. This
suggests the absence of good conditions (infrastreicfinancial and technical) to
keep the original design of each spatial pattecompelling occupants to follow a
livelihood scheme where 1 or 2 ha of primary forisstut per year to keep the
subsistence crops and the cattle. This played goriant role as a guarantee of
income for households. This absence of “conditions” confirmed by the
questionnaire answers, where more than 80 % ofhailseholds interviewed
declared working the land without any financialtechnical aid. They also declared
that the roads are impracticable in the rainy seasdtere many of them stay
isolated in the foresThe presence of pastures and cattle can also leevells(to a
greater or lesser extent) in all spatial pattemayaed, confirming the role of cattle.
The deforestation analysis per lot showed thageimeral, each lot visited cut around
1 or 2 ha per year of primary forest for subsistetitops. Some properties in spatial
patterns A and B were cutting much more, indicatiirgct openings for pasture
expansion.

6.1.4 Cluster analysis

The analysis by cluster aimed at finding homogeragoups in terms of economic

activity related to the spatial patterns. The asialywas made considering two

different types of data: socio-economic data from household survey and land use
and land cover data from satellite images. The mesnlts were produced using the
socio-economic data from the household survey, &bpecific groups related to the

spatial patterns were formed.

Independent of the spatial pattern, all groupsepreesl areas and productions of
subsistence crops at the same scale. The maimetitfies detected between spatial
patterns were related to the size of pastures, eurob animals, production of
commercial crops and production of NTFP. The chgstelated to spatial patterns A
and B were characterized by a combination of lamgasaof pasture with a high
number of animals, greater than the clusters reétatpatial patterns C and D. On
the other hand, while the cluster related to spat#tern C presented a greater
production of commercial crops than the others,clhster related to spatial pattern
D presented a greater production of NTFP than thers. The analysis using land
use and land cover data from satellite images vedsvery conclusive, but also
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detected some differences between spatial pattéhes.clusters related to spatial
patterns A and B presented larger forest (primad/setondary) and pasture areas,
than the clusters related to spatial patterns Cndhile the clusters related to
spatial patterns C and D presented a larger aremp$. Considering the difference
in size between the spatial patterns, these resudigest that, while spatial patterns
A and B are both dedicated to cattle activities eneral, spatial pattern C is
dedicated mainly to agriculture and spatial patf2sifiollowing its original concept,

is dedicated to subsistence crops the exploitatfdiT FP.

6.2 Main findings

The main question of this research was: Is thdirdkage between spatial patterns of
deforestation visualized by satellite images anecsic economic activities? The
results obtained through the proposed methodolagpctty address this question,
suggesting that the different spatial patternseibiestation found in the study area
can be related to specific economic activities.l&ah1 shows the main economic
activities of each spatial pattern and the infororaabout deforestation related to
each area. Nevertheless, the results have indithte the spatial configuration is
not a consequence of its main economic activityeyTkuggest that the spatial
configuration is linked to the settlement projeldbe main economic activity in the
spatial patterns is a consequence of a set ofrfastwh as: size of property, location
and disposition of the property, presence or alesefiénfrastructure (road, market,
transportation, economic and technical). The f@atial patterns analyzed were part
of the same government settlement program, eachwithea specific history and
purpose. However, due to the unsuitability of tha@l $0 support permanent
agriculture without adequate management and witlfodstructure to keep the
proposed activity for the settlement going, catiktame an important activity,
thanks to its financial guarantees and easinespa&a@d to plantations - independent
of the spatial pattern and the property size.

More than 80 % of the households visited declaradreceiving any financial
support and more than 90 %, any technical assistdviore than 90 % declared that
the roads are impracticable during the rainy seaSoionists located far from the
main road declared not having transportation or esomay of delivering their
production. More than 90 % of the households wkitecluding on small and
medium properties, declared to be obliged to abanle cultivated parcels because
of the low fertility of the soil and consequenthetlow agricultural productivity, and
also to be obliged to cut up to 2 ha per year @fhary forestto keep up the
productivity of the subsistence crops. The abandgaecels in general are directly
transformed into pasture or left to evolve intoeaandary forest. This behavior is
confirmed by the land use and land cover changéysinausing satellite images,
where an increase in cultivated parcel areas iffithteyears was observed, followed
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by an abrupt decrease in primary forest area inlakeyears along with a strong
increase in pasture and secondary forest area.

Table 6.1 Main activity and deforestation infornoatifor each spatial pattern of deforestation

% of forest

Spatial pattern Main economic  Secondary lost Deforested area
activity activity between perlot, peryear
1990 - 2004

Subsistence

Spatial pattern Cattle ranching crops and 53 from 3 up to 17
A exploitation of ha
NTFP
Subsistence
Spatial pattern Cattle ranching and _ 64 from 4 up to 30
B commercial ha
crops
Spatial pattern Subsistence and Small scale from 0.36 up to
. o 76
commercial crops livestock 0.48 ha
Spatial pattern Subsistence crops Small scale
D and exploitation . 79 upto 1.5 ha
livestock

of NTFP

There are indications that the land concentratisn played a role in the land
change of this area. The concentration of landiérfted the increase of extensive
activities due to the availability of land and thaccelerated the deforestati@ome
spatial patterns are apparently more subject td tamcentration than others. For
example, spatial pattern B, with a singular configion presented a strong
concentration of land compared to the other spatitglerns. The properties of this
spatial pattern are disposed in a radial configomathat may influence this trend.
Another possibility is the origin of the househthét composed this spatial pattern.
Differing from other spatial patterns analyzed,te&bgattern B is composed in its
majority by households coming from the south of¢hantry.However, this linkage
is not clear. Despite presenting a different camfigion, spatial pattern A having
similar property sizes also presented indicatidnarmd concentration, however less
than forthe spatial pattern B and with less forest lostsTdan be an indication that
settlements with property sizes around 80 ha, withraditional configuration
(fishbone) and low land concentration can be mtabls in terms of primary forest
loss than other spatial configurations and smattleseents. The analysis of
deforestation showed that spatial pattern A withpprties sizes similar to those in
spatial pattern B, but with less land concentratlost less primary forest than the
other three spatial patterns. In this case, thenimhtion projects should be
monitored intensively. Colonization projects withanonitoring can easily deviate
from their original goal and thus increase and kecate deforestation. In addition,
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the results suggest that the settlements compdsenhall properties, between 10
and 30 ha, can lead to more deforestation thanumegiroperties (80 to 100 ha).
Spatial patterns C and D, composed of small praggehad lost, in the same period,
more primary forest and faster than in spatial ggat A and B, with medium
properties. In the case of spatial pattern C, is layelated with the very small
property sizes and with the permission to cut thteéearea of primary forest present
in the property. On the other hand, it is importannote that spatial pattern D lost
more primary forest (79%) than the other spatidtegpas in the same period.
Comparing with the other spatial patterns, spatistigon Dis the most recent (1997)
and the only one conceivedth conservation objectives. However, given th&lto
absence of infrastructure (roads quality, techniaatl financial support) and
monitoring, this spatial pattern presents high gaié land transference (50 % of
households are not the first occupants and aron&o5arrived after 2000) and
continuous growth of pasture are&sirthermore, this spatial pattern is served by a
dirt road, which is impracticable in the rainy seasnd is located 40 km from the
main road (BR163). This is evidence against somelgsionis from researchers
(Laurence, et al., 2001; Nepstade et al., 2001rnSede, 2002; Kirby et al., 2006)
that identify roads as the greatest vector of thea2on deforestation.

At last, these conclusions should be consideredy dok this region.
Extrapolating these observations to the entire Amemn basin would be a mistake.
The Amazon tropical forest is a huge area and iy tieterogeneous in terms of
deforestation processes, agents involved, infrelstre conditions (transport
networks, road conditions, markets, schools, watet electricity supply). Further
investigations will be required to generalize theseclusions to other regions of the
Amazon Basin.

6.3 Methodological discussion

This study combined spatial information from sétielimages with socio-economic
data from a household survey to explore the linkagetween different spatial
patterns of deforestation and specific economitvities as a way to gain a better
understanding of the changes in the Amazon fofEsis combination between
socio-economic and remote sensing data seemed tteehmost effective approach
to understand land use and land cover changes d€tost2007). Furthermore,
socio-economic data can be used to improve intefioa of remotely sensed data
(Rindfuss and Stern, 1998). However, linking peofsecio-economic data) to
pixels (satellite images) raises some methodolbgitallenges that this study tried
to address. The critical question is where to geoeace the individuals or other
social units and which unit of study to use (hoadg&hcommunity, village, region).
Rindfuss et al (2003) argue that the link betweaspfgeand land has to be designed
differently in different settings. According to gee authors, there are no universal
theories or formulas to determine the link needdust methods for linking people to
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land should be responsive to the needs and consglitbthe research at hand. This
study aimed at analyzing spatial patterns of dstat®n, thus the unit adopted was
the household that composes the spatial pattemnK the household visited in the
field survey with the information from satellite &mges, the GIS technology was
used. First, the satellite images and the properiy (available in the National
Institute for Agrarian Reform - INCRA) was georrefered and registered in the
same spatial database. Then each household vaitdyeorreferenced with GPS
coordinates in the field survey was associatedstaeispective lot on the property
grid. As a consequence, the socio-economic infaomdrom the household survey
data and the land use and land cover informatiom fthe satellite data were
associated to a specific area on the ground.

The link between people and pixel provided muchorimiation about the
households. To explore this information, a multisge statistical technique was
used. A recent article (Lesschen et al., 2005)kesithe multivariate techniques as
most useful to explore data for land use and leoder change. In search for
homogeneous groups inside the data, we used @richrslysis, testing the K-means
algorithm. Interesting research about tropical teftation was carried out based on
cluster analysis (i.e. Pichon, 1996; Lambin, 20B&wder et al. 2004), most of
them using the K-means algorithm. For this works ttluster algorithm produced
good results, finding homogeneous groups in teritanal use that could be related
to the spatial patterns.

6.4 Methodological limitations

Due to the importance of the field survey for thype of study and the lack of
experiences in linking people to pixel at a housdhevel, we highlight here some
limitations affecting this study. At a household&dé a land use and cover change
study needed to be supported by a well conductdd §urvey. However, as was
reported in the methodology, given that linking 8pke to pixels” is a relatively new
scientific method, still without standards abou¢ thecessary requirements for an
ideal field survey, we designed the survey on @ldfexperience, counting mainly
on the aide of local contacts to complete the misshlthough we have produced an
important set of field data, including more thamumdred interviews, GPS points for
the land use classification, and discussions wigly kersons, it is difficult to
evaluate the precision of the data acquired irfidte survey. Given the absence of a
sufficient financial support, trained people, airde, it was not possible to apply
procedures to evaluate systematically the precisidhese data.

Another methodological issue is related to the eammuof the property grid used.
Despite being an “ideal” view of the landscape #reproperties, and providing an
entirely new capacity to observe the land covemgbaat a household level, the
accuracy of the property grid in relation to thespdisition and shape of the
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properties is a challenge. Some factors such asatdeatures (topography, rivers)
and neighbour relationships are not consideredhbyproperty grid and influence
directly its accuracy. This problem was minimizezhsidering that there are no
great topographic variations or other natural fesguthat could influence the
disposition or size of the properties. We also US&S points at strategic places in
the property, such as the lateral borders, plamsti pastures and dwellings.
However, to guarantee an optimum precision betwe®ayges, grid property and
ground data, a very large GPS survey would be reduio determine exactly the
borders of properties.

At last, besides these methodological issues, thim timitation of this study
was that it was carried out only for one site ia luge Amazon basin. The intent of
this study was to analyze spatial patterns of déstation that can be identified in
many tropical forests in the world. However, studybnly one site, the results and
derived conclusions cannot be extrapolated to otbiggs. Attributing these
conclusions to other sites would not be valid withgpecific data and field
knowledge.

6.5 Perspectives for further research

It is imperative that further works investigate exttsites. The same spatial patterns
needs to be observed in different sites and cantex®nly after knowing the
dynamic of these spatial patterns in other regiaseswill be able to address specific
characteristics for determined spatial patterres imore general sense.

The sensitivity of some spatial patterns to paldiciconfigurations of land
concentration needs to be better investigated. i@ppattern B, with a radial
configuration, presented strong process of lanctceotmation relative to the other
spatial patterns. The situation suggests a relgtiprbetween the disposition of the
properties and land concentration. However thiati@h was not clear and future
investigations are required to better understaisditikage.

Some questions remain to be answered for futuares. Why spatial pattern
D, while younger and conceived with a specific fdreonservation goal, and more
distant from the main road, lost more primary foithan the other spatial patterns
during the same period? Certainly the absence rdstriicture observed in the field
survey, plays an important role.

Finally, this kind of study has also applicatiors fleforestation modelling.
Once land use associated with these spatial pattsronderstood, further studies
involving modelling could use the spatial patteassa spatial indicator of specific
land use and rates of deforestation. It could itatd the interpretation of the spatial
data through a modelling approach and perhaps weptlee precision of model-
based projections.
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6.6 Scientific contribution

Despite the large amount and variety of land uskcamver change studies, many of
them investigating spatial patterns of deforestattbis is the first time that spatial
patterns of deforestation, were analyzed from secimnomic data acquired at a
household level and combined with land use and leaner change data from
satellite images. Before, scientists could only ssgguch linkages (spatial patterns
vs. land use). With the methodology adopted in thgearch, it is now possible to
investigate this linkage in depth. Specificallye timtegration of land use and land
cover data derived from satellite images and sectmomic data from a household
survey for a specific area has demonstrated thdicappity of this method to
provide a broader picture on land use and defdrestdor an specific area. As
argued above, these results have also implicatfonsdeforestation modelling.
Based on these results, modelling techniques contdlove the representation and
prediction of colonization trajectories.

Moreover, some of our results have other scieniifiglications. The hypothesis
about the role of roads in deforestation is questio The discussions about the
predominant influence of roads on rates of defat@st have increased after
researchers suggested that the opening of new iradithe improvement of the
quality of old roads drastic increase the rate eforkstation in the Brazilian
Amazon. Linking exclusively deforestation with re@adould be a mistake. The
results demonstrated that the low quality of roaals general infrastructure, and the
absence of conditions (financial and technicalstabilize the households on the
property and to maintain agricultural productioraatertain level have an important
impact on deforestation in the area. A significanmber of people live in the
Amazon region. Depriving them from development apyuties and access to
markets will certainly worsen their socio-econominditions

6.7 Policy implications

If these results can be confirmed in other sithgy twill have implications for
policy. With the perspective of recognizing specifand uses and other spatial
indicators through the analysis of spatial patt@fndeforestation visualized through
satellite images, policy makers will be able to gate different diagnostics of the
causes and dynamics of deforestation for differegions and then address adequate
occupation policies for these specific areas. Meeeobetter understanding the
relationships between spatial patterns of defotiestaand land use activities will
help to comprehend how each specific area will fieceed by an economic or
occupation policy. Calibrations or adjustments of §holicies to specific local
situations could then be considered. Furthermoneletstanding the role of the
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spatial configuration and the size of the propesty the settlers’ development
process will help to better design future settlenpeojects in the Amazon region.

Finally, the results suggest that colonization ettlsment projects without
financial and technical aide will increase defaaien and poverty. Future
occupation policies for the Amazon basin shoulgeesthe original purpose of the
settlement and the occupants need to be assistédhay develop a sustainable
land use. Only with investments in infrastructu(esy. transport, market, energy,
water), aid (e.g. financial and technical assigqrand field monitoring, will it be
possible to stabilize the families in the field lwiignity, to control the process of
land concentration and thus better control defatist rates.
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Questionéario de Campo — Acre 2005

1- InformagGes Basicas

- Cédigo do Padréo Data da entrevista

- Travessao Municipio

- Latitude Graus inMtos Segundos

- Longitude coordenadas da frente do lote
Graus Minutos Segundos

- Entrevistado

Sexo ( ) Idade( ) Escolaridade ( )

- Responsavel pelo lote

Sexo ( ) Idade( ) Escolaridade ( )

Origem: () Acre (onde?) ( westado

Procedencia: () Acre — 1-cidade, 2-zona rur@l )outro estado — 1-cidade, 2-zona
rural

(' )outro lote — 1-mesma regido, 2-owdgido, qual?
- Porque deixou o lote anterior?
- Qual a localizacéo do lote anterior?

- Quando chegou no lote, quanto dele ainda eradia?
( )todo, ( )mais da metade, ( )metade, nmenos da metade

- Atividades do lote hoje:
- Agricultura: () familiar ( ) renda

- Pecuaria ( ) Corte () leite
- Extrativismo () sim ( ) néo
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2 - Histérico do Lote

- A propriedade é: ( )comprada ( )alugada )atrendada
( )adquirida ( )invadida Joutros
- Quando chegou ao Lote: / /

- Valor, forma de pagamento e data :

- Tempo: (alugou, arrendou, recebeu o lote por puampo ?)

- Observacdes:
3 — Pessoal e Forca de trabalho ENS= Entrevistado ndo sabe
NUmero em 2005 Em 1999 era: Em 1995 era: 1.
Pessoal e Forca de 1. mais importante, | mais importante,
trabalho 2. menor, 3.0 2. menor, 3.0

mesmo, 4. ENS mesmo, 4. ENS
comparado a 2004 | comparado a 1999

Numero de pessoag
que moram no lote
Numero de trabalho|
assalariado usado
Numero de parentes
usados
Numero de pessoas
de fora do lote

4 — Insumos e equipamentos agricolas

Insumos 2005 1999 1995

Fertilisante

Herbicidas

Inseticidas

Fungicidas
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Equipamento Agricola 2005 1999 1995

Enxada

Foice

Trator

Pulverizador

Serra Elétrica

Cédigo de insumos equipamentos 1=sim 0 =nao

5 - Agricultura

- Vocés cultivaram algo em 2005 ? (sim) jnéo

- Vocés tem cultivado continuamente desde a agagio lote ? (sim)  (ndo)

- Vocés possuem algum tipo de financiamento ? (sinfnéao)
Qual: Valor

- Vocés recebem alguma orientacdo de plantio gleva instituicdo ou ONG ?
(sim) (ndo) Qual~?

- Esta orientacéo teve continuidade nos anos pags? (sim) (ndo)

Quais as Areaen°do | Emrelagdo a 1999: 1maior,| 1-Renda
principais culturas| sketch map 2 menor, 3igual, 4 cultura | 2- Subsistencia
do lote hoje nao cultivada

- Vocés tiveram algum tipo de financiamento ema1®%sim) (n&o)
Qual: Valor
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- Vocés receberam alguma orientacédo de plantialgiena instituicio ou ONG em
1999 ? (sim) (ndo) Qual?

- Esta orientacéo teve continuidade nos anos paser(sim) (ndo)

Quais as Area e n° do Em relagdo a 1995: 1maior,| 1-Renda
principais culturas sketch map? 2 menor, 3 igual, 4 cultura | 2- ubsistencia
do lote em 1999 ndo cultivada

- Vocé poderia nos estimar qual foi a producaoa pa culturas do lote ?

Em relacdo a 1999: 1maior, 2| Em relagdo a 1995: 1maior
Culturas 2005 menor, 3 igual, 4 cultura ndo | 2 menor, 3 igual, 4 cultura
cultivada né&o cultivada

- Indique a proporc¢éo de sua producéo que foi dendirante os seguintes periodos

Cultura 2005 1999 1995
Cédigo: 1=nehuma 4=mais que a metade
2=menos que a metade 5=tudo

3=metade 6= ENS - Entrevistado sdbe
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- Vocé faz rotacéo de culturas ? (sim)  (nadgmpo ?

- Qual a ordem das culturas ?

- Vocé costuma abandonar as areas de culturas} (s(ndo) ?

- Se sim, apos quanto tempo de uso ?

- Qual o principal motivo ?

- Quando uma area é abandonada, uma outra de tdlovigem é aberta
(sim) (n&o)

- Qual o tamanho médio da nova area aberta?
- Qual o tempo que se leva para abrir uma areasi@st

- Areas que ja foram abandonadas (floresta seciajdsoltam a ser utilizadas ?
(sim) (nao)

- ApGs quanto tempo uma area abandonada voltaidikesda ?

- Oque te incentiva a plantar ?

() bom negocio () protecéo do lote
() terra disponivel () financiamento
() rendimento () outros

- Que culturas vocé gostaria de plantar no futd@adp o contexto atual ? Porque ?
6 - Pecuaria

- O lote possui cabecas de gado? (sim) (n@ojte ( ) Leite( )

- Oque te incentiva a criar gado ?

() bom negocio () protecéo do lote

() terra disponivel () financiamento
() rendimento () outros



12¢

Qual o numero de | Em relagdo a 1999: 1maior, Em relacdo a 1995: 1 maior,
cabecgas hoje 2 menor, 3 igual 2 menor, 3 igual

Qual a area de Em relacdo a 1999, a area erd: Em relacdo a 1995, a area era:
pastagem hoje 1-maior 2- menor 3 —igual | 1-maior 2- menor 3 —igual

- Que tipo de forrageira vocé costuma usar comtagam ?

- E feita a rotagdo (sim) (n&o). A cada qaaempo ?

- Vocé costuma abandonar as areas de pastagem)? (sBo) Apds quanto tempo ?
- A area abandonada volta a ser reutilizada? (sf{n§o) Apds quanto tempo ?

- Qual a frequéncia que se broca a floresta péaaroais pasto ? Quanto ?

- Vocés possuem algum tipo de financiamento ? (sinfnao)
Qual: Valor

- Vocés recebem alguma orientacdo de criacdo gdenal instituicdo ou ONG ?
(sim) (ndo) Qual?

- Esta orientacao teve continuidade nos anos paster (sim) (nao)

- Vocé possui algum espécie de auxilio para vesdaiproducgédo (sim) (néo)

Qual:

- Como:
7- Extrativismo (NTFP)
- Seu lote colheu NTFP em 2004 ? (sim) (n&o)

- Distancia ou Tempo gasto para acessar 0os produtos
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Produtos | Distancia ou tempa Em relagdo a 1999: 1maiorn, Em relacéo a 1995:
NTFP entre o lote eo 2 menor, 3 igual, 4 produto| 1maior, 2 menor, 3 igua
local de colheta ndo extraido 4 produto ndo extraido
- Quantidade
Produtos | Quantidade | Em relacdo a 1999: Em relacédo a 1995:
NTFP coletada em| 1maior, 2 menor,3 igual 1maior, 2 menor, 3 igual
2004 4 produto ndo extraido| 4 produto ndo extraido
- Venda
Produtos Quantidade Em relagdo a 1999: Em relagdo a 1995:
PFNM vendida em 2004 1lmaior, 2 menor, 3 igual, 1maior, 2 menor, 3 igual,

4 produto ndo extraido

4 produto ndo extraido

- Onde é feita a colheita de PENM ?

( )dentro do proprio lote. Qual a distancia/tefp
( )outro lote. Onde e distancia/tempo

- Vocés possuem algum espécie de auxilio para vesudeprodugdo

(sim)

(ndo) Qual:

- Vocés recebem algum tipo de incentivo para paaticextrativismo ?

(sim)

(ndo) Qual:

- Atualmente, oque te incentiva a praticar o ektieho ?



() bom negocio
() terra disponivel
() rendimento

- Vocés costumam plantar arvores  (sim) ( nédo)

- Qual 0 motivo :

() comercio
() consumo

() comércio e consumo
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() protegéo do lote
( ) financiamento

() outros

() protecéo do lote
( ) outros

Espécies
plantadas

Quantidade e/oy

area plantada em 1maior, 2 menor, 3 igual| 1maior, 2 menor, 3 igual,
4- produto néo extraido | 4- produto ndo extraido

2004

Em relagdo a 1999:

Em relagdo a 1995:

- Vocés possuem algum tipo de incentivo para piarsores ?
(sim) (ndo) Qual e que tipo

-Vocés recebem alguma orientacdo de plantio gleva instituicdo ou ONG ?

(sim) (ndo)

Qual ?

-Esta orientc¢éo teve continuidade nos anos pos$eri(sim) (nao)

8 - Extracdo Seletiva de Madeira

-Vocés costumam fazer a extracdo seletiva de naafin) (no)

- Esta madeira é comercilaizada ? (sim) (néo)

em 2004

Quantidade extraida

Em relacdo a 1999, a
gquantidade: 1maior, 2 menor,
igual, 4- produto ndo extraido

B quantidade: 1maior, 2 menor, B

Em relagdo a 1995, a

igual, 4- produto ndo extraido
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- Qual o principal motivo que o leva a extrair Miadela floresta ?:

() bom negocio () protegéo do lote ( mbostivel
() madeira disponivel () financiamento (outros
() rendimento () necessidades

- Quem faz a derrubada e extracado da madeira detse®
() pessoas que moram no proprio lote  ( ngifanarios da madeireira interessada
() funcionarios da madeireira e pessoas do lote

- A areas de seu lote onde vocé retira a madaesiyumam se transformar em area
para cultura ou pastagens ? (sim) (n&o)

9 — Cooperativa e associagcao
- Vocé participa de alguma cooperativa ? (simgojnQual ?

- Qual a natureza da cooperativa : () publica ) frivada
( ) colonizacdo ( ) producado

- Qual o papel da cooperativa?
- Para vocé, quais as vantagens em participar decopperativa ?

- Vocé acredita que esta cooperativa realmenteribahntcom os colonos?
(sim) (ndo) Porque ?

- Além da cooperativa, existe alguma outra ingtéaiou sindicato que auxilia os
colonos ? (sim) (ndo) Qual ?

- Como funciona ?
- Vocé conhece alguma ONG que atua na Regido ? (¢map). Qual ?
10 - Infraestrutura
- O lote é servido de agua encanada (sim) (4l a procedencia?

- Vocés tem problema de falta de agua em algunegi@do ano?(sim) (nao).
Qual ?

- Este problema afeta de alguma maneira a prodatie do lote ? (sim) (nao)
-Como ?
- Nas épocas de seca, vocé faz irrigacdo ? (imdp). Como ?
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- O lote possui energia elétrica ? (sim)  (n&o)
- De onde vem a energia elétrica?

Na sua opnido, em que condi¢cBes estdo as segegttadas da regido

Estradas estado| Em relacdo a 1999, o | Em relacdo a 1995,
da estado era 1melhor, 2 | estado era 1melhor, 2
estrada | pior, 3 igual, 4 estrada| pior, 3 igual, 4 estrada

nao existia nao existia
Cadigo do
estado das estradas: 1=excelente 4=ruim
2=hoa 5=pécima
3=regular 6NE - Entrevistado ndo sabe

- Distancia do lote a via principal:

- A regido é servida de posto de saude (sim) o). @ual ?

- Qual a distancia do lote ao posto de saude maisnpo ?

- Aregido é servida de escola (sim) (nédo). Qual

- Qual a distancia do lote a escola mais préxima ?

- A regido é servida de algum mercado ou vendg) (sjn@o). Qual ?
- Qual a distancia do lote a venda ou mercado praidmo ?

- SKETCH MAP (Croqui)
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Figure annex 2.1 Land Use / Land cover Map 1990
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Figure annex 2.2 Land Use / Land cover Map 1997
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Figure annex 2.3 Land Use / Land cover Map 1999
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Annex C

ANOVA Tables



1 — Subsistence crops area (ha)

ANNEX C ANOVA TABLES

Sum of Mean of -
F-statistic Pr-value
Squares Squares
Between 31.3466 10.4488 4.55 0.0048
Within 259.5045 2.2965
Total 290.8511
2 — Commercial crops area (ha)
Mean of -
Sum of ean o F-statistic  Pr-value
Squares Squares
Between 104.37872 34.792905 4.61 0.0044
Within 860.99676 7.5526031
Total 965.37547
3 - Subsistence crops production (kg)
Mean of -
Sum of ean o F-statistic  Pr-value
Squares Squares
Between 389920710 129973570 1.51 0.2168
Within 9.839E+09 86309752
Total 1.023E+10
4 — Commercial crops production (kg)
Mean of -
Sum of ean o F-statistic Pr-value
Squares Squares
Between 98093196 32697732 0.97 0.4099
Within 3.846E+09 33737427
Total 3.944E+09
5 — Average number of animals
Mean of -
Sum of ean o F-statistic  Pr-value
Squares Squares
Between 207242.25 69080.749 13.83 <.0001
Within 569609.18 4996.5717
Total 776851.43
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6 — Average area of pastures

Mean of .
Sum of €ano F-statistic  Pr-value
Squares Squares
Between 40152.76 13384.253 8.66 <.0001
Within 173060.02 1545.1788
Total 213212.78

7 — NTFP average production (kg)

Mean of -
Sum of F-statistic Pr-value
Squares Squares
Between 3078.5214 1026.1738 0.91 0.4375
Within 128254.9362 1125.0433
Total 131333.4576
8 — Primary forest area (km?)
Mean of .
Sum of F-statistic Pr-value
Squares Squares
Between 3.4744643 1.1581548 5.37 0.0018
Within 22.444561 0.2158131
Total 25.919025
9 — Secondary forest area (km?2)
Mean of -
Sum of F-statistic Pr-value
Squares Squares
Between 19899.442 6633.1473 10.22 <.0001
Within 67514.094 649.17398
Total 87413.536
10 — Crops area (km?)
Mean of .
Sum of F-statistic Pr-value
Squares Squares
Between 204.65763 68.21921 4.84 0.0035
Within 1466.5424 14.101369

Total 1671.2
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11 — Active pasture area (km?)

ANNEX C ANOVA TABLES

Mean of

Sum of F-statistic Pr-value
Between 20541.456 6847.1519 6.29 0.0006
Within 113279.48 1089.2258
Total 133820.93
12 — Abandoned pasture area (km?)
Mean of -
Sum of F-statistic Pr-value
Between 14984.65 4994.8832 15.97 <.0001
Within 32523.3 312.72404
Total 47507.949
13 — Burned area (km2)
Mean of -
Sum of F-statistic Pr-value
Between 264.89952 88.299841 2.59 0.056
Within 3541.0009 34.048086
Total 3805.9004
14 — Water (km?)
Mean of -
Sum of F-statistic Pr-value
Between 3.4744643 1.1581548 5.37 0.0018
Within 22.444561 0.2158131
Total 25.919025
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AC - Acre State

AM - Amazonas State

ANOVA - Analyze of Variance

CIFOR - Centre International de Recherche sur les Fo@&stér for International
Forestry Research)

CVRD - Compania Vale do Rio Doce (Vale do Rio Doce Company)

ENIDs - Eixos Nacionais de Intergracdo e Desenvolvim@iadional Axes of
Integration and Development)

ETM - Enhanced Thematic Mapper

FAO - Food and Agriculture Organization of the Unitéations

FRA - Forest Resource Assessment

GIS - Geographical Information System

GHG - Greenhouse gases

GPS- Global Position System

IBAMA - Instituto Brasileiro de Meio Ambiente (Nationaktitute for
Environment)

IBGE - Instituto Brasileiro de Geografia e Estatistisat{onal Institute for
Geography and Statistics)

IGBP - International Geosphere-Biosphere Program

IHDP - International Human Dimension Programm on Gldbalironmental
Change

INCRA - Instituto Nacional de Colonizacdo e Reforma AgréNational Institute
for Colonization and Agrarian Reform)

INPE - Instituto Nacional de Pesquisas Espaciais (Natitnstitute for Space
Research)

IPCC - Intergovernmental Panel on Climate Change

LBA - Large Scale Biosphere and Atmosphere Experinmetiitsi Amazon
LUCC - Land Use and Cover Change Program

NET - Neoclassical Economics Theory

NGO - No Governmental Organization

NTFP - No Timber Forrest Products

PBA - Programa Brasil em Acéo (Brazil in Action Program)

PIN - Progama de Integracdo Nacional (National IntagnaProgram)

PND - Plano Nacional de Desenvolvimento Econémico @gb@National Plain for
Socio-economic Development)

PPG 7- Pilot Program for Brazilian Tropical Forest Pidten

PRODES- Programa de Monitoramento do DesflorestamenttoBta Amazonia
(Monitoring the Brazilian Amazon Gross Deforestation

PROTERRA - Programa de Redistribuicdo de Terras (Land Réulision
Program)

RD - Ronddnia State

SIVAM - Sistema de Monitoramento da Amazdnia (AmazoniMdng System)
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SPRING - Sistema de Processamento de Informacdo Geanefada
(Georeferenced Information Processing System)

SUDAM - Superintendéncia de desenvolvimento da Amaz&uperintendence for
the Amazon development)

TM - Thematic Mapper

UNCED - United Nation Conference on Environment and Dewelent

UNFCCC - United Nations Framework Convention on Climate Gjgan

ZEE - Zoneamento Ecolégico Econdmico (Ecological EcoitaZoning)
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