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Demographic and Socio-Economic Drivers of Deforestan in the Brazilian
Atlantic Forest: A GIS Integration of Census and Renote Sensing Data at
Different Spatial Scales$
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Summary:

In this paper, | present and discuss the methogichogl the main findings of my PhD thesis, submiited
2004 at University of Campinas-UNICAMP, Brazil. this article, | develop an analysis on the socio-
demographic factors associated with land cover ghaand deforestation processes in the Ribeira YWalle
watershed, a region that concentrates the largestants of the Brazilian Atlantic Forest.

The main objective of the paper is to analyze tble 0f demographic dynamics and socio-economic
development upon deforestation processes overasielb years at regional, municipal and censusstrac
levels. | also look at the role of conservationtsirand topography on deforestation. First, | presen
description of the different factors associatedhvitie processes of land cover change and defdosstat
(demographic and socio-economic factors, topograpad infra-structure, conservation units) in eliént
spatial scales: sub-regions, municipalities andrepnategories. Afterwards, | analyze the fact@soaiated
with land cover change and deforestation procestséhe level of census tracts.

The methodology for the analysis integrates soeimagraphic data (from the Brazilian demographicsasn

— 1991 and 2000) and land cover change data (faigllise images — Landsat TM), at different levefs
aggregation (spatial scales), in a geographic inébion system (GIS).

Introduction

One of the key contentious issues in global envirental change research relates to the
major human causes and drivers of land cover chamgdifferent geographical and historical
contexts. In this sense, a great effort has beete nmidentify and explain the causes and drivérs o
deforestation, especially in tropical regions (All& Barnes, 1985; Walker, 1987; Rudel, 1989;
Lambin, 1994, 1997; Lambin et al., 2001; Sponselal, 1996; Rudel & Roper, 1996, 1997;
Kaimowitz & Angelsen, 1998; Mather & Needle, 20@®ist & Lambin, 2001, 2002).

In the same way, there has been considerable iraprent concerning inter-disciplinary
research on the so called human dimensions of @mviental change, integrating methodologies,
data bases and research groups from the naturadauial sciences (Liverman et al., 1998). The
land use and land cover change processes haveobeeof the main topics in this area working
with an integrated approach for research, incotpaggalemographic and socioeconomic analysis to

the land use cover change research agenda (IGBP-IHECC Project).
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In this paper, | present an analysis of the driwrdeforestation in the Brazilian Atlantic
Forest remnants, specifically in the Ribeira deajge River Basin, which covers an area of
approximately 28 thousand square kilometers, 62% lofcated in S&o Paulo State (involving 23
municipalities) and 38% in Parana State (distridube 9 municipalities). Recognized for its
biological diversity, the so-called Ribeira Valleggion covers coastal, floodplain and mountain
areas and represents the most significant fragofetite Atlantic Forest in Brazil. Twelve federal
and state conservation units are located in ti@a.arhe region has been considered one of the most
important international conservation priorities &gencies such as the International Union for the
Conservation of Nature (IUCN), and the UNESCO/MAB®dtam.

My study will focus on the S&o Paulo portion of Ribeira de Iguape River Basin, which
represents 60% of the total area of the watershieel Ribeira Valley is quite often seen as a single
unit in comparison to other regions of Sdo PaulateStHowever, it is not a homogenous area,
presenting significant internal diversity in termissocio-demographic characteristics, biophysical
and infra-structure attributes, presence of coraEm units and land cover processes (deforestation
and preservation of forest remnants).

As a consequence of this intra-regional diversitg, factors associated to land cover change
processes are different for each sub-region omzpoategory within the Ribeira Valley. Therefore,
one has to incorporate the diversity found in theaan order to analyze these factors, as | will
discuss along the paper.

Given these elements, the two main objectivesisfgper are:

1) Analyze the role of socio-demographic factorsiv@ds) upon land cover change processes
(recent deforestation of Atlantic Forest remnairisihe Ribeira Valley region, at different spatial
scales (sub-regions, municipalities, zoning categand census tracts).

2) Analyze the role of conservation units, topotmapand access to infrastructure upon

deforestation processes at the same spatial scales.

In order to achieve these objectives, | developethethodology that integrates socio-
demographic data (from the Brazilian demographiosaoe — 1991 and 2000) with land cover
change data (from satellite images — Landsat TMirs/d990 and 1999) in different levels of

aggregation (spatial scales), within a geograpffisrination system (GIS).

* Most of the databases and methodologies used iRmythesis and also in this paper were developeidgian one-
year academic visit at Indiana University, in Bldogton, at the ACT research centémthropological Center for
Training and Research on Global Environmental Cl@nbaving Professor Eduardo S. Brondizio as mysaviThe
ACT research center is coordinated by Professorli@ioran and is internationally known for its reseh and
training activities in the field of “human dimene® of global environmental change”. The ACT wasoalke

headquarters of the LUCC project Focus 1, which avgaint project between the IGBP and the IHDP.sTdme-year
training was made possible thanks to an internati@ooperation agreement between the ACT and tvazilan

research centers — the Population Studies CenteP(N and the Environmental Research Center (NEPAMdih

located at University of Campinas (UNICAMP), Saw®aBrazil.



This paper is divided into five sections, desatibs follows.

In section 1, | explain the methodology and dasabaused for the analysis, which involves,
mainly, the integration of census and remote sgndata within a Geographic Information System
(GIS).

In section 2, | present a descriptive analysiss@fio-demographic factors, conservation
units, topography, road infrastructure and defaitésmt processes in the Ribeira Valley at the scales

of sub-regions and municipalities

In section 3, | analyze the same factors describesgction 2, but instead of sub-regions, |

develop an analysis at the scale of zoning categori

In section 4, | carry out an analysis of the fext(drivers) associated with deforestation

processes in the Ribeira Valley at the scale ofuetractsl analyze the relationships (associations

and correlations) between deforestation and therfacescribed in sections 2 and 3, using, for this
purpose, rural census tracts. At the end of thaiae | propose a qualitative model of deforestati

in the Ribeira Valley and point out some possilolerfal models of deforestation (with the support
of regression analyses) that could be appliedadibeira Valley.

Finally, in section 5, | synthesize the results present final remarks.

1. Methodologies for the integration of census (smedemographic) and remote sensing
(deforestation) data: a study on the Ribeira Vallg

As mentioned in the introduction, the general méthogy for the analysis of the factors
(drivers) of deforestation in the Ribeira Valleytige integration of socio-demographic data (from
the Brazilian demographic census — 1991 and 206@)land cover change data (from satellite
images — Landsat TM, years 1990 and 1999), atrdiitdevels of aggregation (spatial scales), in a
geographic information system (GIS).

The main methods used to integrate census andeesansing data are:

i. classification of two Landsat TM images of théé&ra Valley (scene 220/77, years 1990 and
1999);

iil. construction and organization of a demograplnt socioeconomic database, from Brazilian
census of 1991 and 2000, at the level of munidipaland census tracts;

ili. creation and organization of digital layers miad network, urban centers, topography, rivers,
conservation units and municipal and census ttzmisidaries;

iv. development of a GIS structure, integrating theee main sources of data mentioned above
(satellite images, census data and digital layers);

v. creation of variables for land cover, topographgnservation units and road infrastructure,
within a GIS.
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Next | make a brief description of the creatiortteé variables for land cover, topography,
conservation units and urban and road infra-stractithin the GIS.

Besides the census variables, | also created of sgiatial variables integrated into a GIS.
These variables were organized in four groups, Wwidce: 1) land cover variables; 2) zoning
categories and ‘conservation units’ variables;oppgraphic variables and 4) urban and road infra-
structure variables.

The land cover change variables were created twoastep procedure. The first step was
overlaying the municipalities and census tracteigayvith the two classified Landsat images (scene
220/77, years 1990 and 1999). The second procedasdo extract land cover classes, which were
then aggregated to the spatial units of analysimaty census tracts and municipalitidap 1
shows how the land cover variables were createdveylaying the municipalities/census tracts
layers with the land cover change maps.

The variables regarding zoning categories andezgaton units were created by overlaying
the conservation units layer with the municipaditeensus tracts layers. For the municipalities, |
estimated the area (and the percentages of thg @fré@e municipality under each type of zoning
category, i.e., forest reserves/parks, areas df@mental protection (known as ‘APAs’) and non-
protected areas. For the census tracts, | cladsfieh one according to the zoning category that it
belonged to: parks, APAs or non-protected areas Whs a very important accomplishment as it
became possible to test the role of conservatiats um deforestation processes, at the level of
census tractMap 2 shows how the zoning categories/conservation waitsibles were created by
overlaying the layer of conservation units with thanicipalities/census tracts layers.

The topographic variables were created with thepeu of a Digital Elevation Model
(DEM). | overlayed the municipalities/census trdetgers with the DEM and calculated a series of
descriptive statistics about the topography of eastsus tracts and municipalities, such as average
elevation and slope, minimum, maximum and rangel@¥ation/slope. It is important to note that
the topographic variables are important for my ysial because the elevation and slope play a very
significant role in the processes of land covemgeaand deforestation in the Ribeira Valliap
3 shows how the topographic variables were creayeavbrlaying the municipalities/census tracts
layers with the Digital Elevation Model.

The last procedure was to create urban and rdeadstructure variables by overlaying maps
(layers) of urban centers and roads with the mpalities/census tracts layers. First, | created
buffers around the main roads and urban centersthieoroads, | tested buffers of 100, 200, 500,
800 and 1,000 meters. For the urban centers, ¢édesuffers of 1, 3, 5, 8 and 10 kilometers.
Afterwards, these buffers were overlayed with theniwipalities/census tracts layers and thus | was

able to calculate the area (and the percentagéiseofrea) inside the buffers of roads and urban



5
centers for every municipality and census tracieréfore, these variables were considered as a
proxy of access to urban markets and road infrecttre.Map 4 shows how the urban and road
infra-structure variables were created, throughdherlaying of the buffers of urban centers and

roads to the municipalities/census tracts layers.

After creating all the spatial variables mentiodve, the database was completed, so for
every municipality and census tract the followimgups of variables were available:
1) census variables (demographic and socioeconamiables) (years 1991 and 2000).
2) land cover variables (years 1990 and 1999).
3) zoning categories / conservation units variables
4) topographic variables.

5) urban and road infra-structure variables.

Map 1. Overlaying of the municipalities/census ticts layers of the Ribeira Valley with the land cosr
[change] maps (classified Landsat TM images)

[] Layer of municipalities of Ribeira Valley

| Laver of census tracts of Ribeira Valley
Land cover classes (1990-1999):

Water

Atlantic Forest remnants
Agriculture, pasture and urban areas
Mangroves

Clonds

Planted forest

Mouatain shadow

Deforested areas (1990-1999)

a0 Kilometers

AR WOEm
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Map 2. Overlaying of the conservation units layewith the municipalities/census tracts layers of the
Ribeira Valley

Map 3. Overlaying of the municipalities/census ticts layers with the Digital Elevation Model (DEM)
of the Ribeira Valley
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Map 4. Overlaying of the buffers of urban centers ad roads to the municipalities/census tracts layers
of the Ribeira Valley

2. Analysis of socio-demographic factors, conserniah units, topography, road
infrastructure and deforestation processes in the Reira Valley at the scales of the
sub-regions and municipalities

The Ribeira Valley is known as a region coveredthm Atlantic Forest and protected by
parks and reserves, presenting very low populademsities, low urban population rates and also
very low socioeconomic and human development indisan the context of Sdo Paulo State. This
is valid for the region as a whole, but it does agply to all municipalities and sub-regions within
the Ribeira Valley. In fact, the Ribeira Valleyriest a homogeneous area at all as it presents & grea
biophysical, demographic, socioeconomic and enviramtal diversity.

Considering this diversity, | proposed a divisiohthe Ribeira Valley into sub-regions,
which took into account the perimeters of the mipilities and the biophysical and topographic
compartments of the region — mountain, river vakkey coast. As a result, | arrived at three sub-
regions for the Ribeira Valley, according to theethtopographic compartments mentioned above.
The sub-regions can be seenmap 5.

A comparative analysis of the three sub-regionswshthat there are great differences
regarding socio-demographic factors, conservatioits utopography, road infrastructure and land

cover/deforestation processes. Therefore, oneamithat the Ribeira Valley region presents a great
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internal diversity, with striking contrasts andfdiences among the sub-regions and municipalities.
Therefore, it is necessary to account for this so@mographic, biophysical and environmental
diversity when planning and implementing developtm@njects and public policies suitable to the
specificities of each sub-region and municipality. this sense, one of the most important
instruments for planning and managing the terriisrthe Ecological-Economic Macro-Zoning of

the Ribeira Valley that, unfortunately, has notrbgeplemented and enforced yet.

Map 5. Sub-regions and municipalities of the Ribe# Valley

3. Analysis of socio-demographic factors, topograph road infrastructure and
deforestation processes in the Ribeira Valley at thscale of zoning categories

Another way to analyze the diversity of the Ribe¥alley is to disaggregate the region into
three main zoning categories: 1) parks and foreserves; 2) Areas of Environment Protection
(APAs) and 3) non protected areas (s&® 6).

There are remarkable differences between the thoeéng categories in terms of socio-
demographic factors, biophysical and infra-struetttributes and land cover change processes.

In non-protected areas, the socio-economic and hum@velopment indicators are
significantly better in comparison to the areasd@sonservation units. Despite the fact that these

indicators can still be considered low in the cenhte the rural areas of Sdo Paulo State, the $evel
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of income, schooling, literacy and sanitation oé fopulation living in non-protected areas are
much higher than the ones inside APAs or parksiese especially in this last zoning category.
For example, the percentage of head of househaldsng less than a minimum wage per month
(approximately 100 dollars) reaches 55% and 64%hefhead of households in the APAs and

parks/reserves, respectively.

Map 6. Zoning categories in the Ribeira Valley creted by the aggregation of rural census tracts

Regarding land cover change processes, approXyna2éo of the deforested area in the
Ribeira Valley between 1990 and 1999 took plac@adn-protected areas, which represents only
26.6% of the forest remnants of the region. As asequence, the deforestation rate in non-
protected areas, in this nine-year period, reaalmdst 18%.

Almost 75% of the Atlantic Forest remnants of thibbeéRa Valley are clustered inside
conservation units, being 42% of the remnants ekedly inside parks and forest reserves.
Surprisingly, approximately 48% of the deforestedaain the Ribeira Valley between 1990 and
1999 occurred inside conservation units, 27.5% RA8 and 20% in parks/reserves, which
represents high levels of deforestation for pre@dreas, especially in parks and forest reserves
that present tight environmental restrictions anglegnment land property. Having said that, the
deforestation rates in the 1990’s inside APAs aadkgreserves (respectively, 8.8% and 5%) were

still much lower in comparison to non-protectedear€l7.8% in the same time period).
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4. Analysis of the factors (drivers) associated wit deforestation processes in the
Ribeira Valley at the scale of the [rural] censusracts

In table 1, one can see that the factors positivadgociated with deforestation in the Ribeira
Valley are the following:

- demographic factors (population size, density amoavth);
- socio-economic conditions (levels of income, scimgpand sanitation);
- access to urban markets and road infra-structuexipity to urban centers and road network).

On the other hand, the factors negatiwedgociated with deforestation are:

- poverty (percentage of head of households earasgjthan 1 minimum wage);
- topography (range of elevation inside the censac)tr
- presence of conservation units.

As shown in table 1, the factor (independent vagjplith the strongest positive association
with recent deforestation is population densityggenting a linear correlation (Pearson coefficient)
of 0.486. The second strongest factor associated deforestation is the proximity to urban
centers, with a linear correlation of 0.452. MoreQwopulation density and proximity to urban
centers are also highly correlated with each otBer. it is possible to say that this quite strong
correlation between population density and defatest might be a consequence of the effect of

the proximity to urban centers on the deforestataias of the census tracts.

Table 1. Linear correlation coefficients between th factors associated with deforestation (selecteddependent
variables) and the rate of deforestation in 1990-¥®. Rural Census Tracts of the Ribeira Valley.

Factors associated with deforestation Linear correlation with rate of
(selected independent variables) deforestation
(Pearson coefficient)

Population Density in 2000 0.486(**)
Percentage of the census tracts area within 10km 0.452(**)
the nearest seat of municipality
Percentage of households with bathroom (in 2000) 0.405(**)
Average years of schooling of the heads of housks 0.395(**)
(in 2000)
Population size of census tract in 2000 0.362(**)
Percentage of census tracts area within the 1 Kifers 0.361(*)
of road network
Census tracts average income of the head of holgk 0.356(**)
(in minimum wages, 2000)
Population Growth rate (1991-2000) 0.324(*)
Variation of the elevation in the census tract —0.490(*)
Percentage of head of households in poverty (i©p0 —0.382(*)
Restrictions in land use (presence or not of caasiemn [0.452]W
units)

Source: IBGE. Demographic Census 1991 and 200Qandsat TM images, 1990 and 1999 (scene 220/77).
** Significant correlation p < 0.01).

(1) Coefficient of determination (R-square) in the gs& of variance.
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The socio-economic conditions of the populationthe census tract (levels of income,
schooling and sanitation) have also quite strorgjtipe associations with deforestation, with linear
correlations of 0.356 (income), 0.395 (schoolingyl #.405 (sanitation). One possible explanation
for these associations is that better socio-econa@wonditions (therefore higher levels of income
and consumption) imply on higher demands for adfical and forest products and also a greater
availability of economic resources to invest iniagture activities, therefore increasing the
probability of deforestation. But the causativetgat can also work in the opposite direction, i.e.,
the income generated by deforestation could hayeawed the socio-economic conditions of the
population living in census tracts with higher de&iation rates.

After socio-economic conditions, the populatioresof the census tract is the variable with
strongest association with deforestation (linearatation of 0.362). The road network density is
also positively associated with deforestation (Pewais coefficient 0.361). Besides that, road
network has a very high correlation with populatiensity, revealing the important role of roads
in the spatial distribution of the population, tfere suggesting that population density might be
only a proxy of the effect of road network on de&tation in the Ribeira Valley.

At last, one can see that the population growti o&the census tract has the lowest positive
association with deforestation, among all the fexc{ondependent variables) shown in table 1, with
a linear correlation of 0.324. Different from iterity, the rate of population growth does not seem
to have an important effect on recent deforestatidhe Ribeira Valley region.

In table 1, one can also see that the factorstivegaassociated with deforestation are the
degree of poverfy the topographyand the presence of conservation units.

The degree of poverty presents a negative cowelatith deforestation (Pearson coefficient
of —0.382), showing that in the census tracts pirasent a higher percentage of poor head of
households, the rates of deforestation are lower.

The topography has a very important negative eftet deforestation, with a negative
correlation between deforestation and the rangdesfation of the census tract (Pearson coefficient
of —0.490). It is important to highlight that, ibsolute terms, the range elevation of the censas tr
is the variable with the strongest correlation wdforestation, even higher than the correlation
between population density and deforestation.

The presence of conservation units has also aortant negative effect on deforestation

rates. In other words, higher rates of deforestatitcur in census tracts outside conservation.units

® The linear correlation between road network anplupation density of the census tract is significantl
positive, with a value of 0.699.

® Percentage of head of households earning lesslthainimum wage (100 dollars) per month in the osns
tract.
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Based on my findings on the relationships betwdeforestation rates and the selected
independent variables (factors) | can say that tinal census tracts with higher rates of
deforestation have bigger population size and tignaie located close to urban centers (within a
10 km radius), have a more dense road networkemsticio-economic conditions and higher rates
of population growth. Moreover, the census tracith Wigher deforestation rates are located in
areas with smoother topography and outside cons@nvanits, and present lower levels of poverty.

In sum, the factors with the strongest positassociation with deforestation are the
population density and the proximity to urban cesitevhich are also positively correlated with
each other. The factors with the strongest negatssociation with deforestation are topography
(range of elevation of the census tract) and tkesguce of conservation units.

Besides that, the fact that many factors (indepehdariables) shown in table 1 are highly
correlated with each other indicates that it is pos$sible to consider each variable as a single or
isolated factor associated with deforestation, imgtead it should be seen as a “network of
relationships”, with direct and indirect effects @eforestation processes in the Ribeira Valley.

Based on this “network of relationships” among timelependent variables and the
deforestation rates, | propose a qualitative (apgic) model of correlation and causality between
socio-demographic factors, topographic and infraestire attributes, presence of conservation
units and recent deforestation in the Ribeira Waltee graphic 1).

Graphic 1 shows the results for the qualitativedelolt is possible to note a web of
associations between a set of different factorm@@dgaphic, socio-economic, topography, road and
urban infra-structure and conservation units) agfomstation processes in the Ribeira Valley.

Despite the fact that this qualitative model isvigd from the observed correlations between
the independent variables (the factors shown itetdpand deforestation (the dependent variable),

one can still infer some causal relationstipsn these correlations. Some of the causal assons

are very evident, such as the association betweengtaphy and conservation units with
deforestation. Other causal associations are notlesr but still very probable, such as the
relationship between demographic factors and urbad/infrastructure with deforestation. From
this point of view, population density and urbaaftoinfrastructure can be seen as drivers of
deforestation in the Ribeira Valley.

On the other hand, concerning the correlationsvéen socioeconomic factors and
deforestation it is more difficult to establish tteusal relationships and, especially, its directlo
some cases, the deforestation could have geneiatethe, therefore improving socioeconomic

conditions of the population in the census tract.

" Range of elevation (minimum and maximum) insidedbnsus tract.
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Graphic 1. Qualitative model of correlation and casality between socio-demographic factors, topograph access
to infra-structure, conservation units and deforesation in the Ribeira Valley (network of relationships among
the independent variables and deforestation ratesfoural census tracts)

At this point, it is important to say that in mydy on the Ribeira Valley, | first aimed to
work with a regression model in order to identifgdaanalyze the factors that could explain
deforestation rates in the Ribeira Valley. Howevdound out that the regression analysis was not
appropriate to deal with all the independent vdeislselected because of the occurrence of strong
correlations among them, what is known as multicedrity. Annexes 1, 2 and 3how some
regression models that | tried to build for the &ia Valley'.

8 One can see iAnnex 1 that the first regression model that | tried taldyuwith all the factors associated
with deforestation (eleven independent variablpssented strong multicollinearity among the inchejeat
variables. In this first model, only two indepentieariables were significant — population densihd a
presence or not of conservation units. In thig fiegression model, the R-squared was 0.458.

Based on the results for this first regression mddeuilt a second regression model (Fgmex 2) with
only the two main factors associated with defoteasta namely population density (with positive
association) and presence or not of conservatidts with negative association). Moreover, thist las
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Consequently, due to these restrictions to workhvgeveral independent variables in
regression models, | decided to work, instead, witualitative model that could represent the
network of relationships between the independerniabkes and the deforestation rates (the
dependent variable). The major advantage of adgptiqualitative model is the possibility to map
and represent graphically the diversity of facssociated with deforestation in the Ribeira Valley

In future studies, | plan to build multivariate tsddcal models in order to perform
guantitative analyses that are able to deal withtted selected independent variables of the

qualitative model.

5. Synthesis of results and final remarks

As we have seen, the factors positively associaiéitl recent deforestation in the Ribeira
Valley are population size, density and growth,ic@conomic conditions (levels of income,
schooling and sanitation) and access to urban risaskel road infra-structure. The major drivers of
deforestation are population density and proximdyurban centers. Besides, these two factors,
together with road density, are very correlatechvaach other, implying that population density
might be a proxy to access to urban markets ardlinfea-structure.

On the other hand, the main factors negatively@atsd with deforestation are topography
and the presence of conservation units. As merdidoefore, the rural census tracts inside
conservation units show much lower deforestatid@srand significantly higher proportion of forest
remnants than the census tracts outside the catssrwnits.

Therefore, it seems clear that since its implentemtan the 1980°s, the conservation units -
together with topography - have been the most itapbbarrier to deforestation of Atlantic Forest
remnants in the Ribeira Valley. However, as memtbin section 3, the conservation units are
distinguished by very low population densities &l levels of living conditions. Thus, if, on one
hand, the conservation units have been quite ssitdan the preservation of forest remnants, on
the other hand there has been a great out-migrithom these areas and the perpetuation (or even
worsening) of poverty and low socioeconomic cowodisi for the population still living inside or
nearby the conservation units. In this sense, tlestipns raised are: What type of environmental
conservation program is taking place in the Ribdadley? Are poverty and out-migration of the
local population, living in conservation units, eegequisite for the preservation of Atlantic Forest

remnants? Is this type of environmental consermatigstainable?

independent variable is a dummy, in which 0 isahsence and 1 is the presence of conservation ltrigs
interesting to note that even with only these tagependent variables the R-squared is 0.426.
At last, | decided to test a spatial lag model,oanting for the deforestation rate in the neighbensus
tracts (queen contiguity). In this third regressioodel the R-squared reached 0.532 fsagex 3).
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At last, it is important to mention that my anafysjof the relationships between
deforestation rates and the independent variabias]not able to incorporate all the complexity of
the factors involved in the processes of land cahange and deforestation in course in the Ribeira
Valley region. As discussed in the literature, destation processes do not proceed linearly. In
other words, they are not dependent on one exe@ufdetor (e.g. population growth or road
construction), nor are ahistorical. Instead, ieisombination of many factors (social, economic,
demographic, political, institutional etc.), opémgt in different spatial and temporal scales and
interacting in specific environmental, social anstdrical contexts. In this sense, there has been a
great effort from the scientific community in theasch for new theories and methods of analysis
that could enable a better balance between geagrapirerage, analytical precision and realism for
the analysis and models of deforestation.

In my study on the Ribeira Valley, | also facedilemma to find the best balance between
geographic coverage and analytical precision. Oa band, the simplicity of the correlation
analyses and qualitative model limited the anadtmower of my analysis of the factors associated
with deforestation. But, on the other hand, thesdyses enabled us to work with a relatively large
numbers of variables and to incorporate all thalroensus tracts of the Ribeira Valley (109 census
tracts). This geographic coverage would not beiples$o achieve in a case study using fieldwork
and in-depth analysis.

Therefore, my analysis of the factors associateld deforestation in the Ribeira Valley was
able to incorporate three important aspects: pyasents a wide geographic coverage; 2) it uses
very disaggregated spatial unit of analysis (censawds); and 3) it integrates a large and diverse
number of variables for the analysis (census vlglremote sensing/land cover variables and
other spatial variables as topography and roadsiructure).

In this sense, maybe the most significant contitloudf this study is the application of a
methodology that integrates census and remote repnsiriables, all information aggregated at
three different levels (municipalities, zoning @aiges and census tracts), for the development of
an analysis of the associations between socio-deapbig factors and deforestation. Hence, this
was one of the first studies in the field of “Padidn and Environment” to use this kind of
methodology at three different levels (or spatiehles): municipalities, zoning categories and

census tracts.
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Annex 1: First Regression Model — considering allaictors (independent variables)
associated with deforestation

Dependent variable:
- PFLO_DESMA Deforestation rate between 1990 an®199

Independent variables:

DENSID_200 Population Density in 2000

PBFCITY10K Percentage of the censusgracta within 10Km from the nearest seat of mualitip
PCBANHEIRO Percentage of households withizgem (in 2000)

MEDIA1 _ANO Average years of schooling of theads of households (in 2000)

POPRESI Population size of cersact in 2000

PBFROAD1KM Percentage of census tracts artan the 1 Km buffers of road network
CRESC 91 0 Population Growth rate (120Q0)

ELEV_RANGE Variation of the elevation inetkensus tract

POBRES2000 Percentage of head of holdshopoverty (in 2000)

DUMMY_UC Presence or not of conservatimits dummy variablg

REGRESSION

SUMMARY OF OUTPUT: ORDINARY LEAST SQUARES ESTIMATI®

Dependent Variable PFLO_DESMA Number of Observatioi€9
Mean dependentvar : 14.9316 Number of Variables : 11
S.D. dependentvar : 9.05654 Degrees of Freedom 8 9
R-squared :0.458448 Fisdtc © 8.29614
Adjusted R-squared : 0.403188 Prob(F-statistic) :1.2649309
Sum squared residual:  4841.63 Log likelihood © 68419
Sigma-square ©49.4044 Akaike info criterion : 744.837
S.E. of regression :  7.02882 Schwarz criterion  :774.442
Sigma-square ML : 44.4186

S.E of regression ML:  6.66473

Variable  Coefficient Std.Error t-Statis tic Probability
CONSTANT  16.68531  6.283559 2.655392 0.0092467
DENSID_200 0.1796163 0.08622023 2.083227 0.0398338
PBFCITY10K -0.005465693 0.02571725 -0.212530 2 0.8321371
PCBANHEIRO 0.01797709 0.03749503 0.479452 7 0.6326831
POPRESI 0.0029043 0.001806728 1.607492 0.1111638
PBFROAD1KM -0.03021472 0.0433779 -0.696546 4 0.4877361
MEDIA1_ANO 0.05964127 1.156851 0.051554 84 0.9589888
CRESC_91_ 0 0.00889898 0.0111959  0.794842 8 0.4286249
ELEV_RANGE -0.005654678 0.003978719 -1.421231 0.1584242
POBRES2000 -0.01954043 0.04344333 -0.449791 2 0.6538528
DUMMY_UC -5.423307 2.016608 -2.689321 0.0084161

REGRESSION DIAGNOSTICS

MULTICOLLINEARITY CONDITION NUMBER 28.48721

TEST ON NORMALITY OF ERRORS

TEST DF VALUE PROB

Jarque-Bera 2 25.38758 0.0000031

DIAGNOSTICS FOR HETEROSKEDASTICITY

RANDOM COEFFICIENTS

TEST DF VALUE PROB
Breusch-Pagan test 10 27.59633 0.0020942
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Annex 2: Second Regression Model — considering ortlwyo main factors (indep. variables)
associated with deforestation — polation density and conservation units

Dependent variable:

- PFLO_DESMA Deforestation rate between 1990 an®199

Independent variables:

DENSID_200 Population Density in 2000

DUMMY_UC Presence or not of conservation si@timmy variablg

REGRESSION

SUMMARY OF OUTPUT: ORDINARY LEAST SQUARES ESTIMATIO N

Dependent Variable PFLO_DESMA Number of Obsdions: 109
Mean dependent var : 14.9316 Number of Variables 3

S.D. dependentvar : 9.05654 Degrees of Freedom106
R-squared : 0.426097 F-statistic ©39.3501
Adjusted R-squared : 0.415269 Prob(F-statistic). 1.6536e-013
Sum squared residual:  5130.85 Log likelihood : -364.581
Sigma-square :48.4043 Akaike info criten :  735.162
S.E. of regression : 6.95732 Schwarz criterion  743.236
Sigma-square ML :  47.072

S.E of regression ML:  6.86091

Variable Coefficient  Std.Error t-Stati stic Probability

CONSTANT 15.6051 1.341112 11.635 96 0.0000000
DENSID_200 0.2299799  0.06010256 3.8264 58 0.0002201
DUMMY_UC  -7.722522 1.570706  -4.9165 92 0.0000032

REGRESSION DIAGNOSTICS

MULTICOLLINEARITY CONDITION NUMBER 3.76745

TEST ON NORMALITY OF ERRORS

TEST DF VALUE PROB
Jarque-Bera 2 43.38495 0.0000000

DIAGNOSTICS FOR HETEROSKEDASTICITY

RANDOM COEFFICIENTS

TEST DF VALUE PROB
Breusch-Pagan test 2 5.499227 0.0639526
Koenker-Bassett test 2 2.696993 0.2596303
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Annex 3: Third Regression Model — spatial lag modakith two independent variables

Dependent variable:

- PFLO_DESMA Deforestation rate between 1990 an®199)

Independent variables:

W_ PFLO_DESMA Deforestation rate in neighborhoosha (Queen Contiguity)

DENSID_200 Population Density in 2000
DUMMY_UC Presence or not of conservation si@tmmy variablg
REGRESSION

SUMMARY OF OUTPUT: SPATIAL LAG MODEL - MAXIMUM LIKE LIHOOD
ESTIMATION

Dependent Variable PFLO_DESMA Number of Observatiod99
Mean dependentvar : 14.9316 Number of Variables : 4
S.D. dependentvar : 9.05654 Degrees of Freedom 051
Lag coeff. (Rho) : 0.470584

R-squared . 0.532633 Lielihood . -356.215
Sg. Correlation ;- Akaike info criten :  720.431
Sigma-square . 38.3339 Schwarz criterion  :731.196

S.E of regression : 6.19144

Variable Coefficient Std.Error  z-value Probability

W_PFLO_DESMA 0.4705844 0.09191826 5.11959 6 0.0000003
CONSTANT 8.433295  1.925243 4.38038 1 0.0000119
DENSID_200 0.1729602 0.05436117 3.18168 6 0.0014643
DUMMY_UC  -5,537701  1.524437 -3.63262 1 0.0002806

REGRESSION DIAGNOSTICS

DIAGNOSTICS FOR HETEROSKEDASTICITY

RANDOM COEFFICIENTS

TEST DF VALUE PROB
Breusch-Pagan test 2 14.80708 0.0006091

DIAGNOSTICS FOR SPATIAL DEPENDENCE

SPATIAL LAG DEPENDENCE FOR WEIGHT MATRIX peso_queen_lorder.GAL
TEST DF VALUE PROB

Likelihood Ratio Test 1 16.73091 0.0000431




