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Apesar de os métodos de sensoriamento remoto serem capazes de fornecer bases confiaveis
para a identificacdo da quantidade e da configuracdo espacial do desflorestamento, eles ndo
podem, sozinhos, explicar suas causas. Para isso, precisamos complementar a andlise de
imagens com dados socio-econdmicos advindos de levantamentos de campo ao nivel da unidade
produtivo-domiciliar, pois estas afetam processos como a migracao, uso da terra e escolhas
técnicas. Deste modo, ao combinarmos imageamento remoto e levantamento socio-econdémico
de campo, obtemos um arcabouco metodologico hibrido com potencial de aumentar nossa
capacidade de conhecer os determinantes da fragmentacéo florestal. Nés apresentamos um
modelo metodoldgico desse tipo para o estudo do desflorestamento da Mata Atlantica. Dois
estudos empiricos — uma analise por sensoriamento remoto e outro baseado em levantamento
de campo — foram sobrepostos no contexto de um projeto de pesquisa mais amplo enfocando
a fragmentacao florestal no nordeste da regido hidrografica da Guanabara, Rio de Janeiro.
Mostramos que, mais do que metodologias do tipo “colcha-de-retalhos”, precisamos de
esquemas teoricamente informados que déem sentido ao uso de diferentes abordagens e
métodos geoecoldgicos para documentar e interpretar as mudancas de uso da terra.

Palavras-chave: sensoriamento remoto; levantamento sécio-econdmico de campo; metodologia
geoecoldgica; fragmentacdo florestal; Mata Atlantica.

Although remote sensed methods provide reliable basis for identifying the amount and spatial
configuration of deforestation, they cannot solely explain its underlying causes. For that, we
need to complement the imagery analysis with socio-economic data from household or farm-
level studies, because these domestic units affect process such migration, land-use, and
technology choice. Thus, by combining remote imagery sensor and social survey, we obtain a
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merged analytical framework, which has the potential to improve our understanding on the
determinants of human-driven forest fragmentation. We present such a methodological
framework for studying deforestation in the Brazilian Atlantic Forest. Two empirical studies
— a remote sensing analysis and a farm-level survey — were put together in the context of a
wider project focusing on forest fragmentation process in the northeastern Guanabara region,
Rio de Janeiro, Brazil. We show that, rather than ‘patchwork quilt” methodologies, we need
theoretical-oriented frameworks that give sense to the use of different landscape ecological
approaches and methods (imagery analysis, mathematical modeling and social studies) in order
to document and interpret land-use changes.

Keywords: remote sensing; farm-level survey; landscape research methodology; forest
fragmentation; Brazilian Atlantic Forest.

1. INTRODUCTION

Sensors can be defined as technical-metho-
dological devices that import/collect raw empirical
data, organize it through a primary model and export
it as codified information. Within the research process,
these devices must coherently articulate with theo-
retical elements in order to make intelligible certain
specific objects of reality. Because real objects are
complex and multidimensional, there is often a need
to aggregate and articulate various types of sensors.

Deforestation and forest fragmentation is a
good example. Remote sensors (including not only
space-imagery systems, but also side-looking radar
and aerial photography) are obviously very useful to
evaluate deforestation, especially in tropical regions
(Myers 1988; Freitas et al. 2005; Freitas and Shima-
bukuro in press). Though imagery resources can pro-
vide a reliable basis for measuring the amount and
spatial configuration of forest clearing and exploi-
tation, they cannot solely explain why deforestation
occurs (Wood and Skole 1998). To understand why,
we need to identify and model the social determinants
of deforestation. Remote sensing outputs (thematic
maps, GIS analyses) with its grid-cell maps must be
linked with economics, politics, sociology, and other
disciplines within the social sciences (Wood and Skole
1998).

The fundamental problem in this transition

is that the unit of observation of remote sensors is a
pixel, which does not correspond in any straight-
forward fashion to social, economic or political units
of human organization (Mertens et al. 2000). Solving
this problem requires not only having reliable data of
different origins and formats, but also and mainly,
the articulation of different methodological frame-
works (Rindfuss and Stern 1998). On the one hand,
we have social science methods using in situ sensors
such as comprehensive interviews, quantitative hou-
sehold surveys, participative or non-participative
observation or interpretation of historical records (see
e.g., Almeida 1992; Marquete 1998). On the other
hand, we have modern methods of remote sensing
and computer-based interpretation and modeling (see
e.g., Skole and Tucker 1993; Metzger 2002; Batistella
et al. 2003).

Studies at the household or farm level, such
as those traditionally used by social scientists, are
useful in answering questions about the underlying
causes of deforestation because households are the
actual decision makers in processes such as migration,
land clearing, land-use and choice of technology
(Andersen et al. 2002). However, landscape or regio-
nal level imagery-based studies respond to the needs
for empirical results comparable among regions and
countries; in addition, they can be used to improve
the modeling on global land change dynamics (Wood
and Skole 1998; Turner Il et al. 2001).
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Consequently, it is judicious to assert that,
for combining sensors with different limitations and
imperfections, an analytical framework that combines
remote sensing and Social Science field methods has
the potential to improve our understanding of the
determinants of various types of land-cover changes
(Rindfuss and Stern 1998). Regardless of how
coherent and inspiring this statement can be, the
linkage must be brought to the empirical level to
transform it into a useful methodological principle.
To do so, we need to answer some basic questions
such as: What are the specific limitations of each
kind of sensor? How can we reduce limitations by
linking sensors with social processes? Through
answering these and other questions we can extract
the best and reject the worst of each kind of sensor.

Unfortunately, most recent attempts to em-
pirically apply hybrid types of methodology (see
Brondizio 1996; Fujisaka et al. 1996; Moran and
Brondizio 1998; Sierra and Stallings 1998; Wood and
Skole 1998; Mertens et al. 2000; Turner 11 et al.
2001) do not centrally address the methodological
issues — although authors usually comment on them.
In this paper we propose a methodological framework
that combines remote sensing techniques and field-
based social analysis by using the Southern Brazilian
Atlantic Forest as a case study. Two empirical studies,
a remote sensing analysis and a farm-level survey
respectively, were combined in the context of a com-
mon wider project focusing on forest fragmentation
process in the northeastern Guanabara region, Rio
de Janeiro, Brazil. The central issue is the underlying
methodological processes supporting these empirical
findings rather than the findings themselves, which
are discussed in more detail in Cabral and Fiszon
(2004).

2. METHODS

2.1. The empirical basis: northeastern
Guanabara region, Rio de Janeiro

The Brazilian Atlantic Forest has experienced
a long history of human settlement and forest
exploitation and conversion (Fonseca 1985; Dean

1996). Among the Brazilian States, originally covered
by the Atlantic Forest, Rio de Janeiro experienced
one of the most intensive processes of degradation
(Dean 1996; Drummond 1997). This trend continues.
Between 1990 and 1995, deforestation in Rio de
Janeiro occurred at an annual average rate exceeding
28,000 hectares. Currently only 21% of the original
forest cover exists in Rio de Janeiro state (BRASIL
1998). It has resulted in a landscape that congregates
a few large-and-continuous forest patches generally
situated over mountainous portions of the territory
surrounded by many high-fragmentation zones
(Tanizaki and Moulton 2000).

This study occurred in the Guapiacu basin
(fourth-order drainage channel), a 573.54 km2 area
located in the northeastern Guanabara hydrographic
region, which is entirely situated within the Rio de
Janeiro state (Figure 1). The upper portion of the
basin occurs in the oceanic escarpment of Serra do
Mar, a mountainous system with a maximum of
2,000-2,200m and composed of a fissures block
inclined to north-northeast direction. The basin also
contains high-declivity hills which give way to the
Guanabara plain (Almeida and Carneiro 1998).
Ultimately, the basin discharges into the Guanabara
Bay.

This area is located in the tropical zone, with
a typical hot and dry climate (Nimer 1979; Amador
1997). The annual average temperature reaches 24°C
in the coastal plain and 20°C in the mountainous
regions. The precipitation annual averaged 2,000mm
in the Serra do Mar and oscillated between 1,000
and 1,500mm in the Baixada Fluminense. Winter is
characterized by the dry season, whereas summer is
characterized by torrential rains (Amador 1997). The
vegetation is characterized primarily by dense ever-
green rainforest (IBGE 1991; Amador 1997).

Guapiacu basin is located 100 km from the
Rio de Janeiro district and is part of its rural-urban
fringe (Souza 2003). The Basin contains part of
Guapimirim and Cachoeiras de Macacu districts.
Urban population of Guapimirim has grown from
18,446 inhabitants in 1991 to 25,593 inhabitants in
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Figure 1. Location of the Guapiacu basin in the Rio de Janeiro state, Southeastern Brazil.

2000 (a 39% increase). By comparison, the rural
population increased from 9,555 inhabitants in 1991
to 12,359 inhabitants in 2000 (a 29% increase). This
growth rate was higher than observed for the entire
Rio de Janeiro State for the same time period (about
13% of growth of the urban population and a
reduction of almost 6.5% of the residents in the rural
area). The population growth of Guapimirim is very
significant, especially in the rural area and differs

from the retraction pattern observed for the State
overall. For the same period from 1991 to 2000,
urban population of Cachoeiras de Macacu increased
from 32,036 to 41,117 inhabitants (a 28% increase),
whereas the population in the rural area declined from
8,172 to 7,426 inhabitants (a 9% decline). This
decline was larger than observed for the entire State
(IBGE 2003).
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2.2. Remote sensing analysis

Remote sensing analysis aims to spatially
correlate the current forest fragmentation pattern to
variables such as topography distribution, drainage
network distribution and road network distribution,
using a Landsat classified image, a stereoscopic
interpretation of a historical set of aerial photographs
and a Geographic Information System (GIS) analysis.

2.2.1. Landsat 7 ETM+ image classification
and analysis

We used a Landsat 7 ETM+ image from
February 28, 2000 (path 217/row 76). The six
spectral bands of ETM+ sensor with 30m spatial
resolution (bands 1, 2, 3, 4, 5 and 7) were registered
through planimetrically correct maps, obtaining a 0.50
pixel precision. We used the Universal Transverse
Mercator (UTM) projection with longitude origin at
45000700"W and datum SADG69. All image prepro-
cessing procedures were done in SPRING, a state-
of-the-art GIS developed by Brazil’s National Institute
for Space Research (INPE) and available for free on
the web (INPE/DPI 2004).

To correct for atmospheric degradation, we
used the Improved Chavez Method (Pax-Lenney et
al. 2001). To classify the forest areas in a scene, we
used the three first principal component bands and
three mixture components (soil, vegetation and
shadow) generated by the Linear Mixture Model
procedure (Shimabukuro and Smith 1991; Lillesand
and Kiefer 1994). The classification procedure was
an image segmentation by region classifiers (similarity
threshold = 8 and least area = 10) followed by an
unsupervised algorithm (ISOSEG) and a supervised
classification through Bhattacharya method. The
image segmentation is a pixel clustering technique in
which only nearby regions can be clustered based
on their similarity and area thresholds (INPE/DPI
2004). We used the unsupervised and supervised
classifications to classify the regions of a segmented
image through training areas selected during field
works.

To correlate forest cover distribution and
topography, we applied a raster crossing function
(COMBINE of Arc View 3.2 software) to the land-
use classified image (only forest class) and the
elevation classified image, with the following classes:
0-20m, 20-40m, 40-60m, 60-80m, 80-100m, 100-
120m, 120-140m, 140-160m, 160-180m, 180-200m,
200-300m, 300-400m, 400-500m. The altitude
classes differ in their amplitude (20 m steps up to
200m, then 100m steps) because in the altitudes
higher than 200m mainly forest covered the landscape,
and a finer evaluation was no longer needed (Freitas
2004). For the drainage network distribution, we used
six buffers at 100m increments from the river. To
evaluate the effects of the road network and the
distance from Serra do Mar, a large-and-continuous
forest patch, we used 10 buffers at 100m increments.
It was assumed that distances from the rivers above
600m would not significantly affect the forest cover,
in the same way that roads could significantly affect
fragments up to distances of 1km. For each buffer
increment, we calculated forest cover and loss,
applied a chi-square test to determine significance
between what was observed and what was expected.
Our null hypothesis was that the forest cover was
equally distributed over the topographic and distance
categories. Statistical significance was set at an alpha
level equal to 0.05 (Zar 1996).

2.2.2. Aerial photograph interpretation

To identify the spatial-temporal patterns of
deforestation, we documented the changes associated
with 11 forest fragments selected from field-based
observations. Each fragment was smaller than 100ha,
accessible, and had a landowner. For technical
reasons we had to used two fragments situated in an
adjacent basin.

Documentation was made through the
interpretation of orthogonal black-and-white aerial
photographs, relative to the years of 1969, 1976 and
1996. The 1969 photographs were produced by the
North American Air Force (160,000 scale); 1976
photographs, by the Fundagéo para o Desenvolvi-
mento da Regido Metropolitana do Rio de Janeiro
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(FUNDREM) (1:40,000 scale); and 1996 photo-
graphs, by the Fundacdo CIDE-RJ (1:20,000 scale).
The stereoscopic interpretation process was develo-
ped through the usual phases of detection, recog-
nition/identification, delimitation, analysis and classi-
fication, using as main differentiation elements, tona-
lity and texture (Marchetti 1986). The 1996 photos
served as the base map.

2.2.3. Farm-level analysis

Farm-level survey complemented remote
sensing analysis by identifying the spatial configu-
ration associated with socio-economic practices of
land appropriation and land use from 1969 to 1996.
To evaluate the socio-economic influence on defo-
restation, we examined the spatial configurations of
clearing sequences and the historical and geographical
characteristics of the land-use in the studied area
during a period of about 30 years. The analysis invol-
ved field surveys to identify and map the current hu-
man settlement patterns of immediate vicinities of
the studied fragments. From these surveys, we have
reconstructed the socio-historical processes that
created the observed pattern.

Characterization of human settlement only
occurred for rural land property since it has been
recognized in the literature as a crucial variable for
identifying land use forms and changes (see Kindscher
and Scott 1997; Crow et al. 1999; Lovett-Doust and
Kuntz 2001; Chidumayo 2002). For analysis pur-
poses, the context of a forest fragment corresponded
to boundaries of land properties containing the
fragment totally or partially. This context was called
the vicinity area and was characterized for each of
the 11 fragments. To characterize property ownership
and area we used the classification of the Instituto
Nacional de Colonizacdo e Reforma Agréria (IN-
CRA) (INCRA 2004).

Land ownership and use data was obtained
by interviewing landowners or authorized personnel,
mainly asking about time of ownership, frequency
of occupancy (year round or only weekends), pre-
sence of pets (especially dogs and cats), types and

area for land uses, number of workers, technology
used, annual yield, and hunting habits. Interviews
were conducted between September 2000 and April
2001 for 15 of the 17 properties located around forest
fragments studied (vicinity areas). These two pro-
perties were omitted in vicinity areas 5 and 6 because
of the absence of landowners. To characterize the
urban settlement, we made informal random inter-
views.

Once characterized, land-use patterns were
related to the socio-economic historical processes,
which occurred in the study area for the period from
1969 to 1996. To define these processes, we used
pertinent literature and interviews of key individuals
who could narrate the history of the settlement pro-
cesses and/or the development of some important
economic activities in the region.

3. RESULTS
3.1. Remote sensing analysis

Forest cover increased up to an elevation of
80m (Table 1). Chi-square test showed that forest
cover rate difference between the two topographic
categories (below and above 80m) was significant
((2=34.54; p<0.0006). The analysis demonstrated
that the pattern of forest was confined primarily to
higher terrain.

Photo-interpretation showed two well de-
fined patterns of forest cover: 1) patches occurred
on small hills and connected to the lowland forests;
and 2) fragments were confined to hilltops but low-
lands have been cleared. Thus, many current frag-
ments were connected to the Serra do Mar patch
whereas other were isolated fragments created in
1969 or through continued forest retraction. In
geological terms, the 80m elevation represented a
local “base line” in the deforestation process; above
this point, the forests were less affected by defo-
restation agents. Forest cover increased in relation
to distance from roads (Table 2). Chi-square test
showed that variation of forest cover in relation to
distance from roads is significant (_ 2 = 27.02, p <
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Table 1. Distributions of absolute and relative forest cover area in relation to elevation.

Altitude (m) Forest cover area (ha) % Forest
0-20 826.7 11.53%
20-40 1006.8 13.10%
40-60 1279.0 18.86%
60-80 1222.4 23.61%
80-100 1225.8 29.46%
100-120 1046.6 31.64%
120-140 897.4 33.99%
140-160 827.6 36.79%
160-180 775.7 37.61%
180-200 719.6 37.02%
200-300 2977.3 35.43%
300-400 24414 33.27%
400-500 21408 33.07%

0.0014). Thus, forest cover was directly related to
distance from roads, demonstrating the negative effect
of roads on the presence of forests (Goosem 1997;

Forman and Deblinger 2000). An exception was the
decline of cover at the 900-1000m increment.

Table 2. Distributions of absolute and relative forest cover area in relation to distance from roads.

Distance from roads (m) Forest cover area (ha) % Forest
0-100 611.0 12.10%
100-200 784.4 16.73%
200-300 951.8 21.68%
300-400 1086.2 26.25%
400-500 1134.9 29.23%
500-600 1126.8 31.60%
600-700 1098.2 33.57%
700-800 1103.5 36.40%
800-900 1055.6 38.27%
900-1000 983.0 39.35%

Forest cover was significantly higher at 100m
distant from rivers (_2 = 139,00; p <0.0001). More
than 80% of the forest cover was concentrated within
200m of rivers (Table 3). The higher forest cover
rate associated with rivers proximity was probably

due to the reticular drainage system, which presents
a higher channel density in the hillier compartments.
In some respects, this pattern was associated with
the general pattern of forest confinement to landscape
portions above 80m of elevation.
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Table 3. Distributions of absolute and relative forest cover area in relation to distance from drainage channels.

Distance from drainage channels (m) Forest cover area (ha) % Forest
0-100 20396.9 43.48%
100-200 4905.5 37.45%
200-300 3242 6.56%
300-400 15.2 0.36%
400-500 10.8 0.27%
500-600 05 0.01%

Another factor that leads to the maintenance
of forests close to rivers seemed to be the environ-
mental legislation, which was perhaps being applied
in the Guapiacu basin. According to CONAMA
(Conselho Nacional do Meio Ambiente) Resolution
n° 09/96, riparian forests are considered corridors
linking forest remnants, thus increasing landscape
connectivity (Rede de Ongs da Mata Atlantica et al.
2001). For that matter, riparian forests, river borders,
fountainheads and roof ridges around lakes and
lagoons are protected by the environmental legislation
and considered permanently preserved areas by the
Environmental Crimes Act, the Forest Code and
CONAMA Resolution no 4/85.

Overall, forest fragmentation pattern of
Guapiagu river basin appeared to be associated with
topography, road network and drainage network
distributions. Thus, remote sensing analysis could
show where forest occurs and what the main frag-
mentation agents are.

3.2. Farm-level analysis

Following INCRA’s classification, the area
of rural land properties less than 14ha (for Cachoeiras
de Macacu) and less than 10ha (for Guapimirim)
were considered as micro properties (INCRA 2004).
Small properties were those properties with 14-56ha
(for Cachoeiras de Macacu) and with 10-40ha (for
Guapimirim), whereas medium properties had 56-
210ha and 40-150ha, and those larger than 210ha
and 150ha, respectively, were classified as large
properties (INCRA 2004).

Based on this classification, we identified
three patterns of vicinity area (VA):

— VA composed of a single large rural
property, which often contained the entire fragment

(type 1);

— VA composed of more than one small or
medium rural property and the fragment had multiple
owners (type 2);

— VA composed of a mixture of urban
allotments and small or medium rural properties and
ownership patterns were similar to the previous type

(type 3).

These different land property sizes implied
distinct land uses and relations with the forest frag-
ment (Table 4). Human settlement patterns originated
from three coarse scale historical processes in the
studied area: 1) the national public road system
expansion and the upcountry settlement movement
in southeastern Brazil, 2) the public policy of rural
settlement executed by the Instituto Nacional de
Colonizacdo e Reforma Agraria (INCRA) and 3)
“rich suburbanization” of Rio de Janeiro city, carried
out through the construction/acquisition of occasional-
use residences by medium-upper urban classes with
recreational objectives.

Using these historical settlement processes
in association with the vicinity area’s current patterns
and the spatial configuration of forest patches, we
identified two socio-spatial patterns whose joint
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effects explained current fragmentation of the forest
landscape. The first one was associated with VA type
1, which is composed of a single large rural property,
which often contained the entire fragment. The se-
cond one resulted from land appropriation and settle-
ment by urban allotments and/or small or medium
rural properties. This second pattern consisted of
subsistence agriculture induced by INCRA’s colo-
nization model and occasional-use residency (wee-
kend-recreation houses). The second pattern was
composed of VA's type 2 and 3 (Table 4).

The first deforestation pattern was derived
from the implantation of agricultural practices inside
the limits of a large rural property (Figure 2). This
spatial organization established agricultural areas,
cattle raising areas, storehouses, habitations and other
built environment modalities that removed the forest
cover. In addition, these economic elements were
connected among themselves and with adjacent

parcels through a road system that connected every
part of the farm as well as other farms through the
regional highway. These local non-paved roads
played a fundamental role in the dynamics of human
settlement and conversion of forested lands by acting
as linear deforestation elements. Beginning from the
regional highway, roads expanded along the lowlands,
progressively circumscribing the small hills. Once
individualized as a kind of “deforestation cell”, the
small hills began to be settled from the foot hill up to
an average elevation of 60 to 80m, approximately
the elevation of existing forest. In this case, the forest
fragments were located along ridges and hilltops and
were permanently preserved areas (see Reis et al.
2002). Furthermore, the landowner generally did not
have interest or intentions to exploit the fragment
forest resources. In some cases, however, the lan-
downer allowed his employees to extract forest
resources or, because of the lack of security, allowed
the patch to be exploited by other people.

Table 4. Settlement and land-use patterns around forest fragments (vicinity areas). Source: Cabral and Fiszon

2004 (modified).

Settlement variables

Fragment vicinity area

Type |

Type 1l

Type Il

(1) Size and number

of land properties

One large land property

Many small land properties

Medium land property(ies)

neighboring urban lots

(2) Dwellings use

Owners: occasional use

Owners: occasional or continuous

(a) Rural properties

Owners: occasional

Employees: continuous

Employees: continuous use

Employees (when they exist):

continuous use

(b) Urban lots

Continuous and occasional use

(some with dwellings for employees)

(3) Land use

Cattle raising yielding milk and
meat, diverse kinds of farming
(including subsistence and for
cattle feed)

Cattle raising yielding milk (small herd)
and subsistence farming

(a) Rural properties

Cattle raising yielding milk and meat,
subsistence and cattle feed farming,

and small horticulture

(b) Urban lots

Gardens

(4) Obedience to
the Forest Code

Fulfill the legal requirements
(20% of the land property is
reserved for permanent forest

conservation)

Conservation areas were delimited
by INCRA technicians in the

settlement process

(a) Rural properties

Fulfill the legal requirements
(20% of the land property is reserved

for permanent forest conservation

(b) Urban lots

Not surveyed
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The second deforestation pattern originated
from the partitioning of a sole fragment into multiple
owners (Figure 3). In this case, ownership was
generally to provide lodging for their families, thus
there was a higher density of houses than in the
previous pattern. Although these houses were ge-
nerally built along the foothills, forest cover also was
confined to topographic compartments above 80m.
Associated with the houses vegetable and flower
gardens or small pastures were established which
provided for household subsistence.

4. DISCUSSION: METHODOLOGICAL
LINKAGES OF REMOTE SENSING AND
FARM-LEVELANALYSIS

Despite the creation of distinct vicinity areas,
both deforestation patterns caused, at the landscape

3.000m

level, forest cover to progressively retract to above
80m. From a historical perspective, this land con-
version pattern represented a forest cover reversal.
Before the wetlands were drained during the 1940s
and 1950s, almost half of the coastal plain area
(approx. 9,000 km?) was flooded in the rainy periods.
This condition impeded or at least severely impeded
the settlement of lowlands and restricted population
growth to higher landscape, that is, the top of small
hills (Mendes 1950). Therefore, the current forest
cover was, in the past, the more disturbed areas.
Thus, farm-level analysis could show how and why
the forest fragmentation pattern occurs, explaining
how the main fragmentation agents act. Moreover,
how the forest fragmentation pattern changes in time
could be explained combining both sensors (photo
interpretation and socio-economic survey).

2.000m —

1.000m +

Om

300rm
200rm —
100m—
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A
l%r% River

— — Property boundaries
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— — — » Secondary road

@ Farm's main building
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Figure 2. Chart (1) and cross section (2) scheme of large farms deforestation pattern in the Guapiacu basin, Brazil.
Patch dynamics is described by fragmentation stages 1 (for instance, 1969), 2 (1976) and 3 (1996). Cross section
A-B shows remnant patches confined primarily to higher terrain in 1996. Modified from Cabral and Fiszon (2004).
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In the study of Guapiacu basin, remote sen-
sing analysis showed that forest was concentrated in
those areas topographically elevated and distant from
roads from 1969 until now. Then, remote sensing
analysis explained to what extent and where real
forested landscapes changed. Notwithstanding, the
explanation of how and why this pattern required an
understanding of socio-economic factors, which were
derived from social field-based data surveys. In
essence, landscape elements (e.g. roads and cleared
lands) can only be interpreted if related to agents of
change and social contexts which produced and used
them in different historical periods.

The example of roads is emblematic of using
only remote sensing data. Restricting the analysis only
to spatial-temporal patterns of road construction (e.g.,
presence and absence of roads from 1969 to 1996)
we cannot capture the crucial role of terrestrial routes

2.000m

that of facilitating socio-economic flows (commo-
dities, services and people) and settlement of the
territory. The opening of new regional roads must
be considered in relation to the historical moment of
Brazilian economy and society. Currently, the eco-
nomic development strategy involved the investment
of a much greater part of the national product in
capital formation. The Brazilian government has
never taken an attitude of gaining such resources
through taxes. Citizens reacted by stocking their
resources in the form of commodities which at least
compensates for the devaluation of money. One such
commodity was rural land property, traditionally the
preferred investment form of the upper class and,
now, increasingly the speculation of urban middle
classes (Dean 1996). This is the wider scene in which
the “rich suburbanization” process of the city of Rio
de Janeiro referred to above occurred and, consequen-
tly, certain landscape dynamics were generated.

1.500m —

1.000m —

500m —

Om

300m

200m —
100m —
Om —

A

Contour lines
™ (20m equidistant)

Property boundaries

@ Main dwelling

— — — Secondary roads

Figure 3. Chart (1) and cross section (2) scheme of the deforestation pattern associated to small/medium farms or
urban lots in the Guapiagu basin, Brazil. Patch dynamics is described by stages 1, 2 and 3. Cross section A-B shows
topography and remnant patches in 1996. Modified from Cabral and Fiszon (2004).
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The ecological effects of roads can be felt in
terrestrial ecosystems, substantial distances from the
road, creating habitat fragmentation and facilitating
ensuing fragmentation through support of human
exploitative activities. Thus, because the nature and
extent of land-use tend to be highly correlated with
road networks, it is impossible to separate direct eco-
logical effects of roads from those accompanying
land uses (Trombulak and Frissel 2000). According
to Grainger (1993), the increased accessibility induced
by road construction (or improvement such as
pavement or enlargement of the existing ones) was a
significant factor that contributed to deforestation.
This connection became evident in the study of Gua-
piacu basin. Between late 1950s and beginning of
the 1960s, the two regional roads accessing the area
(BR-116 and RJ-122) were paved, which accelerated
settlement process. According to the data provided
by the Guapimirim district government, only six con-
cessions for land division were officially registered
in 1949. Between 1951 and 1959, the number of
concessions tripled, with most occurring along new
roads (Cabral and Fiszon 2004). These new settle-
ment drivers created the need for the construction
of subsidiary road networks which became progres-
sively more complex (that is to say, connected). The
addition of new roads and concessions played a for-
midable role in the exacerbating the rate of defores-
tation and fragmentation (Cabral and Fiszon 2004).

The central methodological point here is that
landscape elements (fields, roads, forests, habitations,
hedgerows, etc.) never have an independent effect
but are part of the wider movement of society, or,
more specifically, of its diverse actors which utilize
those material elements. As Baker (1989) concludes,
rather than a lack of technology to develop and
operate mathematical models, the most important
limit to the improvement of our understanding about
landscape change processes may be a lack of know-
ledge of how and why landscape changes and how
to incorporate such knowledge in useful models.
Obtaining such knowledge requires a better compre-
hension of why people act as they do with regard to
the piece of environment at their disposal. It is ne-
cessary, hence, to understand the relation between

the dynamics of landscape elements and the social,
political and economic dynamics of human beings.
Consequently, remote observations of land-cover
may show the footprints of agricultural intensification,
urbanization and road development; observations of
vegetation density may be related to the effects of
fertilization, irrigation, and other agricultural practices;
and observations of new building construction may
be linked to the effects of local policies on land use
and property taxation (Rindfuss and Stern 1998).

Other studies clearly show the need for
methodological interaction of remote sensed and
socio-historical analysis. Studying the deforestation
dynamics in two government colonization projects
in the states of Acre and Rondonia (Brazilian Ama-
zon), Fujisaka et al. (1996) applied a methodology
based on the validation of field observations through
Landsat image analysis. Imagery-based analysis
confirms deforestation determinants obtained through
data derived from interviews with colonists and from
the behavior of forest clearing, highly associated with
the proximity of main roads. Sierra and Stallings
(1998) were only able to identify and understand the
role of timber exploitation on the deforestation process
in northeastern Ecuador through the assistance of an
analysis at the level of household activities. Turner
Il et al. (2001) came to a similar conclusion but
through a different approach. They started with re-
constitution of the general socio-historical background
(land-use and land-cover history) to identify the type
and general location of forest changes. Nevertheless,
the authors concluded that historical land-use recons-
truction was not a satisfactory analysis of landscape
changes, owing to their fine resolution. To solve this
problem, they used Landsat images and aerial photo-
graphs to identify broad scale landscape changes.

Methodological differences related to the
sequence of application of the remote sensed and
socio-historical phases were possibly related to the
different extents of the study areas. Turner Il et al.
(2001) studied an area of 22,000 km2, an area almost
four times larger than the one studied by Sierra and
Stallings (1998). This difficulty seemed to be inver-
sely proportional to the difficulty of preliminary re-
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construction of the socio-historical background of
an area. Reconstructing a land-use history of larger
areas is easier than smaller ones because of the
greater availability of bibliographic and historical
records for board areas. This trend seems to fit
conditions occurring in Latin American and may be
applicable to other continents.

Based on the examples above, we developed
two contrasting theoretical-methodological observa-
tions about linking between remote sensing and the
field-based social survey in the study of forest change:

(1) Mechanisms of human production of the
landscape should be acquired at least at the resolution
coinciding with social factors affecting landscape
change. In most cases of forest fragmentation, these
factors were restricted to rural land properties. Thus,
landscape analyses must develop a local history me-
thodology, based on rural factors and their interac-
tions, at a resolution to deduce deforestation agents;

(2) Although social field research can provide
detailed, often historically informed treatments of
events that are the cause of land-use and land-cover

change in a particular place (e.g. Wood and Skole
1998), their results are locally restrictive due to the
small and expensive sampling. These results may not
be conducive for modeling landscape dynamics.

The challenge, then, is to use social patterns
observed in the field as part of a spatial model in a
bottom-up sense. At the same time, such a model
should avoid using socioeconomic analysis only as a
mechanism to validate remote sensing results.

4.1. A merged analytical model for
human-driven forest fragmentation

We propose a methodological model that uses
fragmentation patterns to help identifying social-
economic processes that produced the patterns
(Figure 4). Based on the terminology offered by
Geoghegan et al. (1998), we propose an approach
that provides a way to simultaneously “socialize the
pixel” (i.e. signaling the underlying processes that
give rise to land-use and land-cover change), and
“pixelize the social” (i.e. proceeding empirical tests
of hypotheses of human behavior or social structures
using remotely sensed data).

(1) SATELLITE IMAGE ANALYSIS

Landscape metrics

+» Sampling criteria ——» Patch sample

Synchronic description =
(farm-level survey)

(2) SAMPLE ANALYSIS

_, Settlementhistorical ______ peforestation socio-spatial

Iysi
Diachronic description » e i pattems
(photo-interpretation)
(3) STATISTICAL VALIDATION
Qualitative sample-based , Landscape-scale » Landscape change
cause-effect relations spatial statistics patterns

Figure 4. Methodological scheme associating remote sensing and field-based social survey.
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Such a model needs to move among three
analytical levels: (1) fragment and its surroundings,
encompassing rural properties, (2) landscape, encom-
passing a set of forest fragments, and (3) social-histo-
rical processes of human settlement (Gongalves 1995;
Reboratti 1999).

The landscape level identified landscape
patterns and would be used to select field samples.
Through remote sensing and GIS analyses, topological
relationships among forest cover and distribution of
roads, rivers, relief and land-uses are determined.
Based on these relationships, sampling criteria can
be developed related to human pressure or ecological
effects of fragmentation processes. For instance, an
interesting topic in community ecology is the isolation
levels of forest fragmentation, evaluating its effects
on fauna and flora. However, social studies could be
interested in land-use types in nearby forest frag-
ments, evaluating their effects on fragment metrics.

After study forest fragments are chosen, they
must be extensively described, first synchronically,
then diachronically. A synchronic description charac-
terizes the land-use types bordering forest fragments
and is obtained through queries and direct observa-
tions in rural properties. This description aims to
investigate the relationships between the social factors
and adjacent forest fragment from different social
perspectives (economical, cultural, aesthetic and
emotional), settlement time and alterations made by
settlers. The diachronic description assesses the
spatial-temporal configurations of the fragments.
Satellites images could be used to reconstitute the
history since the 1970’s, and aerial photographs since
the 1930’s, in Brazil. This description must encom-
pass fragment metrics and nearby land-use types,
which could be related to deforestation, as roads,
settlements, crops and utility lines.

Synchronic and diachronic descriptions can
jointly provide geographical and social configurations
associated with deforestation processes. The variation
of configurations of human settlements and land-uses
can cause differences between historical processes
at global, national, regional and local scales (Cabral

and Fiszon 2004). The social-historical context,
however, can be reconstructed through literature
searches, historical records and interviews of key in-
dividuals. To relate surroundings forest configurations
to human settlement processes, we can generate
qualitative-graphic models to further reduce the
variation of observations by creating a set of simpler
social, political and economic mechanisms that
influence the deforestation process.

These qualitative models must support
landscape level configurations as portrayed by satellite
images. The causes and consequences of defores-
tation can be validated, based on topological asso-
ciations as revealed by spatial statistics. Through
validation, it is possible to jump from qualitative
models to quantitative ones, thus achieving genera-
lization on landscape dynamics. Following this proce-
dure, hypotheses based on field observations, such
as the restriction of forest in the hilltops and the pro-
gressive deforestation from roads could be catego-
rically analyzed.

5. CONCLUDING REMARKS

Human-driven forest fragmentation is clearly
a multidimensional problem. Thus, it cannot be
suitably understood with *“simple” (mono-dimen-
sional) approaches such as imagery analysis, mathe-
matical modeling or sociological studies (be it house-
hold-centered or macroeconomic). Each of these
captures particular aspects of the phenomenon, but
a far more comprehensive (complex) picture is pro-
vided by combining and integrating them. However,
this task cannot be viewed as a simple mechanical
juxtaposition of distinct methods and techniques —
there must be a theoretical construct framing it. We
believe that this can be achieved, at least in this early
stage of landscape research development, by using
(i.e. engaging case studies) these “patchwork quilt”
methodologies encompassing remote sensing and
socio-economic data and, afterwards, identifying basic
research practical problems. This is the first step
towards a wider development of a much needed theo-
retically oriented merging of methodologies.
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By considering landscape changes in rela-
tion to human society and its history (Cabral and
Fiszon 2004), the deforestation socio-spatial patterns
approach has the potential to address crucial in-
terrelated questions on how much, where, how and
why landscapes changes. As Baker (1989) has sug-
gested, modeling of particular change processes (case
studies) could lead to “general modules” (change
functions) interchangeable among models. These
algorithms can be derived from deforestation spatial
dynamics suggested by ideographic case studies. In
this sense, they could support the generation of wider
models and theories of landscape dynamics. More-
over, because deforestation patterns differently in-
fluence natural communities, these general compo-
nents could include other aspects of landscape
change, such as biodiversity loss. Thus, we proposed
a methodological model that uses fragmentation
patterns to help identifying social-economic processes
that produced those patterns. Using synchronic and
diachronic descriptions we can jointly provide geo-
graphical and social configurations associated with
deforestation processes.
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