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ABSTRACT

Patterns of deforestation in Brazilian Amazonia ariten
associated with different actors, their economiovaies and their
land use and land cover change strategies. Thésernsaare often
analyzed as static landscape objects, they aregated as objects
evolving along the time. This paper proposes tdyatie Case-
Based Reasoning (CBR) technique to establish ramhek detect
object deforestation evolution in an Amazonia raegibhe objects
were analyzed in a sequence of images from diffepamiods
creating the base and rules to apply CBR. The egjdn of CBR
can help the specialist to understand how diffedandscape
objects evolve, to establish object trajectoried @mnrepresent that
evolution.

Categoriesand Subject Descriptors
12 [Artificial Intelligence]: 1.2.4 Knowledge Representation
Formal e Methods representations.
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1. INTRODUCTION

The use of natural resources in an indiscriminadg i8 causing
negative effects all over the world to the ecosysteAmong the
ecosystems disturbs or the human action destrustiands out
the tropical forests, which shelter at least thié dfathe vegetable
and animal species existent of the planet [21]. ffbygical forests
are important to stock carbon and provide habifatsseveral
animal and vegetables species [7]. However, theycanstantly
under threat, mainly because of the dynamic ugbeofand [17].
The destruction of the tropical forests or its fregtation are
decisive processes so the species are extingu{gheisity loss)
or if they turn more vulnerable to extinction [13jfter the
fragmentation, the atmosphere is altered in itsraunlanate,
environmental diversity, the community's dynamaosd diversity
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of species and in the original plenty of their plagpion, which
they can increase, decrease or destroy that pladge [

Recent research of deforestation evolution is ifgmrbecause of
the need to know and control the risk areas. Itldide more

efficient if it was possible to suggest how coutdtbe progress of
deforestation in certain regions based on its ahifpattern

behavior.

A way to detect and to survey the change pattemshe
biodiversity, provoked by human actions, is the oeemote
sensing. The remote sensing is a useful tool teesuthe covering
of the tropical forest in the Earth surface becaok¢he large
volume and quality of images acquired everyday by
constellation of satellites [9]. The deforestatiorapping and
surveying, and the analysis of patterns in tropfosést could
suggest political and local actions for the foresintenance
[2,8,18,20,22,23,27]. The monitoring of the foresid land use
and land cover changes needs historical analyzbshay usually
use satellite images or aerial pictures [17].

A series of succeeded studies exist, in trying inflihg and
defining deforestation patterns, using remote sengropical
forests. Zipperer (1993) identifies five deforeistat patterns
(internal, identation, cropping, removal and fragta¢ion), in the
state of Maryland, and it evaluates as the diffepatterns affect
the forest through the analysis of land use ch§2g Casey and
Caviglia (2000) propose the maintainable agricelttw try to
minimize the deforestation in tropical forests. yhiying to
identify equalities in the form of land use for iagiture in
Campeche, Mexico and in Ronddnia, Brazil [4]. LenKR004)
maps and analyzes forest loss in areas of the mNatiBark of
Kerinci in Sumatra with the goal of identifying neowulnerable
areas to the deforestation. Spatiotemporal anaiysissequence
of images identifies the areas and taxes of defaties for period.
He tries to identify patterns through deforestegaarnear roads
and rivers [19]. Chowdhury (2006) tries to quantdéyd to
analyze the changes that occur in the landscap€alakmul
Biosphere Reserves in Mexico. The study evaluaieghlysical
variables, socioeconomic context and institutionalises that
influence the deforestation in the area. The idetoiidentify a
behavior pattern that defines how the deforestapattern is in
the region [5].

In Amazonia, the main processes of land cover ohang linked
mainly to rural producers involved with agricultureattle
ranching, mining and logging activities and theiiffedent



strategies for land use [3]. The human occupatiom$ in areas
of expansion of agricultural border are associdedifferent

processes of land use and land cover changes. &<2803)

defined a typology of land use and land cover padtdor the

Center-north area of Ronddnia in Amazonia [6]. Tiyisology

forms a synthesis of the main processes assodatie different
categories of rural properties established in #gion and the
different occupation forms. Different actors invedv in the

change of the land use (small farmers, farmerdlechteeders)
can be distinguished by their different land uséepas [17].

These patterns evolve in time; new small settlemneah emerge
and large farms increase their agricultural arethatexpense of
the forest [24].

Silva (2005) treats the problem of detection ofdlarse change
patterns starting from the establishment of a lasd and land
cover typology and using methods for extractionsefnantic
information in satellite images and data minindhteques [24]. A
structural classifier was used linking the spietiknowledge to
patterns detected in the images [24]. One of thédtions of this
approach is that the pattern is classified for acsjg date
representing a new object characterized as a newpaton.
Using this approach once the object is classifietbésn’t change
anymore a significant part of the information offatestation
pattern such as its previous history, importantnaerstand the
evolution of land use change pattern is lost.

The goal of this paper is to extend the method @seg by Silva
(2005) to identify cases and define how deforemtatbbjects
evolve in a rural settlement in Ronddnia using els&Based
Reasoning (CBR) technigue. We presented a briédiogvabout
CBR technique and its applications in section 2séntion 3 we
showed the model of cases created. In the sectiva gresented
CBR proposed under development. Section 5 preséms
conclusion.

2. CASE-BASED REASONING AND THEIR

APPLICATIONS

Case-Based Reasoning - CBR is a technique for emubl
resolution that recalls and adapts solutions ueesbtve similar
previously problems [1,16,28]. CBR is based on theman
natural reasoning and there are evidences thaieesp CBR in
his daily reasoning.

The concept of CBR was developed, partly, as aiteaof some
disadvantages of traditional techniques of artfiantelligence, as
the Rule-Based Reasoning (RBR) that consists ifyzing a

situation through a group of established rules.

One advantage of CBR about RBR is the knowledgengett is
easier for specialists to explain new solutionwipresly recalling
solutions for problems found than doing inferengetentially on
a big group of rules. Systems based on rules dba memory,
forcing the construction of solutions starting fréine beginning.
When a problem does not fit in any rule, the systarmot simply
solve it [15]. Systems based on cases, in othed,hpnssess
memory of previous cases and continually increasésving
adapting cases with similar characteristics that lba useful to
solve a new problem.

The basic cycle of processing CBR proposed by Aathamd
Plaza (1994) is composed by four main tasks: Ietmver the
most similar cases of the database cases, 2) te itbe cases to

solve the problem, 3) to revise the proposed swiutind 4) to
keep the experience representing the current cadetire reuse
[1].

CBR can be applied to the most varied domainshan diversity,
we can distinguish two basic types of CBR impleragah:
totally automatic system and recovery systems basedases
[16]. Automatic systems solve the problem in aroramous way
and have interaction mechanisms to evaluate thdtsesf their
decisions. Information recovery systems based saszanake use
of people to solve the problems, as an extensigheomemory of
the specialist who must use the reasoning and itekeecision
[15]. This work is developed based on this secomulémentation
type.

Case-based reasoning presents characteristicsmbigtate its
application in environmental modeling. Environmémieoblems
are inherently complex and in general insufficigrkhown and
modeled. CBR is a technique where the knowledgeadeled
starting from samples, so it is not necessarilgntalel in a formal
way the knowledge domain [15]. Kaster (2000) depetb an
application that has a mechanism of intelligenbwvecy and the
edition of models uses techniques of Case-BaseddRéd. His
goal is to aid users to develop new strategies rablpms
solutions of environmental planning. It starts frostrategies
already stored in a based on scientific workflowat tinteracts
with a Geographic Information System (GIS) [15]. odmer
application that combines CBR and GIS is the systaim
classification of soils denominated ZONATION [1This system
allows specialists to do classifications basedr@vipus instances,
using specific knowledge of the domain.

Other CBR approaches supporting applications mtlate
environmental decisions have been developed. Hpst{h996)
developed a system of alerts warning on infestatiamd
grasshoppers combining CBR and reasoning based aifels
[10]. Verdenius and Broeze (1999) developed a systased on
applied CBR to the domain of waters and sewer rtreat using
plants and microorganisms. The idea of the systensists in
manage the level of oxygen and to decide in sewtahtions
which measure must be taken [25].

This paper combines CBR and the structural class#iming to
identify evolution of deforestation patterns in Azaia. We
believe the deforestation evolution in settleméollsws the same
pattern. The CBR can present the history of theeaibj
represented by deforestation object, allowing usdentifying

when a different deforestation pattern occurs ftbeestablished
pattern.

3. DEFORESTATION EVOLUTION CASES
The model of cases was generated from the analggis
deforestation evolution patterns in Agrarian Setdats Project
calledVale do Anariin Ronddnia. This settlement established by
INCRA (Colonization and Land Reform National Instifyite
is locatedVale do Anarimunicipality, in Rondénia state. This
settlement project was established in 1982, witts Isize of
approximately 50 ha. The main process that wasuoegtusing
the images mining was tfencentration of lands lotR4]. This
process can be described as a successive acquditiand lots in
a rural settlement drifted by the government, tésgilin medium
and big farms [6].



Aiming to detect spatial deforestation patternsatyits and to
associate them to different actors and processes #lementary
structures were recognized in the analysis of ésfation data:
irregular, linear and geometric [24]. Starting fréime typology of
land use and land cover patterns, the characteristf those
patterns, illustrated on Figure 1, were defined as:

Linear. distributed along roads as land use the hand of
family work, subsistence agriculture and/or cattleeding for
small settlers.

Irregular: close spatial distribution to main roads and
population nucleus, deforestation size less thamab5@ends as
land use the hand of family work, subsistence atjtice and/or
cattle breeding for small settlers.

Geometric large deforestation than 50ha, tends as land
use of the cattle breeding for medium and big fasme

Those patterns were classifiediale do Anariin the period from
1985 to 2000 capturing the areas of land concénitrahat differ
from the typical pattern of settlements projects.

» e
. P
y p ] ——
Irre gular Linear Geometric
: Patterns Composition

D Linear
B Trregular f
B Geometric

Figure 1. Deforestation Patterns of Vale do Anari
Source: Silva (2005)

We propose the description of deforestation patesmiution in
the study area, presenting the history of the ¢bjezpresenting
deforestation and allowing us to identify casesnile§ how the
patterns are formed.

The deforestation evolution was evaluated in a tealpimages
series TM/Landsat 5 (231/66 and 231/67, from 198%@00,
with resolution of 30m) [12], classified by thewsttural classifier.
We studied the spatial relationship (touch, inside)ong the
objects that represent the patterns in differeribge of time. The
goal was to show the cases where two areas dedfdrestlifferent
periods represent the same area and they shoulthited, and

when they should be maintained in separate suggesibt in
concentration. Table 1 presents the illustrationthaf group of
studied patterns.

Table 1. Objectsevolution representing the deforestation

patterns.
Fattemm 1 (tl) | Pattern 2 (t2) Fattern C'reated Meaning
fr— i e
Linear Linear Linear Road
Linear Linear Irregular Small Lots
A 3 »
Irregular Irregular Irregular Small Lots
Irregular Irregular Geormnetric Large Cencenitration
Geometric Indifferent Geometric Large Cencentration

We noticed that depending on the context the urepnesents the
deforestation evolution of object however in certaases the
union of two objects should not be done, becausdoésn’t
represent its evolution, but two different objectanother
situation is that in settlements projects the lats distributed
along the roads and the deforestation of a lotrisegiarting from
the roads for the bottoms of the lot. Deforestatialong the roads
belong to different lots, in other words, they different objects.
In that way it is fundamental for CBR to know thejext with
typology road is defined in the first period of evaluation. The
Figure 2 shows the need to increase the contetiarstudy of
objects evolution.

Different objects

Figure 2. Study of the context in the evolution of the objects.

Table 2 presents the first cases created to exigntipdit study and
to compose the database cases of CBR proposed.



Table 2. Cases created starting from the studies of the
deforestation evolution.

Cases Problems/Syp to1ns Solution

Problem | Pattermnl | Pattern 2 Pattern Context Diagnosis Operation
Created

Case 1 | To define Linear Linear Linear Indifferent Road Union
evolution

Caze 2 | Todefine Linear Linear Irregular Indifferent Srrall 1ots Union
evolution

Caze 3 | Todefine | Irregular Irregalar Irregular | Verlical the Small lots Union
evolution road

Cazed | Todefine | Irregular Irregilar Irregular Along the Small Sepamts
evolution road different

Case 5 | Todefine | Irregular Irregular | Geometric | Indifferent Large Union
evolution concertration

Case 6 | Todefine | Geomelric | Indifferent | Geometric | Indifferent Large Union
evolution concertration

These cases consider the analysis done aboutficiatssnh of the
patterns, the union in different periods and thsulteof that
union. It also considers the spatial distributiohtloe objects
about road to define two objects that touch eadiergtthey
should be united or kept in separate.

4. CBR FOR EVOLUTION
DEFORESTATION PATTERNS

CBR here proposed will interact with theages databasereated
by the structural classifier. The objects of thosages classified
in patterns are not directly the entry data for CBRose data
should be used to create the new case agree witestiablished
attributes (pattern 1, pattern 2, created pattand, context). With
the new created case, CBR looks for the most sirodae [28] in
cases databast® aid the specialist in the socket of decision fo
representation of the objects evolution (Figure 3).
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Figure 3. CBR for evolution of deforestation patterns.

Thenew caseeeds to be created because the structural @assif
classifies the patterns statically. The module fkatalled new
casehas as objective to look for patterns classifiec iseries of
images, to unite the objects that possess spat&ianship and to
classify that new created object (Figure 4). Os thbment three
of the four attributes of the problem of the modélcases are
created (pattern 1, pattern 2 and created pattdimg. context
must be defined by the specialist’s interventioat till define
what objects are, for instance, along the roadeedical the road.
The default context isndifferent The new created case is the
entry of CBR that looks for the most similar casethe base of
cases (recovery), that it can be used in the swludf the problem
(reuse) or adapted if it is necessary (revisiomd atored for
future use (retention).
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Time 2
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/ New Case \

Problem: To define evolution
Pattern 1: Linear

Pattern 2: Linear

Pattern Created: Linear
Context: Indifferent
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Figure 4. New case created.

The solution proposed by CBR, allied to the spestlal
knowledge, defines the operations will be usedufite or to
maintain).

5. CONCLUSIONS

This paper proposes a CBR, still in development,ai the
specialist to analyze deforestation patterns eimiuin Brazilian
Amazonia. CBR will interact with an already exidtestructural
classifier that classifies deforestation pattergee@ with a land
use and land cover established typology. Startimgnf the
classified images the new case is created (problend) the
database cases is researched in search of casésuprevith
similar description the current situation. The graef first cases
created needs to be improved, and despite of tise ba be
updated with new cases, studies continue to bengucshed for
the search of the best representation of the yedlihe cases can
be exported so their rules are applied in new systgith the goal
of preserving and to present the history of evgvabjects. We
suggested applying CBR in different agrarian settiets projects
to validate the cases.
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