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AN ECONOMETRIC STUDY OF DEFORESTATION IN THE BRAZIL 'S
AMAZONIAN MUNICIPALITIES

Rodolfo Coelho Pratés
Carlos José Caetano Bacha

Abstract

Brazil has been pointed out as the number one goghbp downing tropical native forest.

This process takes place especially in the AmazwarMBasin Area, which holds the largest tropical
forest area in the World and spread over nine wiffe Brazilian states, compounded of 782 cities.
However, these cities have different economic sainecand different paces of deforestation. Using
both analytical and econometric frameworks, thipgoaevaluates the causes of deforestation in the
Brazilian Amazonian municipalities from 2000 to 20(Btarting with an analytical framework, the
main causes that led farmers to cut down forests aomvert the soil use to other activities are
highlighted. Basing on the analytical framework, eguation is developed and estimated using a
dynamic panel data model. Agricultural prices, haradit and government expenditure on transport
have played important roles as stimulators for weftation as well as an inertial process of
deforestation has taken place. The article endsulggesting some policies to restrain deforestation
without reducing the income of farmers and the ssibdity of the local population.

Key words: Amazonian region; Brazil; Deforestation; Pandbda

1. Introduction

Most of the land currently occupied by human beihgs undergone deforestation,
and the later remains an ongoing process. Accortdirgy study conducted by the Food and
Agriculture Organization (FAO), between 1990 an@2¢he average deforested area in some
tropical countrie$ was as high as 9,464,067 hectares per year. Bstmilds out with
2,821,933 hectares of deforested land per yealowied by Indonesia, with an average
deforestation of 1,871,467 hectares per year, aymhiar, with 466,467 hectares per year.

On the African continent, there is an annual dedfiat®on of 650 million hectares. The
growing demand for farmland, land for raising liteek and building infrastructure, increased
demand for energy products from forest lands (aasfirewood and charcoal), the growing
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need for construction inputs and other needs raswdpproximately 5.3 million hectares of
deforestation in Africa every year (KOWERO; CAMPBELSUMAILA, 2003).

In Asian countries the scenario is similar. Thadlafor instance, between 1976 and
1989, lost around 28% of its forest land (CROPPERIFFITHS; MANI, 1996). In
Indonesia, due to the country’s major insertiontbe world wood-based product trade,
around 300 thousand hectares of land were deforesteyear during the 1970s. This number
rose to 600 thousand per year in the 1980s andhedatie one million hectares mark in the
1990s (SUNDERLIN; KESOSUDAMO, 1996).

The situation in Latin America is no different frothe other tropical regions. The
growing levels of deforestation in the region résdilin an average loss of 0.4% of forest land
per year during the 1990s (ACHARD et al., 2002).

Focusing specifically on South America, deforestatcontinues to grow. In the
countries that form the Amazon Bdsirior example, between 1990 and 2005, 3,429,066
hectares of forest land were lost every year

Particularly in Brazil, the rate of deforestatiangrowing and suggests that the large
area of native forest, the Amazon, will see itd&gape transformed.

Although deforestation enables economic growth twelog extraction and the
alternative use of the soil for agriculture, it hesgative impacts on the local, regional and
global environments. On the climate aspects, dsfatien changes the carbon cycle and
rainfall patterns. On the soil aspects, deforestaiticreases the potential for erosion, reduces
the capacity to retain sediments, and drops th@dbon of soil and causes an unbalanced
nutrient cycle. In terms of biological elementsfadestation leads to the elimination of
pollinating agents, biological control agents and reduction in genetic resources
(COSTANZA et al., 1997).

In Brazil, and more precisely in the Legal Amazcaeygiorf, in addition to the
environmental problems outlined above, there as® aocial problems that stem from
deforestation or are concomitant with it, such &zwe of land, expropriation and
marginalization of persons, including native Briazis. Other problems include endemic

diseases and land concentration.

* The countries that make up the Amazon Basin area@alivia, Brazil, Colombia, Ecuador, Guiana, Frlen
Guiana, Peru, Suriname and Venezuela.

® Calculated from FAO data, available at <http:/im#ao.org>. Retrieved on 10 February, 2007.

® The Brazilian Legal Amazon accounts for 5.2 millien?, equal to 61% of Brazilian territory. This region
encompasses the total area of Acre, Amapéa, Amaz&aad, Rondbnia, Roraima and Tocatins plus theeGen
west part of Mato Grosso and the Northeast pakaranh&o.



Many papers and reports have explained the cadistefarestation using a variety of
focuses and procedures and among them the econmapg&rs stand out. These generally
relate deforestation to the economic behavior &exint agents who are either directly or
indirectly involved in the process. Despite thesesuof deforestation have been pointed out,
little has been researched about what are the impéaeach cause on deforestation.

Inspired by what has been outlined above, the tilsgeof this article is to quantify
and evaluate the causes of deforestation in thealLAghazonian municipalities using a
dynamic panel data. The period of 2000-2004 isftices of the article. In addition to this
introduction, there is a review of the literatureSection 2. The analytical framework and
methodological procedures are presented in Se@&joand the analysis of the results is

showed in Section 4. The final considerations aesgnted in Section 5.

2. Review of the Literature

In the wide range of works on deforestation, ni@ste sought to explain the reasons
behind this process. Some authors have emphatiaihted to specific factors as the cause
of deforestation in the Amazon, such as constroatiothe paving of roads or other works of
infrastructure (LAURANCE et al., 2004; SOARES FILH®Dal., 2005; WEINHOLD; REIS,
1999), the growth of livestock (MARGULIS, 2003), ybean expansion (BRANDAO;
REZENDE; MARQUES, 2005; FEARNSIDE & GRACA, 2006) @ven the growing
population. However, the factors are actually nplatiand are plainly related to one another.
In addition to seeking the causes of deforestatoiurther challenge in the empirical papers
Is to measure their impact on the generation afréstation.

In the following paragraphs, some of the main wgr&gforming econometric analysis
of the cause of deforestation, both in the Amazod ather countries, are analyzed. It is
worth mentioning that these papers are importarravide guidelines for and justify the
choice of the variables that make up the econometadel that is proposed and estimated in
this paper.

In general, the works measure deforestation uiagrea of forest land that was lost
between two time different years (ANDERSEN; REIS91;, PFAFF, 1998; WEINHOLD;
REIS, 2003; PERZ, 2003; PERZ; ARAMBURU; BREMNER,03). Another possibility,
however much more complex and to date seldom ceresidin empirical works, is using a
measurement of the quantity of biomass that isieited during the removal of the natural
cover (GRAINGER, 1999; ALVES, 2001). Another methisthe one employed by Young
(1997), which used the increase of farming land psoxy of deforestation.



In all the reviewed works that analyze deforestatthrough economic models,
population is the factor that is mentioned most nvlagtempting to explain deforestation
(CROPPER; GRIFFITHS; MANI, 1996; ANDERSEN; REIS, 99 TANAKA; NISHII,
1997; CULLAS; DUTTA, 2002; PERZ; ARAMBURU; BREMNERO0O05; BARRETO et al.,
2005). As Tanaka and Nishii (1997) point out, tlopydation variable implicitly incorporates
other variables, making them unnecessary. Furthernpopulation is easy to measure, which
facilitates works of an empirical nature. Howewamsidering population as the only variable
for explaining deforestation does not capture the teasons for it. For example, there are
also economic actions (HOGAN, 2001) and the pditiet encourage deforestation.

The works agree that deforestation takes placetduihe presence of the human
population and the activities substituting forestvide food and raw materials for human
subsistence inside the deforested area or far Alathe empirical works agree that the larger
the population or the higher its growth rate, therenpressure there will be for deforestation
in a given region.

The roads variable, measured by the cost of tahsp the distance between a certain
place and a commercial center or a place wherelisspgan be acquired or goods can be
exported, was also identified in the empirical worlon deforestation (CROPPER,;
GRIFFITHS; MANI, 1996; PFAFF, 1999; WEINHOLD; REIZ999; WEINHOLD; REIS,
2003). Cropper, Griffiths and Mani (1996) examiried impact of the pressure of roads and
the population on deforestation in Thailand betw&6i6 and 1989. The model takes into
account, using the above variables as a basis,thieatand market in the short term is
balanced. However, in the long term, deforestadiemends on the profitability of farming and
the costs of deforestation.

Arima et al. (2005) used a combination of the comsubehavior theory and the
geographical information system to analyze theiabdecisions of the economic agents.
Their results showed that deforestation increaseti@number of roads grew. Similar results
are found by Pfaff et al. (2007). They analyzedithpact of more roads on deforestation in
the Amazon region and concluded that the growingber of roads, whether paved or not,
helped to increase deforestation. Weinhold and R€99) analyzed the connection between
population growth and growth in infrastructure @62owns in the Amazon region from 1975
to 1985. The differential in this work was that radtructure was incorporated as an
endogenous variable in the model, unlike the ottanks, which indicated their exogeneity,
l.e., itis a growth in infrastructure that leadsatgrowth in population which, in its turn, leads

to deforestation.



Palo et al. (1997), cited by Intergovernmental Pare Climate Change — IPCC
(2000), showed that there is a correlation betweeome levels and the rate of deforestation.
Young (1997) found positive correlations betweefodstation, agricultural prices, amount
of available credit, the number of roads and theepof land. Pffaf et al. (2004) found results
that were different from those of other works or tlelationship between income and
deforestation in Costa Rica between 1963 and 28@@r isolating areas with higher and
lower income levels, the authors found that thera ihigher rate of deforestation in lower
income areas.

Andersen and Reis (1997) estimated a deforestatiotel based on the demand for
farming land. They sought to evaluate the diffeiaatruments used for development policies
from 1970 to 1985. The model takes into accountlélel of urbanization in the town, the
growth rate of the local market, land prices andegoment actions.

Ferraz (2001) analyzed deforestation in eight statethe Amazon region between
1980 and 1998, linking it to the expansion of fargniand the breeding of livestock. The
expansion of crops correlates positively with thhespnce of roads, rural credits and land
prices. Livestock has a positive relationship wihds and a negative relationship with cattle
prices. As both crop and cattle require open ldnely have an impact on the deforestation
rate.

Pfaff (1998) analyzed the determiners of defotesian the Brazilian Amazon from
1978 to 1988. The econometric model that was adomensists of determining a
representative equation of the possible factorsldzal to deforestation. The assumptions are
that the land is allocated to alternative usesrdento maximize profits. The results are in
accordance with the economic theory and with tihemémpirical studies: more roads have a
positive impact on deforestation; government dgwelent programs also speed up
deforestation; areas that are far from the marketsless susceptible to deforestation; and
areas with more fertile soil are also more likeyoe deforested. The author highlights that no
relationship was found between the population sizé deforestation when this variable is
analyzed along with the others.

Ferraz (2000) analyzed the reasons for growth incalgure and the raising of
livestock in the Amazon region between 1980 and519@8ing multiple regression models.
The dependent variables “conversion of forests fatming areas and livestock areas” was
run against to the value of production, cost olilsp(land prices and wages), extended paved
and unpaved roads and rural credits. All the inddpat variables were positively related to

deforestation.



Reis (2001) applied an econometric model to evaldbhe indirect effects of the
Carajas Steelworks (Pdlo Siderurgico do CarajasPamtuguese) on deforestation. The
explanatory variables used were farming and liv@starrbanization and industrialization.
The results showed that the steelworks had no itrgpadeforestation in the region. Barcellos
(2002) reached the same conclusion of Reis (2@@inting out that the impact of mining on
deforestation is minor in comparison with crops anelstock expansion.

Arcand, Guillaumont and Jeanneney (2008) used aardyn model to evaluate
deforestation among developing countries and usitagest rates, exchange rates, per capita
GNP, the price of wood, population growth rate amdal population density rates as
explanatory variables. The authors conclude thairtderm economic policies affect
deforestation levels.

The aforementioned literature spawned new resegurittad simultaneously took into
consideration the different causes of deforestationa theoretical model and more
disaggregated data, at the municipal level, foramse, for estimating the equation resulting

from the theoretical model, which has so far reegilittle attention.

3 Analytical and methodological framework

3.1 Analytical framework

In order to systematize the debate on deforesta#iatieoretical model concerning
deforestation is presented. The model is basedhernobthe models developed by Angelsen
(1999) and adapted by Silva (2009).

The paper assumes that the agent responsible foredtation is the farmer, who is
interested in maximizing the income generated loh emit of land. The base for comparison
is the expected profit (receive minus costs) ofrthe-sustainable use of the s@l¢ — %) in
relation to the profit expected from the sustairalbe of the soi{R® — C%). The latter is
based on extraction and other forms of generatingme that do not include eliminating the
natural cover. Therefore, expected deforestatiomailsulated by the difference between

income derived from activities that exclude nate@ler or do not:
D = fE[(R* — C*) — (RS — C9)] (1)

The expected income from the non-sustainable ugbeotoil (E(R%)) includes the
wood obtained from deforestatigR™) and the income from the economic activities that a

possible after deforestatiof(R%)), which means activities with crops and livestolekits



turn, the growth in farming depends on exogenou#ofa such as the price index of crops
(P%), the price of meatP¢), and the specific conditions of the farming af€®), e.g., the
natural characteristics of the land (types of lanalf, types of soil, level of deforestation,
predominant types of economic activity and distamew®veen the producer and consumers). It
is assumed that the specific conditions of the fama constant over time, but they are

different from one town to another and are homogasénside them.
Summarizing, we have:
E(RY) = f(R™ + E(RY)) 3)
E(R%) = f(P% P¢,CP) (4)

The non-sustainable use of land implies costsudiob the cost of log exploitation
(€C™) and the costs of planting and harvesting crops brekding livestock(C%).
Furthermore, it also depends indirectly on the eauin policies for agriculture, such as
government expenditure to encourage farm{dégl) and rural loans(CR). Furthermore,
government policies that impact the cost of producalso constitute subjacent factors to
deforestation, as is the case of government expardin the transport netwolk&'), which
reduces logistical costs and increases profit. Tthes cost of the non-sustainable use of the

soil (C%) is determined by:
c% = f(C™,C%GA,CR,GT) (5)

A deforested area is connected to the problemeofahmer and this problem, in turn,
has to do with maximizing profits, given the paraeng of decision making, and is subjected
to the restrictions of production (costs). The ahthe farmer is to maximize his profifa)
given the crop price6P%) and meat price€P¢) and subject to the cost elements in Equation

(5), plus the specific conditions of the farml@6#&). Therefore:
Max:t(P%, P°)

Subject to: C*, GA,CR,GT,CP (6)

The above equation is in accordance with the dfshe three perspectives established
by Kaimowitz and Angelsen (1998), i.e., the scdléhe individual farmer, the regional scale
and the national scale. Therefore, it is a retarthe classic problem of the microeconomics
of maximizing a function with imposed restrictiorGenerally, restrictions on the agent are

exogenous, such as prices, resource endowmengrgmees, economic policies, institutions



and alternative technologies. It is worth pointmg that the decision-making parameters of
the farmer are determined on broader scales thpndieon the conditions of the market and
public and private institutions, as well as pokci¢hat are positively correlated with
agriculture.

Basing on the above framework and the main expdapaariables suggested by the
empirical studies reviewed in the prior sectione tiollowing equation is suggested for

estimating deforestation:

InDesmat;; = ay + f1InIPBA;; + BoInIPS; + [3PCit + [4lnGA;—4
+P5InCRit—1 + P6lnGTir—1 + €t (7)

P%is evaluated by BA (crop prices, excluding soybeans) d@x%l= soy pricesPC is
the price of meatGA= government expenditure on crops and livest@idk;= rural credits;
and GT refers to government expenditures with partsnetworks. It is assumed that the
values ofGA, CR e GT in one year affect deforestation in the next yaat agricultural prices

will be in line with deforestation.

Subscriptsi and t, respectively, represent the town under study dred ytear of
observation. There is information available on #@@icipalities for 2000 to 2004.

Thus,i=1, ..., 782 ¢= 2000, ..., 2004.
o and thefs are the set of coefficients to be estimated.

Therefore, there is a panel of data consideringZ8&municipalities for 2000 to 2004
in the nine states that make up the redidhe signs of the coefficients are all expecteteo
positive.

In order to obtain directly the elasticities, Eqoat7 is expressed in logarithms.

The econometric model used here is on the scalbeofarmer (KAIMOWITZ &
ANGELSEN, 1998). The farmer is the agent who carmeit the deforestation, but the
variables that affect the farmer’s decision to desbare determined on an external scale, and
these variables, in turn, are also determined dmoader scale, which is denominated by
variables that are subjacent to deforestation. 8fbez, a model that captures the effect of the
different types of determining variables of deféaéen may be preferable to the alternative
models. Thus, the results presented here attemestablish these relationships through a

dynamic model that adequately captures this funatiéorm.

" For each variable there may be as many as 3,%¢hadtions.



The importance of a dynamic model to explain dedftaton is justified by the fa
that deforestation cannot be seen as a contemmaranghenomenon of the activities
factors related to it. Furthermore, a dynamic dpedly for deforestatior(inertia effect) can
be conceived because in the short term, the sutistitof activities such as timber is r
fully possible. Therefore, the structure that haerberected leads to the continuatior
deforestationgven when there are no factors ccount for it.

3.2 The data

Using data concerning Production Ve (VP) and Amount Produce(QP) for both
temporary and permanerdrops, a price index was generated for each of the
municipalities for each yearanalyzed(from 2000 to 2004). The pricef soybean was
calculated using this same procex.

The wral credit data were obtained on a municipal séaden the website of th
Brazilian Central Bank. The data on Government [Begare on Agriculture and tr
transport networks wereollectec from the website of the National Treasure Secrataalsc
on a municipal scale.

The price of meat was calculated based on the prbéshed irAnualpecand on the
Arima et al. (2007) an&ilva (2009 paperswhich adopted a procedure based on trart
costs to determine the average price that livedboek&ders received in eacity.

Population and income level for eamunicipality were retrieved from thdPEA

website(http://www.ipeadata.gov.L.

3.3 Econometric procedures
The dynamic model for panel data proposedArellano andBond (1991)may be

expressed as:

Desmat;;, = yDesmat;,_; +x";p + & (8)

wherex is the matrix containing all the explanatory valésbance is the random err. In this
model, the dynamic of the model is given by inchgdihe lagged explanatory variable am
the independent variablehis procedure includes the inertia ef (SANTOS, 2009)
because it can be understood that the invalidadfothe exogenous viables still causes

deforestation.



The model assumes that the explanatory variables cantemporaneous wi
deforestation. However, there is empirical evidetitat some of the factors that affi
deforestation arenot contemporaneous with (FERRAZ, 2®1; PORTELA &
RODBEMACHER, 2001). Thus, thnew version for Equation (8) is:

Desmat;, = yDesmat;,_; +x';;_ 3P +2",;86 + £, (9)

In other words, in addition to the inclusion of tthependent lagged variable in one pe|(
Desmat;;3 ) among the explanatory variak, there is also a set of lagged explana
variables in a period ®it-1) added to the inclusion of contemporaneous explay
variables ¢'it ) to thelepender variable.

The variables Population, Municipal Income, Ruregdit, Agricultural Costs an
Transport Costs are also treated as endogenohs edbpted model, i.e., they constitute ¢
of instruments utilized in the regression. The fawt they are included in the model
endogenous variables means that they alsermine the other variables that are consid
contemporaneous to deforesta. The inclusion of instrumental variables in a dynapanel
data model interferes crucially with the generastimates. To test the joint pertinence of
instrumental varibles incorporated into the model, the Hansen Jsstatvas used, whic
proved to be effective in the presence of hetedestecity. The non rejection of the nt
hypothesis indicates that the instruments usedaid.

The autocorrelation of the reue was also tested, in other worElsigi:1 =0 _ for

i=1..N es#t  Asthe termsix represerst the sum of two terms of er (&ix = W; + Vi
), Wi is, by definition, autocorrelated, due to its cleéeastic of represnting fixed effects o
status. However, it is worth pointing out that tmethod described bArellano and Bover

(1995) eliminges this problem sour.

4 Results

There is a consensus that until the early 19708 1% of theLegal Amazon Region
had been subjected to deforestation. As shown IleTa, 67.54%  of the area had fore
coverage in 20Q0This shows that between the early 1970 and tlae 800 not only wa
deforestation accelerated but it also became madespread, reaching into ensive areas

of the region.
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Between 2000 and 2004 (the period under studlyisnpaper) the deforested area rose
from 18,226 KM a year to 27,429 Kfma growth rate of over 50%. In global terms, this

meant 1.76%-reduction of the remaining forest cager

Table 1: Evolution of forest coverage and defotestan the Amazon

Estimated remaining forest coverage inPercentage of forest

Year the Amazon (Krf) coverage* Deforested area($m
2000 3,524,097 67.54 18,226
2001 3,505,932 67.2 18,165
2002 3,484,727 66.79 21,205
2003 3,459,576 66.31 25,151
2004 3,432,147 65.78 27,429

Source: INPE (2006)
However, deforestation is not homogenous amongttites that make up the region.

Table 2 shows that the deforestation is more widegpin some states, while in others it is

less so or even almost non-existent, such as geeafsState of Amapa.

Table 2: Deforested area in the states of the L&geizon Region: 2000-2004 (Kfyear)

States 2000 2001 2002 2003 2004
Acre 547 419 730 885 769
Amapa n/a 7 0 25 46
Amazonas 612 634 881 1,632 1,221
Maranhao 1,065 958 1,014 993 755
Mato Grosso 6,369 7,703 7,892 10,405 11,814
Para 6,671 5,237 7,324 6,996 8,521
Rondbnia 2,465 2,673 3,067 3,620 3,834
Roraima 253 345 84 439 311
Tocantins 244 189 212 156 158
Legal Amazon Region 18,226 18,165 21,205 25,151 4297,

Source: INPE (2006)
n/a = not available.

The deforested area in the states of Mato GrosddPara correspond to over 70% of
all the deforested area in the Legal Amazon Reginly the state of Mato Grosso is
responsible for around 40% of the total deforestain the nine states analyzed. This is
because Mato Grosso is the southernmost state iArttazonian Region. As it is near to the

most dynamic states, there is an intense flow ofipation and, consequently, deforestation.
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Table 3 shows the descriptive statistics concermieforestation and variables that

cause it. The average area of deforestation peicpahty during the period under study

was 735.99 Krfi From this value it is possible to obtain the medeforestation per city for

each year, which is 147.19 Km

Table 3: Descriptive Statistics of the Variableshef Model (given at a municipal level)

Minimum Maximum

Variable Mean Standard Deviation
Deforestation (Krf) Overall  735.9908 1064.669 0 12,194.9
Between 1057.464
Within 128.1961
Municipal income (R$) Overall  40534.64 195701.4 67.42 3,951,822
Between 194919.9
Within 14842.46
Population (unities) Overall 27198.3 85783.82 697 159,255
Between 85513.76
Within 5251.312
Rural credit (R$) Overall 4534868 1.36E+07 500 2.12e+08
Between 1.16E+07
Within 6384994
Expenditure on Agriculture 0 1.41e+07
(R$) Overall 195828.6 608304.2
Between 467184.5
Within 323082.8
Expenditure on transport 0 6.93e+07
networks ($) Overall 671350.3 2485601
Between 1949565
Within 1221277
Price of crops - excluding 0 33.5054
soybeans (price index) Overall 1.42953 1.041368
Between 0.828447
Within 0.631536
Price of soybean (price index)  Overall 0.089066 907B2 0 0.79002
Between 0.149376
Within 0.118774
Price of meat (price index) Overall 659.49 104.05 49.75 789.55
Between 99.328
Within 75.55

Source: data generated in this research.

Table 3 shows that some variables in the equdidrare null in some cities of the

Amazon, including the deforestation (the interestadable in this paper). The non-existence

of deforestation in unthinkable, but we can imadhm there are deforested areas that are not

detected by satellites because the areas arevedyasimall. Furthermore, in accordance with
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Homma (2006), in some districts of the Amazon thera practice known as “quebradao”
(breakage), which consists of removing vegetatiaat lies closer to the soil, thereby leaving
the taller trees intact. This is another instama the satellite sensors do not detect, thereby
underestimating the extent of deforestation.

The Dynamic model (GMM) and the Fixed Effect modare run and the results
appear in Table 4. The reason for running the Fixtdct model is the fact that Chow test
proves the existence of unobservable individuaa#f among the cities where deforestation
is increasing. The test was significant, thus assgrtine presence of fixed effects, which are
the specific conditions of the production area.SEhare not observed and have a direct effect
on deforestation. However, most of the coefficieegimated by the Fixed Effect model are
not statistically significant. Besides the constamtm, the only statistically significant
variables are the expenditure on transport andotloe of meat. As the fixed effect model
shows the short term effects, it may be that therogstimated variables actually have a long
term relationship. Thus, the dynamic model apptabe of a greater explanatory capacity.

Table 4: Result of estimated parameters

Model
Dynamic Fixed Effects
(GMM)
Deforestatiom 0.75204*
(3.57)
Rural credit; 0.087292* -0.0026262
(5.10) (-0.08)
Expenditure on Agriculturg -0.04347* -0.0085942
(-4.51) (-0.57)
Expenditure on Transpart 0.088637* 0.0559308*
(7.11) (2.94)
Price of Meat 0.343815* 0.233301*
(12.94) (3.12)
Price of Crops (excluding soybean) 0.69604* 0.0903304
(8.08) (0.92)
Price of Soybean 0.502222* 0.1643029
(7.03) (1.75)
Constant 3.244669*
(3.17)
Chow Test 47.82*
Hansen J Statistic 4.27
Serial Correlation AR (1) -5.02
(0.000)
Serial Correlation AR (2) 2.21
(0.027)

Note:*** ** and * mean a significance of 10%, 5% 1%, respectively.
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Based on the Dynamic Model results, the first ssefp analyze the Hansen J Statistic.
This shows whether the instrumental variables usdige regression are valid. If they are, the
null hypothesis is rejected; if not, it is accept&te third line from bottom to up in Table 4
shows that the Hansen J Statistic is not statlitisagnificant. Therefore, the null hypothesis
is rejected. Thus, the instruments included inrdgression are valid. In their turn, the first
and second order serial correlation tests indittae the instruments are valid because they
are not correlated with the term of error.

As shown in the literature, there are several caw$aleforestation, with the caveat
that some of them are more common in some states ith others. However, there is a
common denominator that lends support to this stddforestation occurs because farmers
wish to use the land for crops and livestock. Femtiore, the estimated coefficient for lagged
deforestation is statistically significant, suggegtthat the dynamic model is appropriate.
This shows that there is inertia in deforestatishat may be directly linked to the fact that
deforestation is an activity that requires few teses and that there is a local population that
specializes in doing it. Thus, irrespective of #tienuli of prices and policies, deforestation
exists. Moreover, there is a tradition embeddedhan culture of the local population that
ownership of the land is not recognized until tlere$t has been removed, and this
encourages deforestation.

The estimated coefficients concerning public pelci(rural credits, government
expenditure in agriculture and transport) are stiatlly significant. However, the negative
sign of the coefficient for government expendituragriculture is not in accordance with the
one expected. As stated by Gasques (2001), thie fafr expenditure comprises many
functions, which impact the behavior of the farrddferently, and one of the farmer’s many
activities is deforestation. In addition, other pegy such as Prates and Serra (2009), have
found no relationship between government experalitum agriculture and deforestation,
which leads one to believe that this expendituireergits many forms and functions, does not
encourage deforestation. Meanwhile, the signsettrefficients concerning rural credits and
government expenditure in transport are in accarelanith expectations. The amounts
allocated both for credits and the transport neteonake feasible the deforestation. But the
government expenditure in transport impacts defaties with a two-pronged effect. Firstly,
it offers access to previously isolated or inact#ssareas; secondly, it results in a fall in the
logistical cost of transporting both materials anops and livestock. The result of these two

vectors is expansion into new areas and to maiwotaimtensify deforestation.
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The coefficients concerning the price variablesadse statistically significant and all
the signs are as expected. As can be seen fromntbdel, these variables are
contemporaneous with deforestation. This is juedifby the fact that the farmer decides to
deforest the area when he plans to expand hisitetivbecause deforestation precedes
planting crops or raising livestock on that lanthu$, when the farmer learns of prices that
will encourage him to expand agriculture, he bedm€lear the land in order to obtain a
profit in the future.

As the coefficients were estimated by the variadleslogarithmic form, their
estimates supply the elasticities. Among prices, dhe with most impact was the crops
index, followed by soy and finally meat prices.

As the scale of analysis is the Legal Amazon regmmt all the states that make up
this region are planting soybean. Therefore, itgaat is lower than the impact of crop prices.
This result could be different if the scale of /3@ is at the state level, because the price of
soy would have a higher impact in some states.séhee could be said for the price of meat.

5. Conclusions

This study analyzed deforestation from the perspeodf the farmer, who is a
maximizing agent and therefore will react to incezg. The farmer makes his decision to
deforest land based on the parameters of choiad as the prices of the goods to be
produced (crops and livestock) and production ¢castaddition to other incentives that will
lead him to produce agricultural goods.

As the behavior of the farmer is based on the psgstem, he will continue
deforestation as long as the market is favorabite ddoption of such policies only makes
sense if the financial rewards are equivalent beioéconomic activities that the farmer might
undertake after deforesting the land. If he is lmad make a profit, all attempts will be in
vain.

Concerning public environmental policies, the goweent has control of elements
that indirectly affect deforestation. This is nbétexpenditure on agriculture but rather rural
credits and expenditure on the transport netwohksfor rural credits, the government can
limit them to activities that do not result in ieased deforestation by stimulating the
reoccupation of degraded areas.

Finally, by not investing in the transport systemorder to slow down deforestation,
the government would be neglecting the infrastngctof communities and the people who

live there, and this is inconceivable. Even nowtha twenty-first century access to many
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areas of the Amazon is extremely precarious anauinteédly the transport system required
many improvement to increase the standard of lieihthe people who inhabit the region. To
say that the Amazon is a demographically emptyepanot to know the actual conditions of
the region, although it is true to say that a laagea of the region is sparsely populated. This
means that it is possible to choose where to hwiddls taking environmental criteria into
account, reducing the environmental impact of deftation in comparison with other areas.
On this subject, it is worth pointing out the imgaorce of the Ecological Economic Zoning

project in the region and its execution at varigagernment levels.
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