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Resumo: Esse artigo discute as recentes causas econdmicdes politicas publicas do
desmatamento na Amazébnia Legal Brasileira. Ele aseib em um modelo tedrico em que
agentes escolhem o quanto desmatar de acordo casnespectativas sobre o lucro futuro
esperado da pecuéria e do plantio de soja. O hakahpirico utiliza principalmente variaveis
econbmicas e de politicas publicas que afetam pecttivas de lucratividade dos agentes.
Usando dados recentemente lancados e alguns milessamalisados em artigos economeétricos o
artigo traz uma analise empirica ao estimar um toodie painel com 783 cidades da regido de
2002 a 2007. O desmatamento no periodo se mosita skrigido por flutuacées no tempo dos
precos de carne e de soja, assim como por difeser;aspaco nos precos pagos aos produtores
em diferentes regides. Disponibilidade de creditwalr presenca de areas protegidas e
assentamentos de reforma agraria também influerasataxas de desmatamento. Além disso, o
artigo mostra que por alterar a percep¢édo de desoagentes, uma maior presenca do Ibama
(policia ambiental) é efetiva em reduzir as taxagdesmatamento.
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Abstract: This study discusses the recent economic and pdiimers of deforestation in the
Brazilian Amazon. It is based on a theoretical fearrk in which agents choose how much forest
to clear based on their expectations about futudditp from cattle ranching and soybean
cropping. The empirical study is based on econanit policy variables that affect this expected
profitability. Using newly launched and some nebefere analyzed datasets, it provides
empirical evidence by estimating a model using pdaé for 783 municipalities of the region
from 2002 to 2007. Deforestation in the periodasrfd to be driven by fluctuations in meat and
soybean prices over time, as well as differencesprices paid to producers over space.
Availability of rural credit, presence of protectackas and rural reform settlements also influence
deforestation rates. Moreover this study shows llyaimpacting the risk perception of agents,
higher presence of the Brazilian Environmental ¢&l(lbama) was effective in reducing
deforestation rates.
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1. Introduction

Deforestation of tropical forests, especially ie ttase of the Brazilian Amazon, is one of the
most debated topics in the environmental field yodEhe issues involving deforestation of
tropical forests cover a wide range from environtaeproblems, such as the cause of carbon
emissions in the context of the Global Warming Bsscor the loss of biodiversity, the provision
of essential ecosystem services to economical acidlsconcerns such as income generation for
the traditional and poor population that live ie tirea (SEEHUSEN 2007).

The deforestation process has not taken placeamhseither over space or time. Over space it
is highly concentrated in the so called “deforestatarch”. On a time perspective, after being
state driven from the 1960s to the 1980s, from1®@0s on, it assumed a new dynamic more
linked to market forces, with special presenceatfle ranching and soybean cropping, with its
ups and downs closely related to the changes irdbromic context (FEARNSIDE 2005).

The majority of the existing economic literatureabdeforestation of the Brazilian Amazon can

be divided into two groups. The larger group fosuse explaining deforestation during this state
driven period from the 1960s to the 1980s. The m&cand more recent group, analyzes recent
data and tries to access the new drivers of therehtion, which are more related to an

economic endogenous process. However, most of thege studies incorporate only cross-

sectional aspects of it (e.g. ARIMA ET AL. 2007¢aVving the recent time dynamics mostly

unexplained. Another characteristic of the existitgrature is that, for different reasons, it has

focused more on what Kaimowitz and Angelsen (1288)the “direct causes of deforestation”.

This study deviates from the existing literaturethese two aspects. Firstly, it focuses on the
dynamics of the yearly deforestation of the BrarliAmazon from 2002 to 2007. During this
period deforestation rates have been above hiatdecels. More important than that however, is
the fact that within this relatively short periadigforestation rates have fluctuated significantly
(INPE 2009). Although there exists significant amibaf media reports, some scientific papers
and anecdotal evidence that most of these flucnativere driven by the movements of meat and
soybean prices, this hypothesis “has never beemittedl to a rigorous econometrical analysis”
(EWERS ET AL. 2008). Using panel data from all #8@nicipalities of the Legal Amazon area,

| assess the drivers that caused these yearlyd#tions in the deforestation rates of the region.

Secondly it focuses on economic and policy drivaeg influence the expected profitability of
different land use methods and therefore affechieecisions concerning land use choices.

Another main contribution of this study is to pagéther and analyze some data that has never
been analyzed, or at least not with the necessgpthdsuch as the data on yearly fluctuations of
national annual meat and soybean prices, officighlrcredit by municipality, and municipal
environmental fines from the Brazilian EnvironméiRalice (Ibama).

The main results show that deforestation ratesnguhis period, were strongly affected by the
evolution of the main economic and policy variabksadied. According to the theoretical
framework used, by having an effect on the expepteditability of different land use methods,
these variables directly affect agents’ land useicds and therefore deforestation decisions.
While controlling for several relevant factorsjid empirical evidence that increases in meat and
soybean prices, and in the availability of officiatal credit are associated with increases in the
deforestation rates in the Brazilian Amazon. Thipports the claims made by media and many
non-econometrical studies (e.g. BARRETO ET AL. 20D8E ECONOMIST 2008).



The biggest novelty brought by this study is thepeimal evidence showing that the
environmental fines at the municipality level hastatistically significant effect in decreasing the
deforestation rates during the studied period.

The remaining of this paper is organized as foltaifve next section presents some stylized facts
that were the motivation for my empirical work. @&fivards | briefly review the literature on
econometrical studies about deforestation of thaeziBan Amazon. The following sections
contain a theoretical framework, the descriptiorthef dataset used in the empirical part and its
model specification. | then present the empiriesluits of the analyzed dataset. The last section
concludes and highlights the policy implicationsnal as provides scope for future research.

2. Stylized facts

There is almost a consensus in the media and ifiténature that cattle ranching and soybean
cropping are among the most important recent canfsdsforestation in the region (NEPSTAD
ET AL. 2006a, THE ECONOMIST 2008). There are cortipglarguments and descriptive data
to support this fact. Soybean cropping and catileching have expanded significantly in the
region during the last 15 years. The region’s edtird, for example, almost tripled from 26
million in 1995 to 73 million in 2006 (BARRETO ETLA 2008). Several studies showed that the
expansion of cattle ranching basically coincideshwthe deforestation arch, and that
deforestation is highly correlated with it (e.g. BNRSEN AND REIS 1997, PRATES 2008).

National and international press, as well as NGg#8ticians and the academic community have
been claiming that the deforestation rates durimg 2000s have been very influenced by
fluctuations in international market prices of segh and meat (e.g. NEPSTAD ET AL. 2006a,
BARRETO ET AL. 2008, THE ECONOMIST 2008). Duringetl2000s deforestation rates
became closely correlated with the prices of themecommaodities, both in spatial (ARIMA ET
AL. 2007), and in the time dimension (BARRETO ET.A008). Graph 1 shows the fluctuations
of soybean and meat prices in Brazilian currency) (& d the deforestation rates from 1995 to
2007. However compelling the story, to my knowledged also according to Ewers at al.
(2008), no econometric empirical study has beenighdadl analyzing this interaction in detail.

Graph 1: Meat prices, soybean prices and deforestiain (1995 - 2007)
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Fluctuations in the availability of rural credit the region seem also to be closely connected to
the deforestation rates in the region (BARRETO EM. 2008). Another claim made by the
Brazilian Government is that environmental finegevienportant, essentially after 2005, for the
decrease in deforestation rates. This has also t@en submitted to any rigorous econometric
analysis.

All the effects described above came into play simmeously, but with different intensities in
distinct parts of the region. In order to disentartge influence that each one of them had on the
recent fluctuation in the deforestation rates goreyriately specified econometric model with a
finer scale than the region as a whole is neces$aryaim of this study is precisely to build such
a model in order to disentangle all these influsnce

3. Literature review

Given the short length of this paper and that ihian empirical work, literature review will be
brief and will focus only on empirical works thatadyze variables which are among the most
important variables that | tested. For a thorouditdyature review please refer to Kaimowitz ad
Angelsen (1998).

The major part of economic literature on the togtit uses panel data from old periods (1960-
1995) (e.g. PFAFF 1999, ANDERSEN ET AL. 2002) ooss-section from the 2000s (e.g.
ARIMA ET AL. 2007). The first group brings up tyg@c explanatory variables such as
population (ANDERSEN 1996, KIRBY ET AL. 2006), rcade.g. ANDERSEN 1996, PFAFF
1999), cattle herd (REIS AND GUZMAN 1992, ANDERSEND REIS 1997, PRATES 2008),
and rainfall (e.g. MARGULIS 2003, ARIMA ET AL. 200AGUIAR ET AL. 2008). These are
the causes of deforestation that are not analyzedhis paper since they are not decision
parameters of deforestation agents. Other recqrarpaargue that these drivers may not be the
actual causes of deforestation. Pfaff (1999), feingple, finds population to be endogenous.
Other studies show that causality, from roads tfmrdetation could be more intense in the
opposite direction and that their effects dependvbiere the roads are built (e.g. ANDERSEN
ET AL. 2002, WEINHOLD AND REIS 2008).

The second group brings up variables which are medexant for my analysis. The effects of
differences in prices paid to producers is founthtluence deforestation by Arima et al. (2007)
cross-section wise and with a short panel by P(2@38) using a short panel from 2000 to 2004.
Prates (2008) also finds credit availability tolfdeforestation. For old periods, using less robust
proxies, Andersen (1996) found it to explain destméon from 1975 to 1985.

The presence of protected areas is believed by @atprs, using different methodologies, to
decrease fire incidence or deforestation (ARIMAAT. 2007, AGUIAR ET AL. 2008).

There are not any econometric studies which focuthe effectiveness of the Ibama fighting
illegal deforestation. The first attempt is madeBayreto et al. (2009), who estimate how high
would the deforestation rates be without the messstaken by Ibama in 2008. The author argues
that the difference to the observed values cormedpto its effectiveness.



4. Theoretical framework

A significant part of the econometrical studies @hdeforestation of the Brazilian Amazon does
not explicitly use a theoretical framework (e.g. BERSEN ET AL. 2002, KIRBY ET AL.
2006). These studies usually use reduced form re@tel some in combination with a general-
to-simple approach. They start with a large numdfedemand and supply variables that may
affect deforestation and reduce it step-by-steprioter to find the most relevant variableb
chose to explicitly use a theoretical frameworkewse of some reasons. First, using a theoretical
framework facilitates the description of the expeéctelations between variables and makes it
more explicit. Second, it makes the assumptionhefmodel more explicit and facilitates the
debate about them. Third, the aim of this studyndd to exhaust all possible causes of
deforestation but to discuss the relevance of secoaomic and policy influenced drivers of its
recent fluctuatioris

With some modifications, the theoretical framewoded here is based on one of the models
presented by Angelsen (1999). | will follow therfrework that the author called the “small, open
economy with open access and deforestation leawingrivate property”. | chose this model
because it is the one that has characteristicsatieasimilar to the Brazilian Amazon region and
also because it has some desired features, suekogenously given prices, population being
endogenously determined, production sold at marlatd badly defined property rights with
clearing leading to the obtaining of land tittld8NGELSEN 1999).

In my specific model, deforestation sizZB)(is a positive function of the expected difference
between the expected profits (revenues - costsinsfistainable land useR{-C") (logging

followed by deforestation and agriculture or catleching) and sustainable land usBS ¢ C®).
The larger the differential, the larger deforestais expected to be:

D = flE(R-c?)-(ro - M

Even recognizing that what matters is the relatérg from sustainable versus unsustainable land
use, due to the complexity and still incipient rthat sustainable land uses plays in the region, it
would be difficult to estimate its rents. | hendese to assume it as constant and focus on the
fluctuations of expected profits from cattle ramghiand soybean cropping. Another reason to
exclude them is that most of the services providgdorests have public goods’ characteristics
and therefore are mostly ignored in the individukdcision making (ANGELSEN 1999,
SEEHUSEN 2007).

Deforestation is basically driven by the expectetlire profits of cattle ranching and soybean
cropping. The higher the expected profitability tbése two main activities is, the higher the
incentives for farmers to clear one forested arehthe higher | expect the deforestation rate to
be.

2 Some studies even introduce a “random reductioethotology through which they manage to reduceléygee
of arbitrariness on a researcher’s hand once hasfiggen the most relevant variables (Andersen .e2G02,
Weinhold and Reis 2008).

% Due to the obvious and likely possibility of oreittvariables, during the model specification | mekglicit how |
expect the variables used to be affected by pgssiblitted variables and to be sometimes proxiestiiem.
However this should not affect the validity of ttenclusions.



Expected revenues of unsustainable land useR“[H (s determined by revenues of logging'{
and expected revenues from agriculture and cattiehing (R*) (equation 2), which is in turn
determined by prices of med®{'), prices of soybeanR®), agents market access and conditions,

proxied by the meat price indeX (), and some initial conditions that are specific éach
municipality (IC) (equation 3).

E(RY) = f(R,E(R") (1)
E(R*) = f(P",P°,1™,IC) 3)

Unsustainable land use costs are in turn deterntyedirect costs of clearingQ("), expected
agricultural and cattle ranching cost¥(), credit availability Cr ) and the risk of being fined by

the environmental policeR] ):
E(C?) = f(C°® E(C?),Cr,RI) 4)(

Agents maximize the expected profits from land lngehoosing a level of clearing activity that
will be implemented in the next period(), taking into consideration prices of med@"() and
soybean P®) as follows:

Max(E(77(P™, P*))) )
w.rt D
s.t. I™IC;RI;Cr;R";C%;C? (6)

Where: nn =profits from agricultural use of cleared area.

Agents are constrained by their initial market dbods and access|(') and specific
municipality characteristics IC), such as distance to Brasilia, initial deforéstatand
population. On the policy side they face given tgradailability (Cr ) and risk of being caught
illegally clearing by the environmental policBl). They also face economic costs of clearing

(C°) and of agricultural and cattle ranching inputd aBcessary investment§{) (equation 6).

One could divide the drivers of expected profiteithree groups: market conditions, policy
influence and natural or initial conditions. Foethirst, | conjecture that if prices of meat and
soybean increase, there should be an upward peessuiteforestation. To assess the differences
in the price paid to producers through a spatissective (which proxies market conditions and
access), | use an index based on Arima et al. (200is index captures the differences in the
farmgate prices paid to producers of cattle in am@ment in time. Higher prices paid at a
farmgate level lead to higher profitability expditia and should increase deforestation as well.

On the policy influence group | hypothesize thagém availability of official subsidized credit
increases deforestation. The rational is that trisdnot pushing deforestation; rather it only
makes the clearing plans resulting from higher eteze profits possible. Environmental fines
applied by Ibama are modeled as a risk factor ehrahg. Given any expected profitability, a
positive chance that an agent could be fined flegal clearing has a negative effect on his
expected profitability. As a result higher fineseinsity should lead to lower deforestation rates.
Lastly, protected areas should work as a barrieleforestation whereas the existence of agrarian
rural reform settlements in one municipality is bffesized to fuel clearing.



On the natural and initial conditions side, sevewiables are considered as controls. | expect
deforestation to be higher where the distance tsiBa, as a proxy for transport costs, and
rainfall are lowet. Initial population and deforestation are proxiéshow far the deforestation
process is in each municipality. The hypothesiha larger initial population and deforestation
rates are associated with more advanced occupatidthus higher municipal clearing rates.

5. Data

This study deals with data of deforestation by rogality from 2002 to 2007. | chose the
municipal scale because it is the finest scaleebbréstation possible to which data for several
economic and policy variables such as credit andsfican also be found. Basic summary
statistics are presented in tabfe 1

The data on municipal deforestation comes from Rinedes project of the Brazilian Space
Research Institute (INPE)AIl economic variables were deflated by IPCA e tfficial Brazilian
consumer price indéx Meat prices were obtained at Anualpec (2009) teabrts monthly
average price received by cattle ranchers in BtaZile Meat Price Index is the same used in
Arima et al. (200 This index should essentially reflect the tramspmsts from each
municipality to the main consumer markets and &dsal market conditions. For soybeans | used
Fundagcéo Getdlio Vargas (FGV) monthly average prieeeived by farmers for the 60kg bag

Availability of official subsidized rural credit vgaobtained at the Rural Credit Annual Report of
the Brazilian Central Bank. The figures reflect thenual flow of credit granted to rural
properties in each municipality within the officiairal credit systeft.

* There are two possible theoretical links betwesnfall and profitability. First, the higher raitifaates, the more
difficult it is to construct and conserve roads,iethincreases transport costs. More indirectlyhbigprecipitation
(after a certain threshold) leads to lower prodistifor both cattle ranching and soybean cropdihBIMA ET AL.
2007).

® Tables and graphs in the appendix.

® Deforestation is reported from September of ors y@ August of the following year. It is importaotnotice that
degradation in the forest caused by logging carbaassessed.

 Although this may not be the perfect deflator fee Amazon region and for agricultural prices, tloa-existence
of a special deflator for it was the most importegd@son for its choice. Meat prices are deflatedG#® as they are
published by FGV and at the Anualpec (Annual catileching survey). | ran some specifications witedd and
soybean prices deflated by IGP (inflation indexhwiigher weights for wholesale) and also with nahishata but
results did not change significantly.

8 For 15kg of Boi Gordo. | calculated annual avesafjem September of one year to August of followjegr and
also deflated accordingly to match the period inclwideforestation is measured by INPE.

° Adjusted to municipal base instead of pixel basedias calculated based on field interviews thsstessed prices
paid at slaughterhouses all over the region. Tipeises were then discounted considering averagespiat costs
and the availability of roads in each pixel of tlegion in order to estimate a farmgate (or pixedayimeat price
using GIS software. | normalized this informationdatransformed the prices into an index that ineésshow
municipal meat prices deviate from average pri¢emna point in time. Although this study was contédcin 2001
to my knowledge it is the best proxy available tssess the variability of prices paid among Amazonia
municipalities.

19 Also average from September of one year to Augtisie following year.

1 This system operates with fixed rules and very foxed interest rates determined by the governntiesit do not
depend on market interest rates. Therefore it mugh to use credit availability and not includeeneist rates
fluctuation in our model since it is the main ctdufie to producers.



The percentage of the municipality area under iaffienvironmental protection such as National
Parks or Indigenous Areas was obtained from Ima&mazon Institute of People and the
Environment). | use as a proxy the available date2006 extrapolated to all other years, as if it
would be constant over the entire period, even kngit was not?. A similar proxy is made for
the share of municipality area that is under ara@gn reform project. | use data obtained at
Imazon of area of agrarian reform settlement ptsjbg municipality for 2008.

Data on environmental fines were obtained at IbaRecognizing that fines are, to a certain
extent, endogenous to deforestation, | use the atrafussued fines by municipality divided by
deforestation observed in the period. This varigiteies the intensity of Ibama presence in each
municipality and is now independent of the amourdeaforestation in each municipality

As for the control variables, distance to Brasitrajnicipal area, and population at the beginning
of the period analyzed were obtained at the Bieaziftatistic and Geography Institute (IBGE).
Given the impossibility of receiving a completeatatt of annual municipal rainfall, | work with
two proxies: one that accomplishes the spatiakdifices in rainfall severity among the different
municipalities and another that takes into consitien the annual fluctuations from 2002 to 2007
that affected the region as a whole. The secondyproparticular, should be seen cautiot&ly

Table 1: Summary statistics

Nr. obs. Mean St. dev. Min. Max.
Deforestation 4566 1.739 1.747 0.000 7.248
Meat price 4566 35.695 3.566 29.160 38.850
Index meat price 5292 0.689 0.091 0.077 0.788
Soy price 5327 22.614 5.476 16.855 31.217
Protected areas 4566 3.857 3.722 0.000 11.834
Credit 4294 13.928 1.796 6.732 18.888
Area 4566 7.829 1.357 4.174 11.981
Fines intensity 1882 0.701 0.910 0.004 6.646
Settlement areas 4566 3.104 2.764 0.000 9.291
Initial deforested area 5327 762.313 1,066.893 0.000 9,690.400
Initial population 5215 2.590 7.946 0.070 128.584
Distance to Brasilia 5215 1.326 0.539 0.307 2.868
Rainfall over space 4753 30.452 66.609 1.518 686.658
Rainfall over time 4566 0.973 0.183 0.740 1.220
Meat price x index 5292 3.558 0.260 1.163 3.861

Note: All variables but meat price, initial population, distance to Brasilia, initial
deforestation, rain over space and time and soy price are presented with natural logs.

121 do not discriminate between the three types mitquted areas present in the region (integraleptiun,
sustainable use and indigenous areas).

13 | used number of fines issued instead of valueesomly a small part of the fines are actually p&id number is a
proxy for how intensive is the presence of Ibama municipality. (BARRETO ET AL. 2008)

4 The fluctuations across space were estimated harsg@ar rainfall observed in each municipalitynfr@005 to
2007 gently provided by Imazon. | use the averagefall per municipality for this period as a raitifindex. The
yearly fluctuations are a rougher proxy. The onljplic available data is the data on some rainfabhsurement
stations for some cities in the region providedINWIET. So | constructed an index which is the agergearly
rainfall of 10 of these stations, trying to picktsbns well distributed allover the region.



6. Model specification

One important innovation of this study is its camtcation on the analysis of deforestation only
where there is forest. This seems fairly obviousvédtheless, the majority of the studies until
now have focused on the Brazilian Legal Amazon,ciwrencompasses large areas with little
forest remaining (highly deforested) or Cerradaaarélropical Savanna). These Cerrado areas
were therefore never forested by Amazon forestethee no deforestation is possible there since
only deforestation of the Amazon forest is repottgdNPE. In studies including areas with low
levels of forest, low deforestation rates can oahus to two reasons: first there are factors that
keep the forest standing. Second, there is nolifoost no) forest to be cleared. While researches
are trying to access the causes for the first reasioce dataset is “dirty” with second reason
cases, analyses are biased. To avoid this kindalifigm | create a filter so that | analyze only
areas with at least 20% of forest cover in 2002thWhis filter | eliminate a large part of the
municipalities that have little Amazon forest arérefore follow a different environmental,
economic and social dynamic With this cleaner dataset we can actually as$esseal drivers

of deforestation where there is actually fotest

In order to get to our reduced form estimated equnaa number of assumptions are necessary:
first, expected profits from sustainable use asriaed to be zero (or at least constant). Second,
since some variables are not directly observabldawe no data available, such as logging

revenues, clearing costs, agricultural and rancbasgs, and risk of clearing, | assume all of them

to be constant so that they do not influence flattuns in profitability expectations.

We observe fluctuations in meat and soybean patesnational level, as well as cleared area,
meat price index, credit availability, fines, areader protection, rural settlements area, and
initial conditions such as distance to Brasiliatiah population, and level of initial clearing and
typical rainfall at a municipal level.

In the main estimated equation | use meat pricgddgn one year to take in consideration the
yearly fluctuations of national meat prices andrtiesat price index to account for the differences
of prices paid to producers over space. | do ndude soybean prices in the main specification
but in some alternative specifications. These twoeg are highly correlated due to the dynamics
of international commodity markets and also exclearage movements Therefore it is hard to
disentangle the effect of each of them. Since eadtiwidespread throughout the whole region,
and soybean in concentrated in the South, mosheftime | use only the meat price, but
recognize that this might be partially capturing #ffect of soybean price fluctuations. | also
include rural credit availability, protected areassd settlement area by municipality. | also
include fines intensity as a proxy for the riskdeforestation and area of each municipality.

15 With the 20% filter, for example, | eliminate ade part of the municipalities of the States of M&rosso (47%),
Maranhao (58%), and Tocantins (97%). And only albpet of Acre and Amapéa (0%), Amazonas (2%), Roe
(13%), Rondobnia (23%), Para (38%). For Maranhaciipally, | had to drop the whole state since déia
environmental fines are not available for one yétwever, | did the analysis with Maranhao and edirlg the
missing year and results do not change signifigantl

16 This corresponds to 400 municipalities out of 7188 cities of the Legal Amazon. The 20% threshaés whosen
since it is the largest possible sample in whitlexgblanatory variables behave close to their ayekzehavior. Since
| had to exclude all municipalities from MA, it necks the sample to 318 municipalities. Moreoverahbse of some
data missing for one or other variable, the magt#jzations have 294 municipalities.

" Correlation is 0,76.



The main dependent variable is the amount of yeasyv deforested cleared area by
municipality. In most of the specifications | usevél variables. For these, | control for
municipality area given the wide range of munidiyasizes and the main role that it plays in
determining all level variablé$ The main estimated equation is:

Ln(D,) =a + B, *In(RY) + B, *In(I") + B;* In(Cr, ) +
Bi*IN(RY) + B *In(Pr) + B * In(S,) + B, *IN(A) + By * S +5

Where: Pr = Protected areas3 = Rural settlement area = Municipality area;S =Vector with
controls; € = Robust-clustered error term.

(7)

| use least squares for panel data and preseritsrdmih for fixed effects and random effects
models®. Fixed effects (FE) should be used when we asshatehere are municipality specific
non-observable effects. This method considers thate are unit (municipality) specific
characteristics which are constant over time arel captured by aa; specific for each

municipality (GREENE 1997). Random effects (RE) iddobe used if we consider that the
resulting effect of several omitted variables, etifeg units and years, is randomly distributed
over time and municipalities and therefore uncaiesl with other explanatory variables (HSIAO
2003). If its more restrictive assumption, that tbed variables are uncorrelated with explanatory
variables, holds, it is more efficient. Howeverc#n be inconsistent if the assumption does not
hold (WOOLDRIDGE 2002).

In order to decide between using RE and FE modpé&fbrmed the Hausman test. It suggested
that RE and FE coefficients estimates are staifidifferent and therefore | should use FE
method because it is more likely to consistentalsle 2 and 3 | present results from FE and RE
estimates. Coefficients of both models have theesaigns, comparable sizes and are highly
significant. Given that their results are similiartables 4 and 5 | present estimation results from
RE regressions. The reason for this is that thig tivae invariant variables, which are important
determinants of the deforestation process, can ladsincluded in the analysis. Variables for
which only one observation was available include theat price index (measuring relative
remoteness and transport costs), and the sizeotdqbed and settlement areas. Only by using the
RE method can | test the relationship of these mapb variables with deforestation.

To reduce the effects of not working with FE mogdelsd as suggested by Weinhold and Reis
(2008), in some specifications | include severahtaas to account for municipality specific
(time-invariant) fixed effects. Among the contralsed are state dummies, municipality area,
municipal specific average rainfall, distance toadlia, initial deforestation and population.
However there might be more effects that | do rayitare such as the existence of roads for
which | could not get reliable data on time.

In order to control for time-variant (year-spedifeffects, in some specifications | also include
year dummies and region wise yearly rainfall vasiat The meat price index should also work as

18 1n table 2 this is not necessary, since | useitiesgeach variable divided by municipality areleat price, meat
index and soy prices are not divided by area; finensity are not either since it is already dédcby deforestation.
The dependent variable is deforestation of one gréded by forest at the beginning of that year.

19 Regressions were run with tkieeg function of STATA 10.0, with error terms clustdrand corrected for
heteroskedasticity and autocorrelation.



a proxy to control for the initial conditions. FalWing several other previous studies (e.qg.
ANDERSEN 1996, AGUIAR ET AL. 2007) | use logaritherfiorms for all variables.

Typically panel data on deforestation suffers frbath: spatial and time-series autocorrelation
(FERRAZ 2001). To deal with spatial autocorrelatinany authors explicitly modeled the effect
of neighboring area deforestation rates in eachicipality (e.g. ARIMA et al. 2007, AGUIAR
ET AL. 2007). Due to lack of time and of GIS softe&nowledge, | did not do it. However, |
follow Ferraz (2001) and Weinhold and Reis (200&8) also use robust and clustered standard
errors to correct for heteroskedasticity and sexatelation.

It is important to acknowledge that for some vdeab such as credit availability or fines
intensity, one could expect causality to run inhbdtrections, which could bias the coefficients.
For example, if demand for subsidized credit insesawith deforestation activities, this would
bias the coefficients on credit availability upwsrdand thus results on credit should be
interpreted with caution. Similar rational could &gplied for the strictness of the local police (in
giving out fines) responding to current deforestatctivities.

7. Results
7.1. Main results and interpretation

The overall results support most of the hypothesasle in the theoretical framework. Not only
do all the most important coefficients have theezted signs, but also the main variables and
controls interact in the expected way. The resattesalso robust across different specifications
including modeling with levels and densities, aaddom and fixed effects.

As the main driver of the expected profitabilitycieases in meat price in one year are associated
with increases in deforestation rates in the follmywear. The variable is highly significant and
robust through all different specifications. Inl&@ and 3 not only does its robustness become
clear, but also its relationship with other vareblFor example, in table 2, columns Il and V, the
meat price coefficient is smaller when | includg/ts=an price fluctuations. For the majority of
the specifications, | use meat prices fluctuationspace and time separately since | have two
different datasets for each dimension.

Increases in soybean prices are associated withases in deforestation rates in the same year
and are robust across different specificationso Als expected, its coefficients are typically half
the size of the one of the meat price (table 2 &ncblumns 1l and V). The smaller size should
reflect the fact that soybean plantations areiotstf to a relatively small area of the region.

For credit, larger credit volumes are associateth wWigher deforestation rates in all tested
specifications, and it is significant in most oetmain equations. Even if partially endogenous
(since it depends on credit demand), credit grgnnalso the result of an exogenous political
decision since it is part of a governmental regialevelopment strategy. My hypothesis is that
credit is not pushing deforestation, but only mgkitnpossible.

Fines present the most robust results among atihMas. Increases in the intensity of fines are
associated with decreases in deforestation ratet. ddly is it highly significant in all
specifications, but also its coefficients showlditthange with the introduction of additional
controls or when using FE models. Protected areeamdo represent a barrier to deforestation,
while the existence of agrarian reform settlemergas is significantly linked to higher



deforestation rates. Higher rainfall over space tiam@ are associated with lower deforestation
rates (table 5, columns I, IV and V)

When | mention control variables in the tablesmply municipal distance to Brasilia, initial
deforestation of 2002 and population in 2000. Ieesal cases | also include state and year
dummy variables to capture possible fixed locarabristics or special year events, but they do
not significantly alter the resuffs

Table 2: Main results in levels

Dependent variable: In(deforestation)

I 1] 1 1\ \") VI
RE RE RE FE FE FE
Meat price 0.075%** 0.042*** 0.047*** 0.073%** 0.034*** 0.046***
(14.49) (6.24) (7.24) (13.93) (5.13) (6.88)
Index meat price 0.944%** 1.023* -0.055
(2.19) (2.35) (0.09)
Soya prices 0.027*** 0.032%**
(7.26) (8.62)
Credit 0.132%** 0.117%** 0.035 0.057** 0.032 0.023
(6.76) (6.07) (1.60) (2.23) (1.28) (0.86)
Fines intensity -0.784**  -0.776**  -0.765**  -0.763**  -0.753** -0.764%**
(15.69) (15.64) (15.40) (14.71) (14.64) (14.32)
Protected areas -0.066***  -0.070***  -0.032**
(3.97) (4.10) (2.07)
Settlement 0.165%** 0.1771%** 0.098***
(8.35) (8.47) (5.02)
Area 0.567%** 0.578%** 0.468%**
(9.14) (9.22) (7.58)
Constant -6.858***  -6,288*** -3 639%** 0.475 1.454%* 1.832%*
(10.83) (9.78) (4.25) (1.08) (3.33) (3.66)
Control variables No Yes Yes No No No
Year dummy No Yes Yes No No yes
State dummy No Yes Yes No No No
Observations 1370 1370 1336 1370 1370 1336
Number of Municipalities 294 294 285 294 294 285
R-squared 0.61 0.61 0.72 0.50 0.53 0.54

*significantat 10%; ** significantat 5%; ***significantat 1%
Notes: Robust t statistics in parentheses. R-squared is overall for RE and within for FE models.
Control varibles include distance to Brasilia, initial deforestation in 2002 and population in 2000.

20 Controlling for rainfall makes the meat price irdtp sign (table 4, columns 111, IV and VI1). Thisrobably means
that this index embodies to certain extent inforaratbout space rainfall variation. When in comborawith year

dummies the yearly rainfall fluctuation also fligign (table 4, columns IIl and IV). This can be dese they are all
capturing mostly the same thing.

2 |nitial deforestation area and initial populatioave the expected positive sign. The first is csimstly significant

and the second is not in most of the cases. DistamBrasilia has the expected negative sign asayisficant only

in some specifications and here it is a proxy fansport costs. All time invariant variables arepjred out in the FE
regressions.



Table 3: Main results in densities

Dependent variable: In(deforestation /area)

1 1l 11 \% \'/ Vi
RE RE RE FE FE FE
Meat price 0.002*** 0.001 *** 0.001*** 0.002*** 0.001 *** 0.001 ***
(11.53) (4.00) (5.83) (11.28) (3.92) (5.86)
Index meat price 0.040%*** 0.040*** (0.01)
(4.32) (4.26) (1.15)
Soya prices 0.001*** 0.001***
(4.76) (5.10)
Credit density 2.455%** 2.253%** 1.132%** 3.633%** 2.983*** 2.498%**
(3.89) (3.79) (3.34) (4.86) (4.75) (4.15)
Fines intensity -0.010**  -0.010** -0.008** -0.009*** -0.009*** -0.009***
(8.14) (8.02) (6.39) (5.93) (5.85) (5.98)
Protected areas density -0.016** -0.016*** (0.00)
(3.05) (3.12) (0.78)
Settlement density 0.049%** 0.049*** 0.024**
(5.12) (5.08) (2.46)
Constant -0.064***  -0.050*** (0.03) -0.039*%*  -0.024**  -0.018**
(7.24) (5.59) (1.61) (6.74) (3.87) (2.57)
Control variables No No Yes No No No
Year dummy No No Yes No No Yes
State dummy No No Yes No No No
Observations 1370 1370 1336 1370 1370 1336
Number of Municipalities 294 294 285 294 294 285
R-squared 0.33 0.34 0.45 0.18 0.20 0.22

*significantat 10%; ** significant at 5%; *** significantat 1%
Notes: Robust t statistics in parentheses. R-squared is overall for RE and within for FE models.
Control varibles include distance to Brasilia, initial deforestation in 2002 and population in 2000.

7.2. Further results and robustness checks

One innovation of this study is that it assessesrtibustness of each of the main explanatory
variables to a variation of the number of munidiped analyzed. In order to diminish the
discretionarity of the choice of the 20% filterassess how each of the main variables would
behave with larger and smaller samples. The reawtpresented in graph 2. By eye balling we
can see that with between 15% and 70% of minimuimaliforest cover (or excluding the
extremes) the coefficients do not depart so muaim fan average value. After 70%, there are less
than 120 municipalities in the sample and variaplesent a different behavior with all of them
converging towards zero. This convergence is erpgesince this small sample consists of
regions almost fully forested (and probably of idifft access) where little deforestation takes
place and market forces are expected to be lowdith between 0% and 15% of the minimum
initial forest cover, variables also present aatght path from their average. These parts of the
region are totally integrated with markets and hbtle forest remaining. Thus studies about
deforestation dynamics and its causes should excheke extreme areas and focus on the areas
where we indeed observe forest and with a simiddh @and threat of deforestation. In terms of
confidence intervals, there is a clear increaséwhen we decrease the number of observations
(going to the right in the graph) and thereforegbtmates become less reliable.



Graph 2: Meat price coefficient for different filters of initial deforestation
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| also performed several robustness checks byiogedifferent variable definitions and changing
model specifications. In table 4 (columns |, Il akij, | interact meat price index (which is
specific for each municipality but constant ovend) with yearly fluctuations of meat price in an
attempt to estimate what would theoretically be yearly meat price fluctuations for each
municipality of the region. This is the first stuthat tries to estimate it. This estimation is done
in two different ways (columns | and Il versus lII)

In table 4 (columns IV and V) a dummy variable gating locations that had a significant
soybean production (1 if there is production, nhdft), and its interaction with the national
soybean prices are tested together with the ndtpiee. In line with the theoretical framework,
the interaction term is positive and significaftowing that the positive impact on deforestation
from higher soybean prices gets amplified in mypalities that produce?t The puzzling result
here is that the dummy has a negative sign, indgdhat, everything else remaining constant,
municipalities with significant soybean productibave, on average, lower deforestation rates
than other municipalities. This may reflect thastproduction is done in municipalities already
highly cleared, with little remaining forest to bieared®.

Data on both credit and fines are not reportedrfany municipalities. It is unclear whether these
are missing values or if they would be zeros. Irstrad the specifications, | consider them as
missing values, what reduces the sample. In taldelémns | and I, | test what would happen if
we consider them to be reported as zeros. Singe e less missing values, the number of

2 With this, | could estimate local annual prices $mybean for each municipality where soybean crappook
place. However, price in other localities is nosetved. Even recognizing that it is a strong assiompl then
assumed that where no production took place prigge zero — so production was not economicallyleiab

% |n the same table in column VI, | use a differsoybean price measurement derived from the Murlicipa
Agricultural Survey (PAM). This method also brings significant results and a coefficient in linettwihe prior
results using national prices.



observations slightly increases and significancthefnew variables where zeros were inputted is
similar to the original ones and coefficient ofdimtensity is similar, but coefficients of credit
are smaller if compared to specifications of tableolumns | and II).

In columns I, IV and VI, | also introduce new douls for rainfall over time and space. Rainfall
over space is robust among all specifications. Raer time, which is a rougher estimate, is not
robust throughout different specifications. Addiadly, in table 5 (columns V and VI) we see
that using real fines in Reais (R$) instead of nendf fines (as in all other specifications) would
not change the sign and significance of this végigompared to table 2 columns | and II).

Table 4: Further results changing meat and soybeaprice definitions

Dependent variable: In(deforestation)

1 1 11 v Vv Vi
RE RE RE RE RE RE
Meat price 0.042%** 0.028*** 0.072%**
(6.27) (3.28) (14.98)
Index meat price 1.021* (0.03) 0.823*
(2.33) (0.04) (1.88)
Meat price *index 0.067*** 0.018*
(13.82) (1.77)
Meat price + index 0.060***
(12.66)
Soya prices 0.021%** 0.027***
(5.17) (4.85)
Dummy soya -0.829**%  -1,173%**
(3.51) (4.47)
Soy prices *dummy 0.044*** 0.049***
(4.33) (4.78)
Local soy price 0.025%**
(3.77)
Credit 0.101%** 0.03 0.100*** 0.103*** 0.03 0.115%**
(5.23) (1.46) (5.20) (5.21) (1.14) (5.88)
Fines intensity -0.822**  _0.770**  -0.818** -0.772*%* -0.761** -0.783***
(16.63) (15.43) (16.50) (15.90) (15.69) (15.73)
Protected areas -0.045*** -0.027% -0.046***  -0.066***  -0.032**  -0.058***
(2.59) (1.77) (2.65) (3.82) (2.08) (3.34)
Settlement 0.178%*** 0.106*** 0.178%** 0.176*** 0.098*** 0.173%**
(8.45) (5.31) (8.44) (8.55) (4.97) (8.61)
Area 0.648*** 0.499*** 0.648%** 0.566*** 0.470*** 0.534%**
(9.68) (7.96) (9.66) (8.58) (7.30) (8.30)
Constant -6.215%*  -3.244%%*  .5,968** _.5901**  -3.400%* -6.268%**
(10.05) (4.30) (9.58) (8.81) (3.93) (9.62)
Control variables No Yes No No Yes No
Year dummy No Yes No No Yes No
State dummy No Yes No No Yes No
Observations 1370 1336 1370 1370 1336 1370
Number of Municipalities 294 285 294 294 285 294
R-squared 0.58 0.72 0.58 0.61 0.72 0.60

*significantat 10%; ** significant at 5%; *** significantat 1%
Notes: Robust t statistics in parentheses. R-squared is overall for RE models.
Control varibles include distance to Brasilia, initial deforestation in 2002 and population in 2000.



Table 5: Robustness checks and additional controls

Dependent variable: In(deforestation)

1 1 11 1\ Vv Vi
RE RE RE RE RE RE
Meat price 0.073%** 0.048*** 0.043%** 0.112%** 0.077*** 0.119%**
(15.09) (7.03) (5.13) (6.93) (11.83) (6.19)
Index meat price 2,011 0.54 (0.56) (0.09) 1.097* (0.71)
(4.46) (0.95) (1.18) (0.15) (2.15) (1.04)
Credit 0.085*** 0.03 0.173*** 0.052**
(4.17) (1.53) (7.31) (2.02)
Credit with zeros 0.035%** 0.014%*
(4.30) (1.68)
Fines intensity in RS -0.119%*  -0,123%**
(10.48) (10.24)
Fines intensity -0.773**  -0.765%**
(15.42) (15.46)
Fines with zeros -0.569***  -(0,551%**
(15.82) (15.90)
Protected areas -0.080*** (0.03) -0.029* -0.037*  -0.089***  -0.049***
(3.77) (1.54) (1.79) (2.39) (4.58) (2.82)
S ettlement 0.246%** 0.144%** 0.116*** 0.094 *** 0.205%** 0.130%**
(12.21) (7.20) (6.58) (4.83) (8.89) (5.83)
Area 0.633%** 0.4871*** 0.460%** 0.594 *** 0.681*** 0.697***
(9.54) (7.23) (5.85) (7.37) (9.46) (7.56)
Rain over space -0.002** -0.002* -0.002*
(2.05) (1.87) (1.85)
Rain over time -0.637**  1,517% 1.661%**
(3.98) (3.48) (3.22)
Initial deforested area 0.000*** 0.000*** 0.000%** 0.000***
(6.25) (7.05) (7.11) (6.47)
Initial population 0.00 0.00 0.007*** (0.00)
(1.42) (1.05) (2.66) (0.59)
Distance Brasilia (0.24) -0.268** (0.26) -0.534*
(0.93) (2.44) (1.11) (2.03)
Constant -7.266***%  -3.945%% 2 407**  -7.700**  -8.085***  -7.802%**
(11.03) (3.60) (2.69) (4.99) (10.95) (4.29)
Control variables No Yes Yes Yes No Yes
Year dummy No Yes No Yes No Yes
State dummy No Yes No Yes No Yes
Observations 1938 1884 1331 1331 1370 1331
Number of Municipalities 323 314 282 282 294 282
R-squared 0.52 0.67 0.68 0.72 0.47 0.64

*significantat 10%; ** significantat 5%; ***significantat 1%
Notes: Robust t statistics in parentheses. R-squared is overall for RE models.

Control varibles include distance to Brasilia, initial deforestation in 2002 and population in 2000.

8. Conclusion

This study analyzed the current determinants adréstation of the Brazilian Amazon. It is based
on a framework in which agents choose either tarcke forested area or not, based on their
expectations about future profits to be derivednfreconomic activities implemented in the
cleared area, such as cattle ranching and soybegpicg. Using a panel data of 783



municipalities of the Brazilian Legal Amazon fror@ to 2007 it tests how changes in several
economic and policy variables affected the obseflexduations in deforestation rates during the
period.

This study advances beyond previous studies inraeaspects for the discussion about today’s
determinants of deforestation. Firstly, in termsdata, it uses recently launched panel data of
deforestation of the 2000s at municipal level.l$bauses some data that has not been deeply or
properly analyzed in econometric papers, such asaipal credit or commodity prices, and even
some that has never been used, such as municipiabemental fines. Secondly, it focuses on
the economic and policy decision parameters thiaciabgents’ deforestation decisions rather
than on direct causes of clearing. Therefore disgihow the incentive structure for deforestation
works. A third aspect is that this study innovdigsxcluding from the analysis areas that were
never forest or that are almost completely defercksn order to better assess the recent
deforestation drivers. By not doing this, previowsrks included important biases in their
analysis.

A major empirical finding was the significance dff @ the most important economic variables

(meat and soybean prices) and policy variablesalmeredit and environmental fines) studied as
drivers of the fluctuations of deforestation ratkging the period analyzed. According to the

presented theoretical model, changes in these blasiaare responsible for changes in the
expected profitability of future land use and there in the incentives for deforestation. By

showing empirically that the fluctuation of thesariables drive the ups and downs of

deforestation rates, we see that deforestatiorsides are taken rationally by agents that are
comparing expected profitability of different lamde methods. More specifically, higher meat
and soybean prices, as well as higher availatwhityfficial subsidized rural credit, are associated
with higher deforestation rates. Meat price vamiasgi are found to drive deforestation rates, both
from a time and space perspective. Higher issuirgneironmental fines is associated with lower

deforestation rates. The existence of rural refoseitlement areas is related to larger
deforestation, whereas the presence of protectedsarepresents a barrier to deforestation.
Additionally, lower rainfall, larger initial populeon and smaller distance to Brasilia are also
associated with higher deforestation rates.

There are a wide range of policy implications mtiato this study’s findings. The most important
of them is that policy makers should recognize iekpt that the deforestation of the region is
now an endogenous economic process driven by edtemonomic decisions made by agents that
live in the region. Therefore the focus of new el should be to modify the economic
incentive structure that agents face by changiegipected profits of different land use methods
(sustainable versus unsustainable).

One more specific implication is that commodityces, and also commodity future prices,
should be taken seriously in consideration forgpotiesign, for deforestation forecasts and also
for evaluation of implemented policies. For examplee Brazilian government has openly
claimed that the new plan to combat illegal defatsn has alone driven the decrease of
deforestation rates from 2005 to 2007. This stutyns that although the greater issuing of fines
played an important role, the decrease in measapbean prices also contributed toward it.

The evidence about the effectiveness of the enmestal fines is probably the most innovative
result of this study. Being aware of it, policy reak should intensify the combat against illegal
deforestation. More studies are, however, necessargder to understand in detail where, when



and under which conditions this combat is more atiffe and, therefore, how it should be
focused.

Another major implication is that the credit grawgtirules and practices for farmers should be
reviewed so that credit is only granted to thosenggywho respect the environmental legislation.
Additionally the Brazilian government should rertki its strategy of establishing rural
settlements in forested areas, and also considepassibility of using already deforested aféas

The first natural extension of this study is toegmate its analysis with spatial econometric
techniques such as explicit controls for spatidabearrelation. This could refine the accuracy of
coefficient sizes.

Another way to refine the sizes of coefficientdysdoing variable specific studies. New studies
are being conducted, for example, to assess tlextigéEness of protected areas comparing
selected pixels inside and outside parks with singharacteristics. This type of study could be
done with other variables as well. They do not stis the kind of model proposed in this
study, which tries to capture general patternsydhier complement it.

Other required extensions to this study, dependata availability. For protected areas and rural
settlements, using a complete dataset with allsyshould produce more accurate estimates. For
rainfall, besides extra data for all years, morrefshould be done in order to improve its
specification and take in consideration the existent threshold effects for example.

Possibly, the most important extensions of thisdwteoncern the refinement of the time
dimension. It would be important to use monthlyaglastead of yearly data, whenever possible,
especially because deforestation is very conceutrat some months. Furthermore, because
deforestation is measured from September to Augungt,should try to fit all the data into this
time window, as | did with meat and soybean prices.

Combining econometrics and field research is alsedred. It would be helpful to conduct
interviews with deforestation agents to understahdt kind of information they have access to
and what part of this information is more importaatthem when they take their clearing
decisions. It would also be important for underdiag the timing between the decision of
clearing, its execution and the beginning of annecaic activity such as cattle ranching. One
guestion, for example, is whether the deforestadigents look at current or future prices and, if
future, what is the relevant time horizon considei®nce we know that, specifications can be
improved and one can use future prices insteadk-giost observed lagged prices in models. It
could be the case that not yearly average pricesetgvant, but only future prices for 12 months,
for example.

Ultimately the goal is to find out when the defdaet®n decision is made and which variables are
most important in an agents’ decision making precédter knowing that, new policies can be
more efficiently designed to change the econongertive structure to foster a more sustainable
use of the Amazon region.

% In line with it but not a direct implication of mgesults, there is an urgent need for the impleat&mt of
“Zonemento ecoldgilo econdmico” (Economic Ecologicand Use Planning) to promote a more sustainahk:
rational use of the forest.
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