
HUMBERTO ANGELO 
& 

ANTONIO CARLOS DO PRADO 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

BRAZIL CASE STUDY ON CROSS-SECTORAL LINKAGES IN FORESTRY: 
THE CASE OF THE AMAZON FOREST 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Brasília 
2003 



 

3  2 

 

 
 
SUMMARY 
 
1.  INTRODUCTION................................................................................................................. 1 
2.  BACKGROUND................................................................................................................... 2 

2.1. Deforestation ............................................................................................................... 3 
3.  METHODOLOGY................................................................................................................ 4 

3.1. Area of the Study......................................................................................................... 4 
3.1.1. The Amazonian Forest ............................................................................................. 4 
3.1.2. Socio-Economic Aspects of Brazilian Amazonia .................................................... 5 
3.2. The Data ...................................................................................................................... 6 
3.3.  The Variables ............................................................................................................. 7 
3.3.1.  Deforestation ........................................................................................................... 7 
3.3.2.  Paved and Unpaved Roads...................................................................................... 8 
3.3.3.  Energy ..................................................................................................................... 9 
3.3.4.  Population ............................................................................................................... 9 
3.3.5.  Total Roundwood Production ............................................................................... 10 
3.3.6.  Timber Industry..................................................................................................... 12 
3.3.7.  Gross Domestic Product for Amazonia................................................................. 15 
3.3.8.  Land Prices in Amazonia ...................................................................................... 16 
3.3.9.  Livestock/Cattle Herd in Amazonia...................................................................... 17 
3.3.10.  Agricultural Credit .............................................................................................. 18 
3.3.11.  GPI - General Price Index ................................................................................... 19 

4.  STATISTICAL MODELS .................................................................................................. 20 
4.1.  Correlation Analysis................................................................................................. 20 
4.2.  Principal Components Analysis ............................................................................... 20 
4.3.  Dispersion Analysis. ................................................................................................ 21 
4.4.  Regression Analysis ................................................................................................. 21 

5.  ESTIMATION RESULTS .................................................................................................. 22 
5.1.  Correlation Analysis................................................................................................. 22 
5.2.  Principal Components Analysis ............................................................................... 22 
5.3.  Dispersion Analysis ................................................................................................. 24 
5.4.  Regression Analysis ................................................................................................. 25 
5.5.  Elasticities ................................................................................................................ 26 

6. POLICY CHANGES TOWARD SUSTAINABLE FOREST MANAGEMENT............... 30 
6.1. Main policies that influence access to forest resources in Amazonia ....................... 33 
6.1.1.  Regulation and Enforcement through mechanisms of command and control. ..... 33 
6.1.2  A Positive Agenda for Forestry Resources of Amazonia ...................................... 38 
6.2. From the cheap liquidation of natural forest capital to sustainability ....................... 46 

7. CONCLUDING REMARKS ............................................................................................... 53 
REFERENCES......................................................................................................................... 53 
 



 

  1 

 

1.  INTRODUCTION 
 
The Brazilian Legal Amazon is regarded as one of the most important ecosystems in the world 
containing nearly 50 percent of the known biodiversity in the planet. It comprises an area of 
nearly 5 million square kilometres of which approximately 70 percent are continuous forest 
domain.  

 
The Legal Amazon has a commercial stock of 60 billion cubic meters of wood (UHL et al., 
1993). Because of its large distance from main centres and due to dense forest areas, about 87 
percent of its original forest cover is still intact. Savannas and natural grasslands occupy about 
14 percent of the territory, while some 13 percent has been deforested for cattle pasture and 
agricultural pursuits (FEARNSIDE, 1996).  
 
The extension of deforestation has grown significantly during the past 20 years. Approximately 
500,000 km2 of tropical forest were cleared between 1980 and 1999 according to satellite 
image estimates (INPE, 2001). Moreover, increasing forest fires and selective logging 
activities, which are not captured by satellite images, could imply that the extension of the 
deforested area is even larger (FEARNSIDE, 1996).  
 
The causes of the increasing deforestation trend are closely related to government policies 
adopted in the past. MAHAR (1988) and BINSWANGER (1991) describe government policies 
that have induced and aggravated the economic incentives for forest clearing. Among others, 
subsidized credit, tax breaks for agriculture and cattle ranching activities, land titling processes 
in open access areas and highway constructions are described as the main policies that created 
incentives for settlement and, at the same time, agriculture land clearing in the Amazon region. 
 
According to FERRAZ (2001), since the mid-1980s, several government policies have 
changed. Agriculture credit subsidies have decreased considerably, tax exemptions have been 
reduced drastically, direct colonization settlements have terminated and large infrastructure 
projects have been phased out. Nevertheless, deforestation has not slowed down. The building 
of new paved, and the pavement of existing, roads is regarded as one of the main factors 
driving the persistence of the deforestation process. In some cases, roads create fresh access to 
new settlements in frontier regions. More often, however, they drastically reduce transportation 
costs in earlier settled areas thus relieving one of the main restrictions to the profitability of 
agro-pastoral activities in the Amazon context. 
 
The macroeconomic policies adopted during the 1990s may have exacerbated the prevailing 
institutional failures. Stabilization macro policies may have increased incentives for 
deforestation through high interest rates and low credit availability, and this could have had a 
significant impact on the choice for land clearing. Theoretically speaking, the impact of interest 
rates on deforestation is ambiguous, increases in interest rates make a large owner postpone 
investment in agriculture and cattle ranching and tend to decrease new land clearing. On the 
other hand, for small owners and agents living in the frontier an increase in interest rates 
increases the cost of capital generating a negative income effect that could have effects on 
increasing frontier settlement. This could help explain why deforestation by smallholders 
expanded in the Amazon during the 1990s (FERRAZ, 2001). 
 
It is important to note that sustainable timber production in the Amazon is around 6 percent of 
the total wood production in the region (ANGELO, 2002 and HUMMEL, 2001). Thus, logging 
activities in the region are an important actor in the deforestation process, since at least 
94 percent of timber production is provided from deforestation areas. 
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This work analyses the socio-economic factors and public policy influences over Brazilian 
Amazon deforestation. The specific objectives are: a) to identify main impacts of external 
policies over Brazilian Amazon deforestation; b) to estimate the direction and valence of these 
impacts and evaluate any successful country approaches in dealing with these influences; and 
c) to recommend policy changes, instruments or mechanisms to maximize positive, and 
minimize negative, impacts. 
 
This study has several contributions. First, it explores a time-series data variation period from 
1980 to 1999. Second, it generates elasticities for percentage changes in deforestation with 
respect to the following explanatory variables: roads, population, total roundwood production, 
timber industry logging, GDP, land prices (agricultural and pasture), cattle-herd, cattle prices, 
agricultural credit, energy and timber prices (variables that can be influenced by the 
government). 
 
2.  BACKGROUND 
 
The basic knowledge about deforestation patterns and land use, based on various studies, is 
facilitated by the diffusion of remote sensor data. For example (CHOMITZ and THOMAS, 
2000 cited by MARGULIS, 2002): 
 

- 85 percent of forest fires occur within 25 km of the roads, and half of them are larger 
than 100 ha; 

- within used lands, 77.4 percent are pasture and 10 percent are abandoned; 40 percent 
of the pastures have a density less than 0.5 cattle-head/ha; 

- 1 percent of the establishments have over 2000ha, which represents 52.7 percent of 
the agricultural land, and more than 50 percent of the establishments have less than 
20ha, which represents less than 1 percent of the agricultural land; 

- 8 percent of agriculture is temporary crops, and less than 2 percent perennial crops.  
 
Deforestation causes can be associated with the proximity of roads, agricultural product prices, 
credit availability and population growth. However, there is not a single answer for the process 
capable of explaining the dynamics of Amazonian deforestation. This may, at first, look 
frustrating, but it is understandable when one looks at the region’s dimension and the scale of 
deforestation. 
 
One fundamental question is the role of agents in the expansion of the frontier, and their 
interactions. Field research has concentrated on small properties, reflecting not only a social 
preoccupation but, also, that in the last three decades they were the main agents in this process. 
Lately, this pattern has changed, and the small are not the villains anymore. Therefore, there 
are new questions about deforestation.  
 
What is the role of loggers now, since before the 1980s they were not recognized as an 
important actor in this process (REIS and MARGULIS, 1991)? What is the motivation of the 
large landowner? How are the other variables acting? What are the motivations for the 
continuing expansion of cattle herds, given that cattle prices and the profitability of cattle 
raising are falling? 
 
Well-known studies (SCHNEIDER et al., 2000) indicate cattle breeding as an activity of low 
returns (between 3 and 13 percent, the latter being due to technology). Even so, cattle breeding 
still occupies 75 percent of the converted land, and is growing. It plays a fundamental role in 
deforestation; cattle breeding is dominated by capitalized and sophisticated actors that certainly 
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do have access to other investment options. How to explain that? Is land speculation capable of 
justifying the size of frontier expansion? What is the potential return for speculation actors in 
the last decade? How to explain the size of abandoned land in the region? Why keep on 
expanding? To what extent will agriculture and cattle breeding keep on growing, even if the 
expansion moves into high pluviometric regions where, as some authors have tried to 
demonstrate (CHOMITZ and THOMAS, 2000), economic feasibility is largely affected by 
those climatic conditions? Will it give place to sustainable forest management? 
  
Concerning deforestation, many doubts persist related to economic factors, such as: (i) are 
technological innovations and progress related to Amazonian deforestation and 
agricultural/cattle expansion?; (ii) is agricultural productivity rising at a pace greater than the 
demand for land?; (iii) what is the poor family net revenue origin, is it related to their education 
level?;  (iv) do credits and incentives benefit a special group? (v) how do the Municipality 
Participation Funds and other Constitutional Funds act on the mayors’ wills to attract new 
immigrants? All those themes demand field investigations.  
  
2.1. Deforestation 
  
It is necessary to establish the distinction between different definitions of deforestation in 
Amazonia. Deforestation means the total removal of the forest for land use, be it for 
agricultural crops, pasture, mining, transport, energy production, colonization projects or other 
purposes. 
 
In Amazonia, the clear-cutting of the forest is a usual exploitation method. Therefore, to be 
more precise the term deforestation does not embrace forest management activities and/or 
selective wood exploitation. 
 
FEARNSIDE (1991) refers to deforestation as the loss of the original forest. The inundation of 
water dams is considered deforestation. Deforestation does not include disturbance that leaves 
the canopy intact, once the wood removal is not captured by satellite.  
 
INPE (2001) defines deforestation as the conversion of primary forest physiognomy areas by 
anthropogenic actions, for the establishment of agriculture, forest plantations or cattle breeding 
activities, detected by orbital platforms.  

Deforestation seems to be the most important element of Amazonian environmental 
degradation. Its rate, as detected by Landsite satellite, has ranged from 11,000 to 30,000 km² 
per year during the last decade (INPE, 2001). 

The deforestation process is complex and its underlying reasons are only partially known  
(MARTINS, 1999; PPG7, 2000). The following factors are quoted as contributions to the 
deforestation rate and its variation: 

a)  Spatial distribution: most of the land use conversion is located near existing roads, 
concentrated in the region and denoted as “Arco do Desflorestamento” (Deforestation 
Arch).   

b)  Investments in agriculture: agricultural credits contribute to land conversion.  

c) Transportation, infra-structure creation and improvement: improvement of access to new 
areas opens new market opportunities for agricultural products, encouraging deforestation – 
the investments made in infra-structure increase comparative advantages of developing 
places for the production of grains directed to international markets. 
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d)  Property rights: land conversion also occurs for purposes of ascertaining land claims rights.  

e) Economic dynamics: economic growth increases the pressure over land deforestation 
through the regional demand growth for food and wood. 

f)  Political situation: during election periods, there is frequently a coincidence with actions 
that promote deforestation (e.g. road construction or improvement, inspection reduction, 
credit access).  

g) Climate dynamics: heavy rains raise agricultural production difficulties, limiting land 
conversion. 

h)  Social movements for land occupation: invasions are conducted principally towards forest 
lands, given the possible immediate revenue that can be made by the sale of wood and the 
use of fresh forest soil for subsistence agriculture. 

i)  Urban migration: depending on the migratory flow direction, the pressure over new land 
conversions can be reduced, but it can concentrate the population in peripheral city areas, 
thus increasing environmental degradation. 

j)  The costs of farming: these costs act on the landowner’s decision whether to convert or not 
forest areas for agriculture lands.  

 
3.  METHODOLOGY 

 
3.1. Area of the study  
 
3.1.1 The Amazonian forest  

 
The area embraced in this study is the Legal Amazon Region.  
 
Different types of vegetation form the Amazonian Forest. From a practical point of view, the 
relationship with wood exploitation can distinguish two main types of forest formation: the 
varzea forest (situated in low and flat land alongside a watercourse that remains periodically 
flooded), and the mainland forest (situated in the Amazonia basin high lands, that are not 
subject to regular floodings). 
   
PANDOLFO (1986) estimates that varzea forests cover an 18 to 20 million ha surface, as the 
mainland forest covers 353 million ha. Both types of forest have a potential volume over 15 
billion m3 for wood exploitation. The majority of the wood remains in mainland forests; only 
2.5 percent of the wood is in varzea forests.  
 
The abundance of rivers facilitates wood transportation in and out of the varzea forests, which 
in the past used to respond with 80 percent of the wood supply for the market. This trend 
started to change in the 1970s, when the construction of roads opened mainland forests to 
exploitation. Nowadays, mainland forests play an important role in the Brazilian market.  
 
The varzea exploitation is selective; it is limited to some valuable commercial species (Carapa 
guianensis, Hura crepitans, Ceiba pentandra, Calophyllum brasiliense, Copaífera sp., Hevea 
brasiliensis, Naucleopsis caloneura, Virola surinamensis, Manilkara amazonica, Iryanthera 
surinamensis and others). The harvested wood volume yields vary from an average of 10 to 40 
m³ per ha (PANDOLFO, 1990 and HIGUCHI et al., 1994).  
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In general, the region’s inhabitants do the varzea exploitation manually. The wood is sold to 
the industry by intermediaries. Although the species exploitation is also heterogeneous, as 
compared with mainland forests, in the varzeas there is a greater volume of the same species 
per ha.  The coppice is cleaner and clearer. 
 
The mainland forests are marked by their heterogeneity; there can be more than 300 different 
forest species per ha. Exploitation occurs in three different ways: selective exploitation (where 
only the valuable trees are cut, e.g. Swietenia spp, Imburana cearensis, Cordia spp, Cedrela 
spp, Bowdichia nitida etc.); planned exploitation under a sustainable forest management 
system; and clear-cutting for land conversion.  
 
After 1988, the Federal Government started to impose new regulations on forest exploitation in 
the Amazon, that is to say, sustainable forest exploitation, not logging (which in the present 
paper is meant to be forest harvesting prior to deforestation or conversion of the forest to other 
land uses). According to these regulations, and with the practice of forest management plans in 
mainland forests, production volumes, on average, range between 10 to 45 m³ per ha, due to 
mechanized exploitation. 
 
FIGURE 1 – DEFORESTATION IN THE BRAZILIAN AMAZONIA 

 
Source: INPE (2001) 

 
3.1.2 Socio-economic aspects of Brazilian Amazonia 
 
Large-scale migration into the Amazon began in the 1960s following the government’s 
regional development policies and this led to the establishment of large cattle ranches based on 
generous subsidized credit schemes (DEAN, 1993).  
 
From the beginning, these development schemes included major agrarian reform and 
resettlement programmes that sought to address the country’s regional disparities in wealth and 
land distribution.  
 
In the 1980s, the net emigration to the Amazon (an area constituting half of the national 
territory) represented only 1 percent of Brazil’s total population. The latter half of the 1980s 
witnessed a shift in trends, with emigration declining. The economic crisis of the 1980s may 
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underlie the decline in emigration. Increased economic activity in the urban informal sector, 
lack of resources necessary to emigrate, and a decrease in available credit and other economic 
incentives in frontier areas are likely to be contributing factors. Further, the pool of potential 
emigrants (rural men between 20 and 39 years of age) declined in both absolute and relative 
terms in the 1980s. Although cities, villages and small-scale mining sites grew very rapidly 
during the 1980s, the greater part of this growth was due to emigration within the Amazon 
region rather than emigration originating in other regions (GTA, 1998). 
 
The urban population in the Amazon region increased considerably during the 1990s. In 1991, 
44 percent of the population in the Amazon was rural. In 2000, the preliminary results from the 
IBGE census indicate that this proportion decreased to 32 percent. Moreover, the urban 
population in the Amazon region increased by an average of 5.9 percent per year while for 
Brazil as a whole the urban population increased by an average of 2.7 percent per year. This 
could be an indication of a rural-urban migration process that may be occurring due to 
unsustainable patterns of agriculture production and poor living conditions in remote rural 
areas. 
 
HELFAND and REZENDE (2001) suggest that the population of the Amazon will reach 27 
million by 2010, increasing its share of the total national population from 11.6 percent in 1991 
to 13.9 percent in 2010.  
 
Deforestation is closely linked to emigration processes and property right claims in particular 
when the latter are poorly defined. The colonization projects introduced in the Amazon during 
the seventies attracted a huge amount of farmers to the frontier, motivated by easy prospects 
for claiming property rights. Existing evidence seems to support the fact that emigrations have 
had a large effect in expanding an already opened frontier area. 
 
ALMEIDA and CAMPARI (1995), SCHNEIDER (1995) and ALSTON, LIBECAP and 
MUELLER (2000) have found a strong relationship between incentives for land clearing and 
property right claims. PFAFF (1999) found that once the area is occupied the population 
density increases, and control over other variables does have a negligible effect on land 
clearing expansion. It is important to note that population is actually an endogenous variable 
and emigrations occur as a response to economic incentives. 
 
3.2 The data  
 
Data were collected from specialized literature, from statistics provided on a regular basis, by 
governmental and non-governmental organizations, and by interviewing technicians and 
experts who deal and work with forest policy, forest management and forest-related issues or 
activities in different Amazonian states and in Brasilia.  
 
The study data are annual time series, over the period 1980 to 99,  and they are built as follows: 
all the graphs are shown as an index, where the variable value in the year 1980 is equal to 100. 
The use of time-series data is very helpful in trying to explain deforestation on the basis of 
independent variables’ variation and interaction. 
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3.3 The variables  
 
3.3.1 Deforestation 
 
Deforestation is measured in km2, as calculated by the Instituto Nacional de Pesquisas 
Espaciais (INPE), on an annual basis.  

In Table 1, we show the extension of deforestation for the selected years. From 1980 to 1999, 
approximately 325,000 km2 of forest were cleared.  

TABLE 1 - ANNUAL GROSS DEFORESTATION (KM2/YEAR) OVER THE PERIOD 
1977-1999. 

 
Estados da 
Amazônia 77/88* 88/89 89/90 90/91 91/92 92/94*

* 94/95 95/96 96/97 97/98 98/99 

ACRE 620 540 550 380 400 482 1.208 433 358 536 441 
AMAPÁ 60 130 250 410 36 - 9 - 18 30 - 
AMAZON
AS 1.510 1.180 520 880 799 370 2.114 1.023 589 670 720 

MARANH
ÃO 2.450 1.420 1.100 670 1.135 372 1.745 1.061 409 1.092 1.230

MATO 
GROSSO 5.140 5.960 4.020 2.840 4.674 6.220 10.391 6.453 5.271 6.466 6.963

PARÁ 6.990 5.750 4.890 3.780 3.787 4.284 7.845 6.135 4.139 5.829 5.111
RONDÔNI
A 2.340 1.430 1.670 1.110 2.265 2.695 4.730 2.432 1.986 2.041 2.358

RORAIMA 290 630 150 420 281 240 220 214 184 223 220 
TOCANTI
NS 1.650 730 580 440 409 333 797 320 273 576 216 

AMAZÔNI
A 21.130 17.860 13.810 11.130 13.786 14.896 29.059 18.161 13.227 17.383 17.259

Source: INPE (2001). * Decade Mean; ** Biennium Mean 
 

The growth in deforestation decreased, for the whole Amazon region, during the 1990/99 
period. Nonetheless, approximately 175,000 km2 of forests were still cleared in this period 
(INPE, 2001). In the states of Amapá, Mato Grosso and Roraima, the extension of 
deforestation actually has increased, while for Acre and Rondonia it remained relatively stable. 

 
Figure 2 shows the evolution of deforestation in the Brazilian Amazon.  
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FIGURE 2 – EVOLUTION OF THE BRAZILIAN AMAZON DEFORESTATION 
(1980 = 100). 
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 Source: INPE (2001). 
 
3.3.2 Paved and unpaved roads 
 
Paved and unpaved roads are measured in km, based in the Anuario dos Transportes 
(Transport Annuary) yearly survey, published by the Empresa Brasileira de Planejamento de 
Transportes (GEIPOT) Ministry of Transportation.  
 
Since the1970s a massive colonization effort through road building has been undertaken by the 
Government of Brazil. The availability of roads decreased transport costs enabling large 
pastures, agriculture, logging and the timber industry to become financially viable. The 
colonization development is also strongly associated with the construction of roads, which in 
turn is one of the principal causes of deforestation (FERRAZ, 2001; MARGULIS, 2001; REIS 
and GUZMÀN, 1993). 
 
Extensive networks of paved and unpaved roads were built in the Amazon during the 1980/99 
period as illustrated by Figure 3. The extension of paved roads increased more than 100 percent 
during the 1980/99 period, and approximately 460 percent for unpaved roads.  
 
Paved roads are generally related to new frontier areas, and small unpaved roads with further 
occupation. From major highways to small unpaved, unimproved logging roads, the latter 
opened by logging companies, both generate development and settlement.  
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FIGURE 3 – PAVED AND UNPAVED ROADS INDEX FOR AMAZONIA (1980 = 100) 
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3.3.3 Energy 
 
Energy consumption is measured in Gwh, and it was used as a proxy for the infrastructure 
investment made by the government in the Amazon region. Figure 4 shows the energy 
consumption growth. 
 
The government’s energy policies for Amazonia were mostly based on electrical energy, 
especially hydroelectric. Energy has been an indispensable means of industrial and urban 
expansion in Amazonia.  
 
FIGURE 4 – ENERGY CONSUMPTION INDEX FOR AMAZONIA (1980 = 100) 
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3.3.4 Population 
 
In this study we have assumed that the urban sector does not cause deforestation directly, 
because urban activities (government activities, transportation, services, mining, 
agroprocessing, etc.) require only a negligible amount of land. However, there is an indirect 
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effect on deforestation through the urban sector’s demand for agricultural products, in the form 
of both raw materials and food for the urban population. 
 
Demography is referred to the north region of Brazil, and is measured by the urban and rural 
population. Its evolution is shown in Figure 5. 

 
FIGURE 5 – TOTAL POPULATION INDEX FOR AMAZONIA (1980 = 100) 
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3.3.5 Total roundwood production  
 

The total roundwood production directed towards many end-uses (e.g. firewood, charcoal, 
poles, posts and other products) is employed as a proxy of total logging activity, in general.  
Roundwood is defined in FAO’s Yearbook of Forest Products as: “Wood in the rough. Wood 
in its natural state as felled, or otherwise harvested, with or without bark, round, split, roughly 
squared or other forms (e.g. roots, stumps, burls, etc.). It may also be impregnated (e.g. 
telegraph poles) or roughly shaped or pointed. It comprises all wood obtained from removals, 
i.e. the quantities removed from forests and from trees outside the forest, including wood 
recovered from natural felling and logging losses during the period - calendar year or forest 
year. Commodities included are sawlogs and veneer logs, pulpwood, other industrial 
roundwood (including pitprops), wood for charcoal and fuelwood. The statistics include 
recorded volumes, as well as estimated unrecorded volumes as indicated in the notes. Statistics 
for trade include, as well as roundwood from removals, the estimated roundwood equivalent of 
chips and particles, wood residues and charcoal”. 
 
It is important to note that data and statistics on total roundwood production for the Brazilian 
Amazon involve a certain amount of “guesswork”: in general, these are aggregate estimates 
based on interpolations or extrapolations of some statistical base that was generated by a 
specific field survey or investigation (non-systematic), or they involve more systematic data 
collection for certain products for which the industry is more modern and organized (like pulp 
and paper production, for instance) or are, indirectly, obtained by derivations from technical 
conversion parameters. Roundwood equivalents of fuelwood production in the Amazon (which 
represents a reasonable share of total roundwood production in the region), for example, are 
estimated indirectly, involving growth trends of regional income, of per capita fuelwood 
consumption and of deforestation rates themselves. 
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These limitations, or deficiencies, of total roundwood production statistics for the Amazon 
must be taken into account when interpreting the effects of this proxy of total logging activity 
on deforestation. As one might expect, too close a correspondence between logging, as 
measured by a proxy of such an aggregate nature as total roundwood production, and 
deforestation would be likely to occur. 
 
When interpreting the results of our statistical models it is also crucial to have a precise notion 
of what is logging in the Amazon. 
 
Logging, as practised in Amazonia, cannot, strictly speaking, be considered as a forest activity. 
It is, in fact, either a land-clearing operation of forest conversion (clear-cutting) to give way to 
other alternative competing land use activities (such as crops, pastures), or a partial harvesting 
of timber (exploitation/felling of the best individuals of valuable commercial timber stocks), 
that will ultimately also lead at a later stage to agriculture or cattle breeding activities replacing 
forests. 
 
Even “low-impact” highly selective logging, as still practised in some flooded forest areas 
(varzea forests) in Amazonia, is a predatory and empirical type of exploitation that may lead to 
impoverishment of the forest and even threaten the survival/reproduction of species in some 
limited areas. With population pressure and the increasing occupation of some remote areas in 
the Amazon, traditional selective logging tends to be more intensive, and thus becomes as 
damaging as logging directly associated with deforestation. 
 
Logging in Amazonia, therefore, does not ensure forest maintenance, renewal or sustainability; 
on the contrary, it ensures conversion of forests to other alternative uses. Actually, logging is 
but a mere complementary activity, an accessory, to agriculture and cattle breeding, an 
operational stage in the process of converting land to a subsequent establishment of crops and 
pastures. As such, logging activity can be a means of financing the conversion of forests to 
other land uses, and indeed there is ample evidence that this has become so in many areas in 
Amazonia. 
 
Since the end of the 1980s, when timber industry production in Amazonia started to grow 
considerably, and fiscal incentives to agriculture and cattle raising and other 
government-sponsored investments in the region began to decline, this capacity of logging to 
finance deforestation, as put forward by authors like PRADO (1997), VERISSIMO and 
AMARAL (1996), has become more intense in areas of bigger influence of the timber industry, 
such as for instance in the municipalities of Paragominas-Pará, Sinop-Mato Grosso, and 
Ji-Paraná/Ariquemes-Rondônia, examples of regions known as timber-industry poles. As 
pointed out by REIS and MARGULIS (1991), until then the timber industry in the Amazon 
had a weak influence on deforestation. 
 
As part of the process of deforestation under way in the Amazon Region, rogging interests are 
very much the same as those of farmers, shifting cultivators, rural producers and ranchers. In 
this sense, loggers’ interests reinforce deforestation interests, and vice-versa. They seem to go 
hand in hand, bound together by an identity of association as if they were all partners in a 
business: deforestation. As very well put forward by CARVALHO (1999) in his description of 
the political configuration of the problems of the Amazon Rainforest: “When conservation 
activities and sustainable use of forest resources are ranked as secondary or subsidiary factors 
in the development process, the vision and focus of the community regarding forest issues are 
subordinated to its higher-ranked day-to-day activities. These are of more immediate interest to 
the social groups that participate in the productive process and dominate political decisions. 
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In many countries and regions, particularly where ample land is still available, rural 
development is based largely on the expansion of the farming and ranching frontier, converting 
forests into farmland, in parallel with the empirical and predatory exploitation of forest 
resources of greater economic value. In these cases, rural communities do not view forest lands 
as sheltering resources that can be managed, but rather as strategic reserves of land available 
for take-over by the farming and ranching process, making merely residual use of timber left 
over from cleared areas.” 
 
SCHOLZ (1998) and SCHINEIDER et al. (2000) provided good and similar descriptions of 
the logging process in the Brazilian Amazonia region. 

 
Figure 6 presents the volumes of total roundwood production in the Brazilian Amazon over the 
years 1980-99, estimated by FAO. 
 
FIGURE 6 – TOTAL ROUNDWOOD PRODUCTION INDEX FOR AMAZONIA 

(1980 = 00). 
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3.3.6 Timber industry 
 

To verify the influence of the timber industry on deforestation, the consumption of timber for 
industrial processing (sawlogs and veneer logs) was used as a proxy for the installed industrial 
capacity in Legal Amazonia.  
 
Sawlogs and veneer logs are defined in FAO’s Yearbook of Forest Products as: “Sawlogs, 
veneer logs and logs for sleepers. Logs whether or not roughly squared, to be sawn (or 
chipped) lengthwise for the manufacture of sawnwood or railway sleepers (ties). Shingle bolts 
and stave bolts are included. Logs for production of veneer, mainly by peeling or slicing. 
Match billets are included, as are special growth (burls, roots, etc.) used for veneers”. 
 
The exhaustion of Brazil’s southern native forests, the opening of roads and other 
infrastructure, plus lack of environmental oversight, and the increase in demand for timber 
have all contributed to rapid growth of the timber industry in the Amazon. Between 1980 and 
1999 the installed capacity of industrial roundwood processing in the Legal Amazon increased 
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from 16 to 25 million m3 (ITTO, 2002). Growth is expected to continue at a rate of 5 to 7 
percent a year, due to continuing increases in domestic and international demand and declining 
supply from the Atlantic Forest (ARIMA et al., 1999). 
  
One of the best analyses and descriptive syntheses of the profile and performance of the timber 
industry existing in the Amazon today is that provided by SCHNEIDER et al. (2000). 
  
According to these authors, Legal Amazonia produces today approximately 90 percent of the 
industrial native timber of Brazil. The timber industry is the main economic activity of 
industrial transformation in the Amazon, representing some 15 percent of the GDP of Pará, 
Mato Grosso and Rondonia states. In 1998, the gross income of the sector was estimated at 
US$ 2.5 billion. The timber industry generates approximately 500 thousand direct and indirect 
jobs in the region. 
 
Yet, as these authors describe, the major part of timber industry logging in the Amazon is done 
as a complement to agriculture and cattle raising. As a result, the exploitation or logging 
frontier of the industry has followed the expansion of the agriculture frontier, in the entire 
region. The overwhelming pattern of the mode of exploitation is predatory logging for 
industrial or commercial timber, characterized by excessive damage to the forests, excessive 
pressure over high valued timber species, and greater risk of fires in exploited areas.  
  
This pattern of predatory logging closely associated with the expansion of deforestation has 
led to the exhaustion of forest resources in all old “timber-pole” regions of the Amazon. By 
the end of the 1990s, timber industry logging in old frontier areas, such as Paragominas (Pará), 
Sinop (Mato Grosso), Vilhena-Ji Parana-Ariquemes (Rondonia) was already declining and, 
according to estimates, the scarcity of wood in these regions will force timber companies to 
migrate or shut down in the next five years. 
  
In frontier areas not so old (intermediate age), as in the north of Mato Grosso state, and in Pará 
(Tailandia-Maraba), the authors estimate that the natural forest timber stocks will be sufficient 
for an additional 10-20 year period of exploitation under present conditions. 
  
In the regions of more recent agriculture frontier expansion (the new frontiers) as, for example, 
Novo Progresso (Pará), Novo Aripuana-Apui (Amazonas) and Senador Jose Porfirio-Portel 
(Pará), the estimates are that stocks could last up to 30-40 years.  
  
As per the analyses of the quoted study, and as illustrated by the map on the mobility of the 
timber industry in the Amazon, elaborated by the authors (see map below), industrial timber 
companies and loggers of Rondonia are moving into Bolivia and to Amazonas state, while the 
timber industry of the old frontiers of Pará and Mato Grosso are migrating to the newer 
frontiers of western Pará and south-eastern Amazonas. 
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FIGURE 7 – TIMBER INDUSTRY POLES AND MIGRATION OF INDUSTRIAL 
LOGGING IN AMAZONIA  

 

 
Source: SCHNEIDER et al. (2000) 

 

As the referred authors state, “the current logging model has a strong impact on the economies 
of communities in the Amazon. Following the expansion period, the consequent exhaustion of 
resources results in an inevitable economic recession in the local economy. The gravity of this 
recession depends on the local agricultural potential, that is, on the extent to which the 
emerging agricultural economy can replace the loss of the timber economy. For example, 
Paragominas, the oldest logging frontier in the Amazon, established at the end of the 1970s, is 
confronting a grave shortage of primary material due to the exhaustion of its forests. In the past 
five years, approximately 50 sawmills closed or migrated, and the volume of wood processed 
fell approximately 30 percent. A similar phenomenon can be witnessed in the county of Sinop 
(Mato Grosso), one of the largest logging centres in the 1980s, and in Redençao (south of 
Pará). However, due to the fact that Sinop and Redençao are located in areas of open forest 
(characterized by low density of marketable timber) situated in the dry zone, the decline in 
timber harvesting has been more rapid than in Paragominas. In Sinop, the number of sawmills 
fell from approximately 400 at the end of the 1980s to fewer than 100 at the end of the 1990s. 
However, in this county, the decline in the timber sector has been largely compensated by the 
rapid growth of agriculture, principally ranching and soybean cultivation”........ “If market 
forces are not restrained, communities constructed in the latter (newer frontiers) areas during 
the logging ‘boom’ will become increasingly depressed during the subsequent ‘bust’ to an ever 
weaker agricultural base”.  
 
The statistics for production of sustainably managed timber are still deficient. HUMMEL 
(2001) estimates that the timber production under management was around 7.11 percent of the 
total production of 27.8 million m³ in 1996/97. 
  
VERISSIMO (2001) reports that sustainable forest management covers 5 percent of total 
timber production, and ANGELO (2001) estimates that sustainable timber production was 5.6 
percent of the total timber industry production in 2000. 
  
ANGELO and PRADO (2002) estimated a Brazilian tropical timber supply function for the 
period 1977-2000, so that the production is a function of the price, managed areas and 
Amazonia deforestation.  
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The results for the equation are shown below: 
 
Q t = 8,765 + 0,014Pt + 0,114X1t - 0,020X2t                  R2 = 0,92 
       (21,11)  (4,09)       (3,11)      (-1,24) 

Q represents the logarithm of the total tropical timber production in the year t; P is the 
logarithm of the price index, the aggregate wholesale price index, as a proxy for the timber 
price; X1 measures the deforestation area in the year t, it is a variable that captures the 
non-sustainable tropical timber production; X2 is the logarithm of the managed area in the 
year t.  
 
The adjusted equation explains 92 percent of the theoretical specification. The variable 
“managed forest area” does not have the expected sign, and it is not statistically significant at a 
10 percent probability.  
 
Based on these results it can be concluded that Amazonian tropical timber production is highly 
dependent on deforestation. Forest management expansion must be associated with the 
implementation of mechanisms that overcharge deforestation. 
 
FIGURE 8 – TIMBER INDUSTRY PRODUCTION INDEX FOR AMAZONIA (1980 = 100). 
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3.3.7 Gross domestic product for Amazonia 
 
The gross domestic product (GDP) data have been obtained from the series published by FGV 
in Conjuntura Economica. Figure 8 shows the average GDP growth for Legal Amazonia from 
1980 to 1999. 
 
The Amazon region GDP grew by an average of 15 percent per year during the 1980s 
and1990s. Income per capita more than doubled. Economic growth was achieved in the 
Amazon through the establishment of colonization projects in the region and the massive 
infrastructure investment and credit concessions provided by the Federal Government. The 
leading sector in this boom was the industry with an average growth rate of 26 percent per year 
mostly motivated by the creation of the Manaus Free Export Processing Zone, the expansion of 
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the mining industry, and other major capital-intensive investments, such as in the bauxite, 
aluminium, iron and other mineral industries. 
 
FIGURE 9 – AMAZONIAN GDP INDEX (1980 = 100). 
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3.3.8 Land prices in Amazonia 
  
Market demand for crops, labour and land has induced land-clearing processes. Among these 
factors, land speculation has been one of the driving forces inducing deforestation processes in 
the region, especially in the 1980s. The open access characteristic of the Amazon forest 
induced a race for property rights, both as direct government strategy and as a market response 
to the possibility of obtaining land titles. Subsidized rural credit for pasture conversion and 
cattle ranching created an additional pressure on land prices through the demand for large 
amounts of land.  
 
Therefore, the relationship between changes in the price of land and the demand for cleared 
land is quite complex. An increase in the price of land raises the cost of acquiring or renting 
land and tends to decrease the demand for cleared land as an input. Nevertheless, an increase in 
the price of land generates expected future gains that could increase the demand for land 
caused by speculative motives. Additionally, cattle and land served as secure assets in periods 
of high inflation. From the early 1980s until the “Plano Real” in 1994 the price of land was 
greatly determined by macroeconomic variables and government policies, especially because 
of inflation control and stabilization policies (FERRAZ, 2001). 
 
Figure 10 presents the evolution of land prices in the Amazonian region. The land price is 
estimated by the price paid for agricultural and pasture land in the States of Rondônia, Pará and 
Mata Grosso. 
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FIGURE 10 – LAND PRICES INDEX (1980 = 100). 
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Source: FGV. 

  
3.3.9 Livestock/cattle herd in Amazonia 
 
Cattle ranching is carried out as another substantial portion of the deforestation activity. Cattle 
ranching activities are in general oriented by market prices; it is expected that the price of cattle 
will determine the expansion of cattle ranching in the Amazon region. 
 
Figure 11 presents the average price evolution of traded bovine cattle, and the cattle-herd 
stocks in the Amazon from 1980 to 1999. SCHNEIDER et al. (2000) estimate a low internal 
rate of return for the cattle activity in the Amazon suggesting that additional explanations are 
needed in order to elucidate on the massive growth of cattle in the region.  
 
WALKER et al. (2000) suggest that even though beef prices fell in real terms, the relative price 
of beef with respect to crops has increased, making cattle ranching profitable even for small 
farmers. Additionally, it is important to take into account that there are additional returns to the 
cattle breeding activity such as the establishment of property rights and protection against high 
inflation. Another possible explanation for the increasing cattle herd is the historical cultural 
importance of cattle breeding, institutional aspects, past government incentives and 
technological gains. 
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FIGURE 11 – CATTLE-HERD AND CATTLE PRICE INDEX FOR AMAZONIA 
(1980 = 100) 
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Source: FGV. 

 
3.3.10 Agricultural credit  
 
In the 1980s, the volume of official subsidized credit in Brazil contracted significantly in an 
effort to create internal balance in the Brazilian economy. In 1987 subsidy was eliminated, and 
real interest rates moved to positive. 
 
Unfortunately, agricultural credit can have a negative impact on the forests whether it is given 
or withheld. The tightening of credit after the mid-1980s may have had a negative impact on 
the Amazonian environment. First, the abrupt decline in credit volume is thought to have 
disrupted some smaller-scale agriculture in the region.  
 
While credit has tightened, it remained available. There are still a number of 
government-sponsored programmes for subsidized credit that affect forests both directly and 
indirectly. Such credit programmes totalled about R$1 billion in 1999. 
 
Figure 12 presents agriculture and cattle ranching credits distributed by the government in 
Legal Amazonia. The data for agricultural credits are published by the Banco Central do Brasil 
(Brazilian Federal Reserve Bank).  
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FIGURE 12 – RURAL CREDITS INDEX (1980 = 100) 
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A short description of the largest credit programmes is provided in Table 2.  
 
TABLE 2 - DESCRIPTIONS OF THE LARGEST GOVERNMENT FINANCING 

PROGRAMMES 
 

PROGRAMME DESCRIPTION RESOURCES

Constitutional fund 
to finance the North 
Region of Brazil 
(FNO).    

Created in the 1988 Constitution in conjunction with similar 
funds for the Northeast and centre-West regions, this fund 
finances the full spectrum of rural and industrial activities, 
with 70 percent and 30 percent of resources, respectively, 
with interest rates of up to 6 percent + TJLP tax 
(approximately 13 percent) per year.   

R$ 253 million 
(1998) 

National programme 
to strengthen family 
agriculture 
(PRONAF) 

Programme structured in 1995 for rural producers with 
income lower than R$ 8,000; more than 200,000 producers 
have been attended in all the country with up to R$ 5,000 
per producer, operated by Banco do Brasil, with interest 
rates from 5.0 to 6.5 percent per year. 

R$ 170 million* 
for 66,737 
families. 
(2000) 

Special credit 
programme for 
agrarian reform 
(PROCERA) 

Programme designed to assist agrarian reform projects, up 
to R$ 2,000 for operational expenses and R$ 7,500 for 
investments, operated by Banco do Brasil, Banco da 
Amazonia and Banco do Nordeste, with interest rates of 6.5 
percent + 50 percent of TJLP tax (approximately 13 
percent) per year. 

R$ 140 millions 
(1998) 

Source: LELE et al. (2000); * only in Legal Amazon, estimated by the authors. 
 
3.3.11 GPI - General price index 
 
The general price index is used as a proxy for timber prices and other commodities. Figure 13 
shows the evolution of GPI over the period 1980-99.  
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FIGURE 13 – GPI LOGARITHM (1980 = 100). 
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Source: IPEA 

 
The inclusion of this variable is based on the assumption that increases in timber prices, cattle, 
crops and land contribute to deforestation.  
 
4. STATISTICAL MODELS 
 
4.1 Correlation analysis  
 
The association level between the studied variables was evaluated by correlation analysis and 
its correlation coefficient significance measured by the t  Student’s test, with the probability of 
5 percent.  
 
4.2 Principal components analysis  
 
Consider the variables X1, X2, X3, .... Xp normally distributed with vector of a mean u and 
variance-covariance matrix S.  
 
The principal components analysis searches to define linear combinations of X1, X2, X3, ... Xp 
so that each combination explains most of the variable generalized variance, each combination 
being linearly independent (the least number of non-correlated variations) to facilitate the study 
of the relationships between them and to determine the factors responsible for their variations.  
 
The algebraic solution to determine the principal components, using matrix notation, consists 
in determining the eigen value (λi) and the eigen vector (ai) associated to the covariance 
matrix. From the eigen value comes the variance of its respective principal component; 
therefore, from the eigen vector elements the coefficients to obtain the principal components 
are derived (MORRISON, 1967; MOREIRA, 1985). 
 
The eigen values (λi) have characteristics that: λ1 > λ2 > λ1 >... λp, and each eigen value has its 
eigen vector associated. 
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4.3 Dispersion analysis  
 
The variables dispersion analysis is made graphically, showing the points projection in a two 
plan axis. This plan is formed by the first and second components, which are the first and 
second axes, in a space of two dimensions. The bidimensional dispersion provides a good 
representation of the “mass” of points. Nevertheless, precautions must be taken before 
considering the close variables in the mass points.   
 
Several authors recommend the graphic representation for the interpretation of the variables 
relationship with deforestation. (JUDES et al., 1984; MOREIRA, 1985; ANGELO et al., 1988; 
ANGELO, 1996). In the analysis, the variables will be expressed in the same scale system. 
 
4.4 Regression analysis  
 
To estimate the elasticities of the chosen variables with the deforestation dynamics, the 
following specification is proposed:  

µβ β += i
tt XiY 0                                [1] 

Yt  = Deforestation in km², in the year t; 
X1t = Paved and unpaved roads in km, in the year t; 
X2t = Energy consumption in Gwh, in the year t; 
X3t = Population, in the year t; 
X4t = Total roundwood production in m3, in the year t;  
X5t = Timber industry – capacity installed in m3, in the year t; 
X6t = GDP in billion dollars, in the year t;  
X7t = Average land price, dollar per ha., in the year t; 
X8t = Land price for crops, dollar per ha., in the year t; 
X9t = Land price for pasture, dollar per ha., in the year t; 
X10t = Cattle-herd, in the year t; 
X11t = cattle price, in the year t; 
X12t = rural credits in dollars, in the year t; 
X13t = wood price index, in the year t ; 
X14t = National Programme to strengthen family agriculture - PRONAF, in the year t *; 
bi = parameters, i = 1, 2, 3 ... n;  
µ = Stochastical term. 
( * evaluated from 1996 to 99, per each Legal Amazonian State ) 

 
Equation [1] was used because of its empirical convenience and its advantages, according to 
BRAGA and MARKWALD (1983).  
 
The tested hypothesis is that H0: bi = 0 "versus" Ha: bi > 0, that is, there are significant 
relationships between Amazonian deforestation and the model variables.  
 
As the variables in the equation [1] are the logarithms of their original values, the regression 
coefficients are the elasticities of the explanatory variables for Amazonian deforestation.  
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5. ESTIMATION RESULTS 
 
5.1 Correlation analysis  
 
The results for the correlation analysis are shown in table 3. In general, the correlations 
between deforestation and the other variables are statistically significant, except for land prices 
and rural credit. The explanatory variables for deforestation show high correlations between 
them, and this may cause the multicollinearity problem. The most feasible way to solve the 
multicollinearity situation is by using principal components multivariate statistic analysis. The 
low correspondence between land prices and rural credit with the other variables is also noted 
in Table 3.  
   
The correlation matrix by itself is an insufficient analysis to explain the variables’ variance and 
relationships. The option for using principal components analysis is that the exploratory 
technique gives an efficient multidimensional analysis for data variance.  
 
TABLE 3 - CORRELATION MATRIX  
                        

 DEFOR ROADS POP TRP TI GDP LPRICE CPRICE PPRICE CPRICE RUCRED ENERGY REBAN TIMBERP
DEFOR 1.00 0.87 0.94 0.93 0.80 0.75 -0.35 -0.31 -0.40 -0.51 -0.32 0.99 0.88 0.87 

ROADS  1.00 0.95 0.96 0.87 0.90 -0.52 -0.49 -0.56 -0.47 -0.20 0.91 0.95 0.97 

POP   1.00 0.99 0.91 0.88 -0.36 -0.32 -0.41 -0.36 -0.14 0.96 0.97 0.97 

TRP    1.00 0.94 0.91 -0.34 -0.31 -0.39 -0.37 -0.13 0.95 0.98 0.99 

TI     1.00 0.85 -0.17 -0.13 -0.22 -0.16 0.08 0.82 0.94 0.94 

GDP      1.00 -0.29 -0.26 -0.32 -0.18 0.06 0.80 0.92 0.92 

LPRICE       1.00 1.00 1.00 0.65 0.57 -0.34 -0.37 -0.37 

CPRICE        1.00 0.99 0.66 0.59 -0.30 -0.33 -0.34 

PPRICE         1.00 0.63 0.55 -0.39 -0.40 -0.41 

CATTLEP          1.00 0.79 -0.48 -0.35 -0.34 

RUCRED           1.00 -0.27 -0.10 -0.11 

ENERGY            1.00 0.90 0.90 

CATTLES             1.00 0.98 

TIMBERP              1.00 

Note: DEFOR = deforestation; ROADS = paved and unpaved roads; POP = population; TRP = total roundwood 
production; TI = timber industry; GDP= Gross Domestic Product; LPRICE = land prices; CPRICE =  land prices for 
crops; PPRICE =  land prices for pasture; CATTLEP = cattle price; RUCRED = rural credit; 
ENERGY = energy consumption; CATTLES = cattle-herd size; TIMBERP = timber price. 

  
The results of the simple correlation matrix provide evidence that roads, population, total 
roundwood production, the timber industry, GDP, cattle price, cattle-herd, energy and timber 
prices are important variables to explain Amazonian deforestation. The coefficients are positive 
and significantly different from zero, at a 5 percent probability. In the literature, these variables 
have been pointed out as having an important role in explaining the evolution and the rates of 
deforestation in Amazonia (PANDOLFO, 1990; FEARNSIDE, 1989; LAURANCE et al., 
2001).  
 
5.2 Principal components analysis 
 
The matrix for eigen values and eigen vectors for the first five components is shown in table 4. 
As a consequence of the orthogonality property, each component can be interpreted separately. 
Thus, the vector associated with the first component (PC1) expresses deforestation and its 
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positive relationship with deforestation, roads, population, total roundwood production, the 
timber industry, GDP, cattle-herd, energy and wood price. 
 
TABLE 4 – PRINCIPAL COMPONENTS RESULTS  
 

VARIABLES PC1 PC2  PC3  PC4  PC5  

DEFOR 0.92172 -0.10858 0.28594 0.20545 -0.08555 
ROADS 0.98164 -0.05961 -0.08425 -0.07077 -0.02719 
POP 0.9656 -0.22676 0.03528 0.09976 -0.00908 
TRP 0.96868 -0.24127 0.03274 0.01098 0.01653 
TI 0.85899 -0.42679 -0.0686 -0.05439 0.02933 
GDP 0.86692 -0.32255 -0.2052 -0.16708 0.11173 
LPRICE -0.55705 -0.76966 0.30807 -0.0457 0.00917 
CPRICE -0.52574 -0.79476 0.30089 -0.00173 -0.00222 
PPRICE -0.59329 -0.73153 0.31628 -0.10181 0.02442 
CATTLEP -0.53054 -0.64484 -0.43453 0.24567 0.2306 
RUCRED -0.30021 -0.73918 -0.52149 -0.00395 -0.30161 
ENERGY 0.93868 -0.15076 0.22957 0.16237 -0.06679 
CATTLES 0.95746 -0.2334 -0.04535 -0.06343 0.02971 
TIMBERP 0.95984 -0.23143 -0.05369 -0.08814 0.06325 
Expl.Var 9.20276 3.26329 0.94187 0.19915 0.17593 
Prp.Totl 0.65734 0.23309 0.06728 0.01423 0.01257 
Prp.Acum. (%) 0.65734 0.89043 0.95771 0.97193 0.9845 

Note: DEFOR = deforestation; ROADS = paved and unpaved roads; POP = population; TRP = total roundwood 
production; TI = timber industry; GDP= Gross Domestic Product; LPRICE = land prices; CPRICE =  land prices 
for crops; PPRICE =  land prices for pasture; CATTLEP = cattle price; RUCRED = rural credit; 
ENERGY = energy consumption; CATTLES = cattle-herd size; TIMBERP = timber price. 
 
The parameter values associated with land prices, land prices for crops, land prices for pasture, 
cattle prices and rural credit in the first component should not be considered due to their low 
magnitudes. The first component establishes that deforestation has a direct relationship with 
roads, population, total roundwood production, the timber industry, GDP, cattle-herd, energy 
and timber price. In terms of the component, it is also possible to attribute relative weights to 
each variable. The highest weights are for deforestation, roads, population, total roundwood 
production, cattle-herd, energy and wood price.  It is possible to interpret these results and 
conclude that Amazonian deforestation is significant and positively associated with the 
behaviour of these variables, and negatively associated with land prices, cattle prices and rural 
credit. 
 
It is verified in Table 4 that the first eigen vector (λ1) is equal to 9.20 and that the vector 
contributes with 65.73 percent of the total variance. The second component contributes with 
23.30 percent of the total variance. The two first components together explain 89 percent of the 
total variance.     
 
The second component shows association with the other mentioned variables, i.e. land prices 
and rural credit. These variables work in an inverse way with deforestation. Therefore, the 
results for this component suggest that an increase in land prices and rural credit tends to 
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reduce deforestation. The increase in rural credit can help to elevate agricultural productivity; 
this fact can explain the negative valence between deforestation and rural credit. The increase 
in land prices reduces the demand for new agricultural and cattle ranching lands. The third 
component, together with the first two, explains 95.77 percent of the total variance.  
 
5.3 Dispersion analysis  
 
Figures 13 and 14 represent deforestation and all of the other variables expressed in principal 
component values. In picture 1, the horizontal axis corresponds to the first component, and the 
vertical axis to the second component. Both axes together explain 89 percent of the total 
variance. In picture 2, where the vertical axis represents the third component, and the 
horizontal axis the first component, both axes together explain 72.4 percent of the total 
variance. 
 
The interpretation of these pictures shows the proximity of deforestation with all of the other 
variables, except for five variables, namely, land prices (average, crops and pasture), cattle 
prices and rural credit.  
 
The proximity of deforestation with the other eight variables shows that they are positively 
correlated, and that there is a strong association between the variables deforestation, roads, 
population, total roundwood production, the timber industry, GDP, cattle-herd, energy and 
wood price. The relationship of the first component plan (PC1) versus the second component 
plan (PC2) would be 100 percent true only if it could explain 100 percent of the total variance. 
Nevertheless, it does not invalidate this correlation, where PC1 x PC2 explain approximately 
89 percent of the total variance.   
 
FIGURE 13 – VARIABLES REPRESENTATION WITHIN FIRST VERSUS SECOND 
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Note: PC = principal component; Desm = deforestation; MV = roads; POP = population; TRP = total roundwood 
production; SAWLOG = wood industry; PIB = GDP; PTERRA = average land price; PTLAV = crop land price; 
PTPAST = pasture land price; PBG = cattle price; CRU = rural credit; ENERGY = energy consumption; REBAN 
= cattle-herd; IGP = wood price. 
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FIGURE 14 – VARIABLES REPRESENTATION WITHIN FIRST VERSUS THIRD 
PRINCIPAL COMPONENT 
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Note: PC = principal component; Desm = deforestation; MV = roads; POP = population; TRP = total roundwood 
production; SAWLOG = wood industry; PIB = GDP; PTERRA = land price;  PTLAV =  land price for crops; 
PTPAST = land price for pasture; PBG = cattle price; CRU = rural credit; ENERGY = energy consumption; 
REBAN = cattle-herd size; IGP = wood price.  
 
5.4 Regression analysis 
   
The simple regression results (Table 5) show that roads, population, total roundwood 
production, the timber industry, GDP, cattle-herd, energy and wood price are important 
explanatory variables for Amazonian deforestation. The coefficients for the variables are 
significant at a 5 percent probability, showing R² above 0.53. The variables cattle price and 
PRONAF are significant but their R2 are low. 
 
Confirming the results of the principal components analysis, the simple equation estimates for 
land prices, cattle prices and rural credit were not compatible with the formulated hypothesis. 
For these variables, the estimated coefficients were not significant, and/or show negative 
correlation coefficients. It seems that land prices, cattle prices and rural credit were not 
representative for explaining deforestation. Thus, land and cattle prices and rural credit do not 
seem to be responsible for the biggest expansion changes in forest cover removal. The results 
for simple regressions are shown in Table 5.  
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TABLE 5 - RESULTS FOR SIMPLE REGRESSIONS 
 
VARIABLES β0 β1 F R2 Sxy 
Roads -1.3859ns 1.5199* 56.69 0.7456 0.3313 
Population -10.2151* 3.3482* 147.31 0.8851 0.2227 
Total roundwood 
production -20.6285* 5.6322* 111.57 0.8534 0.2515 
Timber industry -9.0664* 3.2011* 31.09 0.6130 0.4087 
GDP 0.9920ns 1.0583* 22.51 0.5311 0.4498 
Land prices 8.5117* -0.4918ns 2.54 0.0753 0.6317 
Land price for crops 8.2862* -0.4349ns 1.96 0.0481 0.6409 
Land price for pasture 8.7637* -0.5581ns 3.4 0.1124 0.6189 
Cattle price 7.0909* -0.2669* 6.42 0.2222 0.5794 
Rural credit 7.0447* -0.2105ns 2.04 0.0521 0.6396 
Energy  0.8598* 0.8439* 665.66 0.9722 0.1095 
Cattle-herd -0.7156ns 1.3392* 61.59 0.7613 0.3209 
GPI 5.3014* 0.0567* 53.91 0.7358 0.3376 
PRONAF1 -1.0709ns 1.0836* 19.11 0.4765 0.7655 
 Note: Sxy = residual standard error; * = significant at 5%; ns = not significant at 5%; 1 = evaluated from 1996 

to 99, per each Legal Amazonian State. 
 
 
5.5 Elasticities 
 
The elasticity estimations of deforestation area in relation to each explanatory variable are each 
variable’s own simple regression coefficient, once the model is in a log-log form. The 
elasticities for deforestation in relation to each variable are shown in Table 6.  
 
TABLE 6 – ELASTICITIES OF DEFORESTATION FOR EACH EXPLANATORY 

VARIABLE    
 

 

Note: ns = not significant at 5%; * = evaluated from 

VARIABLES PERIOD ELASTICITIES 

Roads 1980-99 1.5199 
Population 1980-99 3.3482 
Total roundwood production 1980-99 5.6322 
Timber industry 1980-99 3.2011 
GDP 1980-99 1.0583 
Land price 1980-99 -0.4918ns 
Crop land price 1980-99 -0.4349ns 
Pasture land price 1980-99 -0.5581ns 
Cattle price 1980-99 -0.2669 
Rural credit 1980-99 -0.2105ns 
Energy  1980-99 0.8439 
Cattle-herd 1980-99 1.3392 
GPI 1980-99 0.0567 

PRONAF* 1996-99 1.0836 
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1996 to 99, per each Legal Amazonia State. 
 

The impact caused by roads, population, total roundwood production, the timber industry and 
cattle-herd is elastic; immediate priority is recommended over these factors in the elaboration 
of policies in order to deal with Amazonian deforestation.  
 
The elasticity of deforestation in relation to timber industry is estimated at 3.20 in the short run. 
This indicates that a rise of 10 percent in Amazonian timber logging could contribute with a 
rise of 32 percent in deforestation “ceteris paribus”. The results tend to confirm that the main 
source of timber supply in the region comes from deforestation. 
 
The relationship of energy and wood price with deforestation is inelastic. The order of effects 
over these variables is that a percentual change in energy and wood price would cause a less 
than proportional change in deforestation.  
 
The impact of GDP and PRONAF over deforestation is unitary. It means that a proportional 
rise in deforestation would be similar to GDP or PRONAF’s rise.  
 
The equation results indicate that there should be serious concern regarding the reduction of the 
effects of roads, population, total roundwood production, cattle-head and the timber industry 
over deforestation. Zoning the forest space through roads with the implementation of 
conservation and managed public forests, establishing mechanisms of financing and lowering 
costs and investments to stimulate sustainable logging, and creating mechanisms that overprice 
and restrict deforestation are some of the public policies that need to be implemented.   
 
Surely, due to the perspectives of growth of the Brazilian economy, the demand for timber 
tends to grow with an expressive impact over the deforested area, given the magnitude of the 
elasticities.  
 
The production of native industrial timber in the Amazon not only (i) responds to the increase 
in demand for this type of raw-material, due to the rapid growth of the region’s economy in the 
last 20 years (data on the Amazon’s GDP show a faster growth than the country’s GDP), but 
also (ii) responds in a greater extent to the demand for native industrial timber from the rest of 
the country (“centre-south”) – structural timber, sawnwood, veneers, plywood – a demand that 
expanded considerably. Note that this demand from the “centre-south” used to have important 
sources of supply that were earlier constituted by native timber proceeding from the “Mata 
Atlântica” forests (it also counted, but in much lesser degree, on some availability of timber 
from planted forests in the south and southeast of the country - see in this respect CARVALHO 
(1999), SCHOLZ (1998) and LELE et al. (1998). 
 
Another source of growth in the timber industry in the Amazon has been international trade 
(resulting from the increase in foreign demand for tropical hardwoods, combined with a 
relative decline in traditional sources of supply from countries like Indonesia, Malaysia and 
others – a decline that had been anticipated in various forecast studies of the international 
market for tropical timber). Although Brazil (and the Amazon) currently still supplies only 4 to 
5 percent of the global market for tropical hardwood (20 years ago this share was 2 to 3 percent 
at most), exports increased significantly since the mid-1980s, having grown from US$ 100 
million in 1985 to more than US$ 500 million in 1997. 
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Hence, timber trade is positively associated with deforestation as demonstrated in our model.   
Also, growth of the timber industry is dependent on the availability of logs from conversion of 
forest lands to alternative use. 
As a matter of fact, as we have already mentioned, in the past high deforestation rates were not 
associated with a strong and dynamic presence and activity of the timber industry in the 
Amazon region. We have already seen extremely high deforestation rates in the past, at the 
same time that we had an incipient timber industry installed in the region, which absorbed a 
minuscule quantity of wood raw material, a very small share of the enormous volume of 
commercial wood that resulted from the vast areas that were converted to agricultural use. 
 
One should not despise totally the idea that deforestation may not, by itself, exert some 
influence on the growth of the timber industry in the Amazon. This, to a certain extent, may 
happen, but more through the abundance of wood forest resource, and the large supply and 
availability of the resource that results from the conversion of forests to alternative uses of 
land, and which ends up by influencing the low levels of raw-material prices for the timber 
industry that settles and operates in the region.  
 
Today, however, as we have said, and as the quantitative results of our approach show, the 
influence of timber industry activity as a propelling force of deforestation is, indeed, 
significant, and shall be more in the future (inasmuch for the growth of the Brazilian and 
Amazonian economies as for the forecasts that the country would be “poised” to increase its 
share in the global market of tropical forest products, while Indonesia and Malaysia exhaust 
their resources). 
 
It is important that this be highlighted, because it is an evident result from our quantitative 
model: the conclusion that the Amazonian “boom and bust” timber industry (through the proxy 
of industrial roundwood timber production) exerts a significant contribution to deforestation in 
that region. Besides, as per our quantitative results, this relative contribution taken in isolation 
would be greater than (i) the effect of the growth of roads and road networks, (ii) the effect of 
the expansion of cattle herds, and (iii) the effect of economic growth on deforestation. 
 
As LELE et al. (1998) assert, “there are three major pressures on the forests of Brazil: logging, 
agricultural expansion and development (particularly roads). But the causes of deforestation are 
highly intertwined, and it is difficult to distinguish their relative impacts. Moreover the impacts 
vary geographically. To fully understand forest cover changes, it is necessary to look at both 
sides of the forest margin. While forests are cleared as a result of agricultural frontier 
expansion and land-extensive agricultural activities, unsustainable logging practices within the 
forests also contribute to net forest loss. Bridging and facilitating the two processes are roads, 
from major highways to small, unimproved logging roads, which open the forest to 
development and settlement”. Yet, although they have said that the causes of deforestation are 
highly interconnected, and that it is difficult to distinguish their relative impacts, the authors 
maintain that “the direct contribution of logging to deforestation is significantly less than the 
effect of agriculture and cattle raising, but the indirect contribution of logging is large. Roads 
opened for logging stimulate colonization, which in turn brings agriculture and subsequent 
deforestation to the area. Furthermore, farmers who sell extraction rights to the logging 
industry turn this money around into investment in agriculture, typically extending the 
agriculture frontier rather than intensifying existing agriculture (ARIMA et al., 1998). 
Logging, therefore, is a critical link in the network of pressures to deforest. Logging is 
becoming much more intensive and less selective than it was 20 years ago” (op. cit. page 11 – 
our underscoring). 
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There seem to be more divergences than similarities between these descriptive evaluations 
made by the authors of the mentioned document and the findings of our quantitative approach. 
First, although our model attempts, in fact, to isolate the relative impacts of the “three entities 
of the Trinity” (timber exploitation, cattle ranching expansion, and development/roads) that 
mostly pressure deforestation in the Amazon, this does not reject “the force of the Trinity”, that 
is, it really does not invalidate the idea that these “causes” of deforestation be interrelated, and 
that the three variables complement and reinforce themselves. But it stresses, through the 
numerical expressions, that the relative impact of the first “entity” (timber exploitation) is, 
indeed, significant and may be greater than the impact of each of the other two “entities” 
separately. Yet, even with the numerical separation, the feeling remains that it is the combined 
effect of the three that matters most.  
 
Second, in the quantitative expression estimated in our model for the influence on deforestation 
of the “industrial timber exploitation” variable, both the direct and indirect contributions of the 
activity, as described by the quoted authors, would already be implied/included in our 
numerical expression. It makes sense that it be so, since our proxy, roundwood industrial 
timber, includes both timber that is obtained from deforestation (under way, or future) in the 
agricultural frontier, as well as timber that is obtained from more remote areas, where the 
agriculture and cattle ranching frontier has not yet arrived, but may soon arrive. 
 
Finally, there is an aspect in our formulation and interpretation that, in our view at least, results 
more clearly than in the descriptive evaluations of the referred authors. We mean the 
verification that the timber industry (and, therefore, the demand for native industrial timber) 
already exerts, and will continue to exert, a very significant influence (possibly greater, or at 
least as great as agriculture and cattle ranching) as a propelling force of deforestation. 
Compounding this influence, we have underscored the continuous demand stimulus that will be 
forcing deforestation, be it through the increasing domestic consumption of native timber by 
the urban industrial sector or through the increasing share of Brazil in the international market 
for tropical wood. 
 
Not that the referred authors do not recognize, altogether, the existence of this continuing and 
strong demand stimulus. They do. They even recall what was behind the 1991 Forest Policy of 
the World Bank (still in force, it must be recorded) that identified small cultivators and rural 
producers as the most important source of deforestation in the Amazon: “this was based on an 
assumption that much of the urban industrial demand for wood products would be met by 
imports from temperate countries1. Unlike the Bank’s 1978 Forest Policy, this assumption 
underestimated the power of domestic urban and manufacturing demand for wood products and 
its implications for forest policy. Most of Brazil’s domestic needs for wood products have been 
filled from its own forests” (op. cit. page 9 – our underscoring). 
 
The authors believe, however, that the “driving force” of deforestation rests with agriculture in 
association with the opening of roads, availability of transportation infrastructure and the 
on-going settlement process, and that timber exploitation is not a main driving force. 
 
So, in the section on “Potential impacts of policy reforms” (op. cit. page X) the authors state 
that one of the two lines of interpretation of the document on implications for policy concludes 
                                                 
1It is astonishing that this assumption has guided or based the 1991 World Bank Forest Policy. It is an assumption 

that is, empirically speaking, in all of the economic history of Brazil, just the opposite of what has always 
happened. Brazil has never been an “ importer of wood”. On the contrary, the country has always supplied its 
consumption with domestic production of wood, and it has always been an “exporter of wood”. Indeed, the 
exhaustion of Mata Atlântica owes a lot to that!   
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that “reform in forest policies would marginally slow deforestation – but not stop it altogether. 
Indeed, returns to managed forests (for which there are currently no viable operational models 
of which the 1991 Forest Policy itself contained three widely different definitions, with no 
clarity as to which one of those was to be applied in Bank operations) do not compare with the 
prevailing interest rates or with the opportunity costs of alternative land uses. Returns to 
agriculture in Western Amazon are so powerful that land conversion is likely to continue even 
if forest policies are modified to improve the profitability and sustainability of forest 
management” (our underscoring). 
 
The second line of interpretation – which is complementary to the first one, in the opinion of 
the authors – represents a suggestion of the study’s Brazilian team. The Brazilians propose a 
far more proactive forestry policy in the Amazon, including a more “hands-on” role for the 
World Bank, and recommend “that the Bank become involved in developing financial 
incentives to conserve forests; work with the government of Brazil to promote forest 
conservation through sustainable management and use of forest products; work with the 
government to legalize existing land tenure regimes (a recommendation others say may not 
necessarily lead to a slowing down of deforestation); and support research and extension in 
managed forests; ... that the Bank reconsider the logging ban component of the 1991 Forest 
Policy, since it appears to have prevented the Bank, GEF and IFC from getting involved in the 
Brazilian forests. They argue that the ‘cautious’ approach charted by the 1991 Forest Policy 
has ‘inhibited’ the Bank from promoting conservation of Brazil’s forests, for example, by not 
supporting experiments in improved forest management. Bank staff, however, say that the lack 
of Bank involvement in the tropical moist forests of Brazil has primarily resulted from a lack of 
government demand for such involvement” (op. cit. page X - our underscoring). 
 
If it were for lack of that, fortunately now the Brazilian government has made a demand to the 
Bank asking for support and finance for the country’s National forest programme – NFP. One 
must wait to see the Bank’s reply. The Brazilian NFP will be addressed later. 
 
Notwithstanding the World Bank “cautious approach”, the referred authors propose as a way 
out or solution that “the potentially synergistic relationship between plantation forests and 
natural forests be explored, as a majority of Brazil’s wood consumption is domestic and a large 
portion is used in the urban manufacturing sector, creating a continued demand stimulus”, and 
... “increased investment in plantations in the southern part of Brazil would provide an 
important supply substitute for wood from natural forests” (op. cit. page IX). 
 
Without doubt, the impression that remains is that the authors of the mentioned document do 
not want the World Bank to be involved with measures of forest policy that reduce/attenuate 
the influence of timber exploitation on deforestation (they consider them as having only 
marginal effect) and to be committed with policies directed to the sustainable management of 
native forests in Amazonia. 
 
Our approach, on the contrary, intends just that: reduction of the influence of that “boom and 
bust” timber exploitation on deforestation, and its replacement by sustainable forest 
management in the Amazon. We shall deal with this in section 6 below. 
 
6. POLICY CHANGES TOWARDS SUSTAINABLE FOREST MANAGEMENT 

 
In the Brazilian Amazon, as in other regions of the world, deforestation is not being halted. As 
the agricultural frontier expands, forest areas diminish and the Amazon economy grows. The 
loss of forest areas due to conversion to alternative uses of land is a crucial mark of the 
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development model established for that region, a model which, in its turn, is part of a wider and 
more complex process, that of Brazilian socio-economic development. 
 
Due to the complexity and magnitude of the deforestation process under way in Amazonia, the 
quantification approach, employed in the present work, to estimate directions and valence of 
this process, as well as magnitudes of the effects or impacts of conditions and factors 
influencing the process, is undoubtedly limited. 
 
Firstly, one tries to reduce or translate the process, quantitatively, to only one of its 
“manifestation” forms, viz. annual deforestation areas2. 
 
Secondly, although one tries to relate this “reflexion” or “manifestation” form of the process to 
what tend to be the main factors or variables, as singled out by different authors and experts as 
significant in explaining or influencing the process, there still are other causes or conditions not 
inserted in the quantitative model employed, that may have as much, or more, importance than 
those that have been chosen here. 
 
Notwithstanding these limitations – that are as much inherent to other quantitative approaches 
or methods of analysis and evaluation – the model here employed, and its results, serve to 
corroborate various arguments and hypotheses that have been formulated for helping our 
understanding of deforestation and its causes, and for proposing public policies and 
intervention measures aimed at reverting the process, reducing its causes, or making it more 
suitable to a sustainable development path for the Amazon. 
 
Just as an example, of the several results and findings already underscored and mentioned in 
the previous sections of the text, one might repeat the cattle raising case: the quantitative data 
of the analysis seem to demonstrate that cattle breeding, as it has been carried out in Amazonia, 
heavily based on the expansion of cattle herds, exerts a significant influence on deforestation 
growth, even more important than the profitability of the activity itself (which one tried to 
measure through the “proxy” of time series variation of cattle prices). This may serve to 
indicate that the adoption of policy measures that lead to, or stimulate, the use of production 
technologies or practices that allow an intensification of cattle breeding activity in Amazonia 
would be recommendable if one intends to reduce deforestation rates in the region. 
 
Among all, however, one intends to underscore and emphasize, in this section, those results 
and findings of the analysis, that not only for their quantitative expression (because of the high 
correlation indexes, high principal component parameter values, high elasticity coefficients), 
but much more for their nature or identity, must be singled out for their more direct 
implications to existing, or under discussion, forest policies in Brazil. 
 
These are, exactly, the results and findings related to total roundwood production and timber 
industry logging activities, whose effects on deforestation have been measured, in the adopted 
model, through the variables “total roundwood production for different end-uses” and 
“production of logs for installed capacity of sawnwood and veneer production”. 

                                                 
2 Undoubtedly, what is demanded by all about current deforestation in the Amazon is not merely the fact that 

forests do not, or could not, in any way be replaced by other activities, since some occupation, some 
development has to exist in the region. It is that the process has been damaging to the environment, involving 
losses that could be avoided. So, it does matter to find out how forests, their conservation and their sustainable 
use, can contribute to the development of the region, in the same way that agriculture, cattle raising, or other 
activities can contribute also, in a way that their benefits be greater than those of not converting forests to such 
uses. 
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The quantitative results have shown that these two variables are highly significant in 
explaining or influencing deforestation rates. Given the explanations, and the highlighted 
limitations, to make the definitions of these variables more precise, as well as to provide a 
better understanding of how well they reflect or represent the activities (total roundwood 
production and timber industry logging), in spite of the higher numerical indices for “total 
roundwood production”, it became clear that the effects or contributions to deforestation 
relative to “timber industry logging” were more relevant, more meaningful and significant. 
 
Another outstanding fact is that the propelling effect that the timber industry exerts on 
deforestation becomes more serious given an almost total inexpressiveness (unfeasibility) of 
alternative, sustainable and permanent, supply sources of timber, instead of deforestation.3  
As presented above (item 3.3.6.), the results of a function of “total supply of logs for the 
industry”, relating to (i) total production of industrial timber (for sawnwood and veneer), (ii) 
wholesale timber prices (measured by the wholesale aggregate index), (iii) deforestation areas, 
and (iv) areas of sustainable forest management projects/plans, demonstrate that variable (iv), 
managed forests, is not statistically significant in explaining the supply of industrial timber in 
the region. This reinforces the hypothesis that the production of industrial timber in Amazonia 
is highly dependent on deforestation. In the prevailing conditions, such as prices for timber, 
and others, the supply of industrial timber in Amazonia is not yet affected by sustainable forest 
management projects or initiatives. 
 
These findings are crucial, in terms of their implications, for the discussion and proposition of 
forest and non-forest policies, especially for propitiating an increase in sustainable forest 
management in Amazonia. 

Given that the timber industry today exerts a direct significant pressure on deforestation in 
Amazonia, through its demand for native industrial timber, which in its almost totality is 
supplied by timber from deforestation, and that the production of timber from sustainable 
sources (sustainable forest management plans) does not yet play any relevant influence in 
supplying demand, some questions come to mind: 

Within this framework, is there a role for sustainable forest management in Amazonia? How to 
create conditions to make sustainable management timber feasible and allow its competition 
with timber from deforestation, that is, how to guarantee a market for timber from sustainably 
managed forests? 
 
At the same time, how to weaken the association of the timber industry of the Amazon with 
deforestation? How to reduce the magnitude of the multiplier or linkage effect that the timber 
industry exerts on deforestation, mainly while expectations are that this deforestation – for the 
many forces that also maintain, induce or stimulate it – will not slow down very substantially 
and quickly in the Amazon? 
 

                                                 
3 Industrial timber from deforestation is defined as all wood that is exploited and that does not originate from 

sustainable forest management plans, approved and considered “apt” by IBAMA. Thus, logs for industrial use, 
legally or illegally obtained, with or without documentation, and originating from (a) clear-cutting/selective 
harvesting/partial cleaning of forest areas in process of conversion to crops, pastures or other purposes, such as 
hydro-power dams; (b) opening of roads, or secondary alleys that will facilitate future land invasions or 
settlements; (c) selective harvesting practised in varzea forests by riverains; (d) invasion and illegal cutting 
(theft) of timber in conservation units and indigenous reserves, are all considered as timber from deforestation, 
or associated, to a greater or lesser degree, to the deforestation process under way in the Amazon.  
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And last, is sustainable forest management an activity that will be able to compete with other 
alternative land use activities in Amazonia? 
 
The changes that have been introduced in the current situation in the Amazon because of the 
trend in timber exploitation activities becoming a sizeable factor in regional and national 
development has propitiated a series of governmental policy measures with positive 
repercussions that point to possible changes in the disordered and predatory pattern of the 
process of forest resource exploitation in the region. In the following sections we shall cover 
these measures in review. 
 
6.1 Main policies that influence access to forest resources in Amazonia 
 
Various important policy measures have been taken by the government since the end of the 
1980s – the period that immediately preceded the United Nations Conference on Environment 
and Development – UNCED-92 – and consolidated in the so-called “Our nature programme” 
(1988/89), considered as a key change in the position of the country in dealing with 
environmental issues related to the development of the Brazilian Amazon. 
  
Among the main measures that were adopted the following may be recalled: the suspension of 
the fiscal incentives of the Investment Fund for the Amazon (FINAM) for agriculture and cattle 
breeding projects in areas of primary tropical forest; the elimination of subsidies to rural 
agricultural credit; the extinction of public investment and infrastructure programmes in 
Amazonia, such as Polamazonia, PIN/Proterra and others; the end of the unified minimum 
support prices for agriculture; the creation of the Brazilian Institute for the Environment and 
Renewable Natural Resources (IBAMA); the creation of various “extractivist reserves” and 
national forests in Amazonia; the obligation to register in public notaries the Legal Forest 
Reserves of rural properties; the obligation to reconstitute Legal Forest Reserves; the creation 
of the “Operação Amazonia” programme, a wide set of actions concerned with monitoring, 
control and inspection of environmental impact activities in the Amazon, such as deforestation, 
mining, “placer mining”, timber exploitation and others (vigilance of frontiers, etc.). 
 
6.1.1 Regulation and enforcement through mechanisms of command and control 

 
According with CARVALHO (1999), since 1994/95, what distinguishes the new approaches of 
the government to the problem of deforestation in Amazonia, through a revision of existing 
policies and intervention measures, together with the definition of new ones, is the assumption 
that the mechanisms of command and control, traditionally deployed by government to deal 
with predatory exploitation of forest resources in the Amazon (although absolutely necessary 
and in need of continuous improvement and modernization to become more effective) are not 
sufficient to establish a more consistent policy to promote the sustainable use of the natural and 
forestry wealth of Amazonia. 
  
As argued by PRADO (1997), the progress reached in discussions about the “global” forestry 
issue, that led to the creation of the Intergovernmental Panel on Forests (IPF/UN-1994), where 
Brazil had a leading role, not only contributed to putting in order the international debate on 
forests and defining the elements of a sufficiently broad agenda on the conservation and 
sustainable use of forests, but also reinforced the Brazilian Government’s comprehension of 
the need to proceed to a wider reform of optimization and harmonization both of forestry and 
non-forestry policies, capable of promoting the sustainable development of forests in the 
Amazon and of slowing down the rate of deforestation growth in the region. 
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The fact that diverse forces and policies exert significant influences on deforestation may prove 
that, in the absence of other measures, a more rigid and consistent enforcement of existing 
forestry legislation alone, whether implemented through a modern and effective apparatus of 
monitoring, control, inspection and policing, would not be sufficient to revert the pressure that 
predatory timber exploitation and other activities have on deforestation. 
  
Furthermore, even if all deforestation actions were to be authorized, that is, respecting legal 
forest reserve areas, permanent preservation areas, minimizing environmental impacts, etc., all 
timber supply, although legal and documented, would have originated from forest land 
conversion, and therefore would still be a transitory and non-permanent (sustainable) source of 
wood for the timber industry. 
 
The application and operation of such a command and control group of instruments would not 
be sufficient to hold the continuity of deforestation, given the other forces that stimulate it. It is 
very likely that the specific force of timber exploitation itself on inducing/influencing 
deforestation would go on practically unshaken (although, one might have eliminated the 
perverse effects of illegality on deforestation and logging, and possibly one would have 
achieved an increase in the costs of getting that predatory timber from deforestation4). 
 
In the hypothesis that there would be only legal forest reserve areas left in all of the rural 
properties of Amazonia and therefore it would not be possible to convert a single additional 
hectare of forest to alternative land use and assuming all prevailing rules of the Brazilian forest 
legislation are strictly enforced, would a situation of economic scarcity have been reached such 
that timber could command a high price/value that would induce the timber industry to change 
its “boom and bust” nature as we have described in section 3.3.6? Hard to believe. 
  
In the imaginary situation, only legal forest reserves would remain to be exploited under 
sustainable forest management, and keeping that effective control apparatus there would be no 
other legal alternative than forest management for the timber industry in the Amazon5. As it 
                                                 
4 It is possible that the transaction costs involved with the enforcement (costs of coordination, of acquiring information, 

monitoring, verification systems, inspections, etc.) would also increase, evenly or more, the costs of getting timber from 
sustainably managed forests. 

5 Or there could be from planted forest areas (“as the authors of the referred document of the World Bank suggest”), that 
should have been planted with adequate anticipation, out of the legal forest reserve areas, since legislation does not allow 
(since 1981) that native legal reserve forests be converted, even if for the establishment of planted forests (in fact, this was a 
conquest of environmentalists). These forest plantations would, therefore, be competing (they would need to have 
profitability conditions) directly in the dispute for the same units of area (out of legal reserves) with agriculture and cattle 
raising activities. 
This in an interesting point. In the Brazilian forest legislation there is the obligation to replace timber that is consumed, 
originated from deforestation, by the timber industry. Supposedly in the existence of an effective command and control 
apparatus, this forest replacement would have to be occurring as long as there would be deforestation. In this hypothesis, 
therefore, there should  be enough forest plantations, established outside legal forest reserve areas, that should be sources for 
the supply of the timber industry, which could be substituted, or complemented, by areas of sustainable native forest 
management (in legal forest reserves, or outside them). 
In order that this forest replacement command and control instrument be enough, both the areas of forest replacement 
plantations and the areas of sustainable management in native forests, that should supply the industry, would have to 
command values or prices for timber that allowed its competition, at the prevailing prices and returns, with the other 
agricultural or cattle raising activities, per unit of area used. In sum, this control apparatus would have to be suffciently 
capable, on its own, of balancing rates of return of the different activities (in this hypothesis, perhaps there would be no need 
for the obligation of legal forest reserves). 
It is interesting to remember that, in Brazil (and when the Brazilian forest code was passed in 1965) one had foreseen, and 
instituted, a programme of fiscal incentives for reforestation that allowed that extensive areas be planted with forests in the 
whole country, that today supplies branches of the forest-based industry, while at the same time the forest replacement 
obligation was required. The fiscal incentives for reforestation were extinct in 1988. The authors of the mentioned document 
of the World Bank (op. cit. page 36) recognize that financing small-scale forest plantations may not be feasible without a 
subsidy. In the “US Conservation Reserve Programme” started in the 1980s, support to plantations involved a one-time 50 
percent cost share and subsequent annual payments for a 10-year period. They also mention that large-scale reforestation can 
be extremely expensive. 
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seems, also, there would be no further exits (or areas) for the other forces (the other activities 
of rural property use) that induce deforestation in the Amazon. Or, would there be pressure 
from the timber industry activity (or from other activities in the region) to exploit in an 
unsustainable way the legal forest reserves, or to convert more of these legal reserves for 
alternative land use? 
 
It is difficult to believe that only with a “faithful” enforcement of forest legislation and of its 
rules and norms of control, and with the non-existence of other more efficient measures aimed 
at increasing the value of the standing forests, increasing the cost of predatory timber 
associated with deforestation, and increasing the incentives and profitability of sustainable 
forest management, one may transform forestry (wood and non-wood) into a permanent and 
viable activity, economically attractive for the timber industry and especially dissociated from 
deforestation in the Amazon. 
  
The Brazilian forestry sector is extensively regulated along all of the production and 
commercialization chain. The basic laws on which these regulations are founded are the Forest 
Code (Law 4771/ 65 and its subsequent alterations), the law of Environmental Crimes (Law 
9605/ 98) and the Law of the National Policy for the Environment (Law 6938/ 81). The 
measures that regulate access to forest resources in Brazil are characterized by their command 
and control coercitive nature, and therefore remain in direct conflict with economic incentives 
that drive the private sector, which makes their implementation and enforcement difficult. 
 
Basically, the regulations that guide the exploitation of natural forests fall under the following 
areas: (i) environmental impact assessments; (ii) deforestation and burning authorizations; (iii) 
cutting restrictions specific to rural properties; (iv) cutting restrictions specific to species, 
regions, ecosystems; (v) technical obligations and requirements of sustainable forest 
management; (vi) conditions/obligations of forest replacement; (vii) conduct restrictions and 
requirement of licences for the transportation and commercialization of forest products, with 
specific documentation for different  forest products; (viii) restrictions to maintain legal forest 
reserves and permanent preservation areas in rural properties. 
 
In the last years, the enforcement of these laws and regulations has improved considerably, and 
more modern control, monitoring and inspection instruments have been instituted to supervise, 
monitor and police deforestation activities and timber exploitation in the natural forests of 
Amazonia. Various programmes, like PRODES – Monitoring of Deforestation in Amazonia of 
INPE (Spatial Research National Institute); PPG-7 – Pilot Programme for the Conservation of 
Tropical Forests of Brazil; PREVFOGO – Programme for the Prevention and Combat of Forest 
Fires and Burnings; PROARCO – Inspection and Police Control in the region of the 
“Deforestation Arch” in the Amazon, and others, have been allocating substantial financial and 
human resources for the structure, capacity building, training and purchase of modern 
equipment, with the aim of improving the effectiveness of control and inspection actions, both 
of state environmental agencies and federal agencies, forcing a better integration and 
partnership among these institutions, and trying to avoid overlapping of competence and to 
overcome the institutional fragility of these agencies. 
 
The area of monitoring, control and inspection has received, since “Our Nature Programme”, 
the biggest proceeds of federal budget resources, and of international funds, destined to both 
the federal environmental agency – IBAMA – and the state environmental agencies. Recently 
the Federal Government succeeded in approving Law 10.165/00 that created the 
“Environmental Control and Inspection Tax”, a specific levy to be paid by all potentially 
pollutant or natural resource user agents or activities, and whose proceeds must reinforce the 
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funding of actions and investments of IBAMA towards licensing, inspections, control and 
policing of those activities. 
 
Worth noting in this area of monitoring and control, is the recent start of implementation of a 
comprehensive and integrated computerized system for controlling forest activities and forest 
products in all of Amazonia. The result of many years’ intensive work in IBAMA, SISPROF 
(as the computerized system is known) is integrated into other systems of IBAMA (such as the 
GIS of the Remote Sensing Centre, the general register of activities and companies, the 
prevention and control system of fires and burnings), as well as being compatible with control 
systems of deforestation authorizations that have been developed and deployed by some 
environmental state agencies (as in the case of the State of Mato Grosso in Amazonia). 
 
Although there has been noticeable progress in the enforcement of legislation and its 
regulations, with a more effective application of the instruments of monitoring and control, 
including more integration and sharing of competence among federal and state government 
institutions in Amazonia, there are still obstacles and deficiencies that must be overcome. 
 
As we have said, the regulation and instruments that have been used, of a command and control 
nature, frequently come into direct conflict with the economic incentives that drive the private 
sector (both rural producers as well as timber industry and logging activities in the Amazon) 
which makes enforcing these apparatuses a difficult task. The ineffectiveness in the use of 
these instruments has contributed not only to a relative freedom of timber exploitation 
associated with deforestation and disincentive to practices of sustainable forest management, 
but also ends up working as an (inefficient) implicit tax on forest activity. 
 
A major issue related to the application and use of the extensive array of command and control 
instruments devoted to regulation of forest exploitation in the Amazon (be it transitory timber 
exploitation associated with deforestation, or natural forest exploitation done with sustainable 
forest management) is not so much a question of ineffectiveness of its enforcement (the results 
of which are frustrated either by the lack of severity of implementation or by difficulties linked 
to contrary local political interests, or by insufficiency of financial, institutional, material 
resources, or because of the continental dimensions of the region, etc, etc.), but much more a 
question of incapacity of the whole set of these mechanisms in face of more efficient forest 
policies that are still lacking. 
 
Authors like SCHNEIDER (1994), PRADO (1997), FERRAZ and SEROA DA MOTTA 
(1998) and SCHNEIDER et al. (2000) all refer to this problem. 
 
The main issue is that the current control and regulation scheme is not adequate or effective to 
capture the economic rent (scarcity rent or Hotelling’s)6 of forest resources of Amazonia, be it 
by government or owners of forest resources. 
 
As FERRAZ and SEROA DA MOTTA (1998) point out, in the land occupation and 
agricultural frontier expansion process in Amazonia, where property rights are not ex ante 
defined in the frontier, there are some mechanisms in the Brazilian agrarian legislation that 
define how to get property rights on deforested land. The colonization policies for the region, 
for many years, have motivated migration and occupation of new lands in the Amazon, where 
                                                 
6 As explained by SEROA DA MOTTA & FERRAZ (1998), as forest exploitation in the Amazon (strongly associated with 

deforestation) exhausts, or tends to exhaust, forests (an unsustainable pattern), these resources may be seen as equivalent to 
non-renewable resources; according to economic literature, natural resources differ from other types of private goods and do 
not dissipate “producer’s surplus”; in a situation in which economic agents do not take into account the future scarcity of the 
resources, the “scarcity rents” of the resources are taken to zero in the extreme case of a totally free access to them. 



 

  37 

 

economic agents moved to the frontier, converted forests, sold (or burnt) the timber, initiated 
an agricultural or cattle raising activity, and then waited for the land title (possession or 
property); or later would sell the possession, and restart the process in another area. So, ex post, 
property rights would be defined, and a possible series of benefits would be ensured to the 
agent in the future. 
 
According to these authors, such a traditional form of occupying lands and of performing forest 
exploitation in association with deforestation, as prevails in Amazonia, may be identified as a 
typical model of free access, in which the scarcity of the forest itself is not perceived and, after 
a time, ends up by exhausting forest resources. 
 
The Brazilian Forest Code establishes the main principles for the exploitation of forests and of 
forest resources (public and private), and how these resources can be suppressed, or deforested 
for alternative land use in private properties. 
 
According to this legislation, and its complementary regulation rules, there are no impediments 
or obstacles to the ex post definition and realization of property rights in the frontier as we 
described. 
 
So, although the Forest Code, and all its pertinent legislation, establishes a series of restrictions 
to the forestry use of rural properties (that legal forest reserves must be maintained in each 
property is a major commandment), the right to deforest a part of the estate is ensured to each 
owner or holder, and therefore the right to exploit/cut the forests and trees of that area, without 
much further restriction or additional costs (or burdens). 
 
Therefore, having respected the legal forest reserves and other quantitative mandatory 
dispositions, access to the exploitation of forest resources is free to every rural producer, owner 
or holder of the private rural property. There is no essential prohibition or restriction that 
rations or limits, for example, the quantity of the resource that the holder may produce, or may 
have access to exploit, yearly or seasonally7. There is also no limitation related to the 
number/quantity of hectares to be annually deforested, or something that required a planned 
conversion of forest within agro-ecological or economic criteria that could ensure more 
benefits to the rural producer or to society8. 
 
In this traditional process of occupation and privatization of lands and of forest exploitation in 
the Amazon, access to forest resources is also free for those that exploit them (loggers, timber 
industry) without these agents necessarily being the owners of the resources. There is no 
                                                 
7 To be more precise the norms of IBAMA related to deforestation authorization try to establish, in a lower extreme, a 

maximum volume of commercial timber per hectare that may be authorized to the owner without a forest inventory, and in an 
upper extreme a maximum volume (that may be higher than that established for the lower extreme) that would be determined 
by a forest inventory. But, in the case of deforestation, a rule has never been established that imposed a global limitation on 
volume per production unit (as part of the composition of a global supply of wood) that limited the share of each agent in the 
supply of the market, or any rule that limited his capacity of affecting, via deforestation, the reduction of the total availability 
of the forest resource in the region, given the negative externality that he inflicts on another agent for eliminating part of the 
resource, or for reducing the potential income of the other agent. As Seroa and Ferraz point out, in a free-access regime like 
this, each agent acts on the assumption that it is not worth foregoing an extraction of the resource today in exchange for a 
bigger stock in the future, because the resource would be captured by another agent, given free access. This is aggravated in 
Amazonia, because a form of ensuring the possession of land (reducing the risks of losing it, or of being invaded) is to 
deforest it as soon as possible. In the land occupation process a holder knows that his neighbour will adopt such behaviour. 
The action of one agent forces the exhaustion of the resources to the other. 

8 One should note that today big deforestation (> 1000 ha) projects are required to present environmental impact assessment 
studies so that they can be authorized. Projects bigger than 200 ha are also required by IBAMA to present very detailed 
technical background and justification. 
There has also been progress in agro-ecological zoning in Amazonia. The states of Mato Grosso and Rondonia already use 
zoning to avoid conflicts between agricultural development and conservation of biodiversity. 
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limitation on entry, on access to forest resources originating from deforestation, in terms of the 
number of extraction agents or of timber companies that are intended to exploit or consume 
them in their production process (except for the obligation to register with IBAMA and, in the 
case of the timber industry, also the obligation of forest replacement). There is also no cost, or 
royalty payment, or stumpage fee charged to the exploiters, or to industry, for the suppression 
of this natural resource9. 
 
It is worth noting that the instruments of control and regulation of forest exploitation linked to 
deforestation in Amazonia (as well as in the rest of Brazil) are ineffective and as a result, 
market shares and the possibilities of competition for timber from sustainably managed natural 
forests are reduced. 
 
6.1.2 A positive agenda for forestry resources of Amazonia 
 
The conception and formulation of a “Positive Forestry Agenda” for the Brazilian Amazon 
started during the first mandate of Fernando Henrique Cardoso’s Government, inspired by the 
Ministry of the Environment, and had as its primary objective the establishment of the bases 
for a new model of access to the region’s forest resources that allowed their utilization in a 
lasting and sustainable way. 
 
After the country’s monetary and economic stabilization reform promoted by the 1994 “Plano 
Real”, and just after the disclosure of the results of the 1994/95 satellite monitoring of 
deforestation in Amazonia – which revealed the increase of deforestation rates in the region 
after a period (since 1990) in which rates had been falling – the government clearly recognizes 
the need to adopt a wider set of measures capable of leading the Amazon region to a 
sustainable path of occupation and development, and in particular capable of slowing down the 
pace of deforestation and reducing predatory exploitation of forest resources in the region. 
 
Since the “ideology of occupation and development at any cost for the Amazon” was no longer 
a mark of the action and thinking of the Federal Government for the region, the revival of 
economic growth in the country post–“Plano Real” after almost two decades of economic 
stagnation and repeated inflationary crises would require a more wide-ranging reformulation of 
various public policies whose negative effects on deforestation and on predatory use of forest 
resources in Amazonia could be propelled or reinforced by the restored economic growth of the 
country. 
 
The institution in 1995, within the Civil Cabinet of the Presidency of the Republic, of a 
“Natural Resource Chamber”, made a start in the discussions and revisions of forestry policies 
possible, in a sub-group of “Forest Resources” in that chamber, under the coordination of the 
Ministry of the Environment. It is there that the first ideas for a “Positive Forestry Agenda” for 
the Amazon (and for the whole country) originated, with the title aiming to give the message 
that it would be necessary to adopt a set of more pro-active and market-oriented measures in 
order to reverse the predatory exploitation of forests and promote its replacement by 
sustainable forest management in Amazonia. 
There was, then, a clear guideline that the sustainable development of forests was desirable and 
necessary for the region, and that policies and instruments that were more inducing and 
oriented by economic incentives needed to be adopted. 
 

                                                 
9 The so-called “Forest Replacement Tax” which, in the past, was optionally paid by consuming industries of timber or wood 

originating from deforestation was such that its value only included the unit costs of replanting that wood. It has never 
foreseen a value, or a cost, relative to the “economic rent” (or stumpage value) of the natural resource. 
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The main measures within this new framework that began to be established were the following: 
 
1) The institution of “Green Protocol”: launched in 1995, and complementary to the 

restriction of concession of official credits that still might be encouraging agriculture and 
cattle raising projects in converting forests, or that might allow that productive 
investments, in general, could be financed without a greater concern with environmental 
impacts, the “Green Protocol” represented the establishment of a clear policy of linking 
public credit lines to environmental standards, imposing on all financial institutions 
controlled by the government (notably Bank of Brazil, National Bank of Economic and 
Social Development, Bank of Amazonia and Bank of Northeast) a set of norms tuned to 
a strict observation of environmental and forestry legislation. 

2) Coinciding with a leading role of Brazil in the discussion of the creation of IPF/UM, the 
government participates actively, within the Amazon Cooperation Treaty, in the 
preparation and launching of a Regional Amazonian Process of criteria and indicators for 
the sustainable management of the Amazon Tropical Forest, known as the Tarapoto 
Process. 

3) The “green tax” initiative of the Government of the State of Paraná of 1995 and known 
as “ICMS Ecological” – which was then adopted by some other states – was assessed as 
a percentage (around 5 percent) of the state tax on the circulation of merchandise and 
distributed to municipalities in proportion to their forest area (the municipality with the 
larger area of forest cover receives the biggest share of the proceeds of the tax), and was 
designed as an incentive to maintain local forest cover and to compensate municipalities 
for the costs of conserving and protecting forests. 

4) The edition of a Provisional Measure in July 1996, that modifies the Brazilian Forest 
Code: the Federal Government issued a provisional measure proposing modifications in 
the Forest Code just after the disclosure of the 1994/95 Amazon deforestation data, 
provoking the opening of a wide and substantial debate among Brazilian society about 
the need to proceed to more substantial changes in the norms and rules that regulate the 
use and access to lands and forest resources in the Amazon (and of the rest of the 
country). 

 
Since then, this provisional measure, that will have to be approved by National Congress 
to become law, has been discussed within Parliament, in the National Council for the 
Environment, in different sections of Justice and of the Executive Power and in different 
fora of organized civil society. Along this process of discussion, various alterations and 
revisions of the initial text have been made, and the measure is currently in the final 
voting stage in Congress. 
 
Among the main changes that are proposed by the Provisional Measure the following are 
worth mentioning: 

 
(i) a strong limitation on the alternative use of land in rural properties that are covered 

by forests in Legal Amazonia (legal forest reserves in private rural properties in 
Amazonia increase from 50 to 80 percent of the total area of the property in the 
case of forest cover, and from 20 to 35 percent in the case of “cerrado” vegetation 
cover); 

(ii) the impossibility of conceding deforestation permits if the property already has 
deforested land which is underused, degraded or abandoned; 

(iii) the possibility of compensating deficits of minimum legal forest reserve in a 
property in exchange for another area in a reserve-surplus property (but only in the 
same water basin and in the same state); 
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(iv) the possibility that these compensations be made with “bonds/equities representing 
legal reserves”, and not only through unilateral or bilateral transactions of physical 
areas; 

(v) the possibility of constituting “non-obligatory forest reserves” such as “forest 
serfdoms” and others, that will be able to be negotiated in a “market for 
compensations” for forest protection. 

 
In order that these different “modalities of compensation” may occur, there is of course 
the need for each property to have a minimum area of obligatory legal forest reserve, and 
if it does not have the legal minimum it must be recomposed in a certain period of time 
determined by law. 
 
It is worth noting that these novelties introduced by the provisional measure may induce 
the development, through the market, of interesting economic incentives (including 
incentives for the payment of some of the environmental services of forests, in private 
properties, such as “carbon absorption” and others) for forest conservation. 

 
These important modifications of the Forest Code proposed by the Provisional Measure 
demonstrate the government’s understanding that mechanisms and stimuli that are well 
oriented with economic incentives, through the market, may have a fundamental role in 
better implementing policies for the conservation and sustainable use of the forests of the 
country. 
 
In the case of Amazonia, one should also remark that the increase in the minimum 
percentage of legal forest reserves per private property also indicates clearly that 
government intends that the main use of these properties be forestry, i.e. sustainable 
forest management, since each property shall have a minimum area, reserved for such an 
activity, of 80 percent of its total area. 
 
One must also stress that this political message of government, which indicates and 
reaffirms that the vocation of Amazonia is forestry, has provoked tension and reaction 
from rural agricultural producers in the region, who, because of an absence of other 
mechanisms or incentives that reinforce the conservation and sustainable use of forests, 
still do not have or see firmer perspectives that they will be able to gain with these new 
proposals (small rural producers and cultivators in the Amazon, whose properties are 
smaller than 150 ha, have managed to introduce an exception to the 80 percent legal 
reserve rule: they managed to maintain, in their case, the old percentage of 50 percent)10. 

 
5) Revision of the regulations on obligatory forest replacement: Normative Instruction No. 

001/ 96 of the Ministry of the Environment instituted a new modality of obligatory forest 
replacement, namely, that it could be fulfilled through the transfer of private natural 
forests to the public patrimony (either of IBAMA or of State Environmental Agencies) in 
exchange for “credits of forest replacement (an accounting unit for control of the 
replacement obligations of each consuming industry) to be conceded to the ex-owners of 
those private forest areas by the environmental agency, and whose amount would be 
calculated according to the value attributed to the area by that agency; with these credits 
the original  owners of the area could sell them to forest-based  industries at  prevailing 
market prices. 

                                                 
10   It is interesting to observe that in the debates of the provisional measure in Congress, representatives of the timber industry 

associations of Amazonia behave as allies of the representatives of the unions and agriculture and cattle raising associations 
in the postulation and request for changes in the provisional measure. 
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Since the institution of this optional way of accomplishing obligatory forest replacement, 
two national forests and one state forest have been created using this modality, in the 
State of Bahia and in the State of Minas Gerais, respectively. 

 6)  The passing of Law 9393 of December 1996: this was an important achievement by the 
government, which could establish a new system of “tax on the property of rural land – 
ITR”. The law corrected one of the main distortions in the policy of land property in 
Brazil that still prevailed: the high taxation of forest lands in rural properties. The 
previous system penalized the maintenance of areas with forest cover, at the same time 
that it encouraged the conversion of forests to deforestation by considering native forests 
as non-productive areas. 

 With the new law, all rural properties, (i) the permanent preservation areas, (ii) the legal 
forest reserve areas, and (iii) the areas of relevant ecological interest declared by the 
competent agency, are considered as non-taxable areas in the calculation of the tax. 

  
Out of these areas, in the part of the property subject to taxation (usable area) where tax 
rates are inversely progressive according to the productivity or degree of utilization of 
the usable area, it may still be possible that parts of the areas that are covered by natural 
forests, even if used with a forest management plan approved by the competent forest 
authority, suffer a higher taxation per unit area than that imposed on the other usable 
portions of the property that have been converted and are used (even with low degree of 
utilization) by crops, planted forests or pastures. This is so because, when the Law was 
approved, the “efficiency or land use productivity indexes” for crops, cattle raising and 
other agricultural or silvicultural activities, established on the basis of the 1991 
Agricultural Law, had not been modified according to existing legal dispositions at that 
time. 

  
One must realize that these “efficiency indexes” (which vary according to geographical 
regions) are currently being revised and discussed, as the law foresees, by an 
inter-ministerial commission that will forward proposals for their alteration by National 
Congress. 

  
Another interesting point that must be highlighted in relation to the new system of land 
taxation is that the competence for collecting the proceeds of the tax now belongs to the 
Secretariat of Federal Receipts – SRF, and no longer to the National Institute of 
Colonization and Agrarian Reform – INCRA. SRF is well known for its effectiveness in 
collecting all federal taxes. Another advantage of the new system is the integration and 
partnership among SRF, INCRA and IBAMA for joint actions and sharing of 
information, registration, control and inspection. 

 
In the last years, this new Law of ITR has certainly been one of the main political 
decisions adopted in Brazil, aiming at correcting distorted governmental policies that 
actively discouraged conservation and sustainable use of forest resources in the country 
and in Amazonia. Although the new Law corrects those biases it is still early to evaluate 
all of its effects in this sense, given the high degree of “informality” that still exists in 
title deeds of lands and properties in the country, especially in Amazonia. 

 
7)  In the area of agrarian reform policy the following measures have been adopted lately: 
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(i) the reduction of rural family settlements in INCRA projects in Amazonia (in all of 
INCRA projects a total of 52 percent of the national number of beneficiary 
families are in Amazonia; this proportion has been reduced over the years, to the 
point where in 2001 the regional target for family settlements corresponded to only 
27 percent of the national total); 

(ii) norms and regulations of INCRA already consider environmental sustainability 
indicators for settlements as parameters for evaluating their performance; 

(iii) the Ministry for Agrarian Development, in 1999, through Normative Instruction 
No. 88 prohibited settlements in areas of primary natural forests in the Amazon, 
Mata Atlântica, and Pantanal, with settlements capable of being authorized only in 
already altered areas, with the exception of agro-extractivist and sustainable forest 
development projects; 

(iv) great progress has been achieved in land property regularization particularly in 
Amazonia. INCRA, in partnership with SRF, has been implementing the updating, 
review and modernization of all land registrations, and proceeding to the 
re-registration of lands in Amazonia, attacking the holders of rural estates with 
legal requirements for the renewal of registrations of properties bigger than 5000 
ha (which amounts to a total around 75 million ha. in the Amazon); in relation to 
these processes INCRA is donating to IBAMA something like 20 million ha. of 
forest lands that have been taken from illegal holders, for the creation of 
Conservation Units (out of which 14 million ha. for the creation of National 
Forests). 

 
The Brazilian team that participated in the elaboration of the document by LELE, U. et 
al. (1999) quoted here assert that security over land tenure rights is a critical pre-
condition for the conservation and sustainable management of forests, and state that 
investment in long-term activities such as “low impact logging” demands clarity and 
regularity of property rights, although this alone is not sufficient to promote sustainable 
management practices. They consider, therefore, that land tenure security is a necessary 
and indispensable condition for better conservation of forest through management. 
 
The paper by LELE et al. (1999) nevertheless notes that there is no consensus on the 
impact of land tenure security on deforestation rates. “It is often argued that tenure 
security leads to increased investments in land. KAIMOWITZ (1999, personal 
communication) points out, and Vosti confirms, however, that this applies equally to 
investment in reforestation and forest management and investment in forest clearing for 
subsequent agricultural establishment. Thus whether policies designed to improve land 
tenure security are good or bad for forest conditions is not clear and is, in any case, 
somewhat location-specific. CARPENTIER et al. (1999) suggest that, in the Western 
Amazon, giving formal title to smallholders may in fact increase forest conversion, as 
farmers will become eligible for credit to finance agricultural expansion” (op. cit. page 
23)11. 

                                                 
11 Given such controversy regarding the regularity of land tenure for conservation of forests in the Amazon, as stated by the 

authors of the referred document, it may seem surprising to see how they insist on proposing innovative programmes based 
on carbon and biodiversity credits involving compensation payments to landowners not to convert forests (in return for the 
globally beneficial environmental services of carbon sequestration and biodiversity conservation) as a tool that would 
succeed in reducing deforestation and as a solution for protecting forests in the region. How can such an instrument work 
out, be effective, and become operational if one does not have security over land tenure in the Amazon? 
Well, the proposition may not really be a surprise once we see that primary natural rain forests of the Amazon are treated in 
the document, in fact, as an “integral environmental good”. But then, we should still remain a bit uncomfortable with the 
proposition. First, it is presented as if these innovative programmes for carbon and biodiversity conservation credits really 
existed in wide application. Second, only carbon sequestration payments begin to be materialized, on a wider scale, and if 
landowners were to be paid such compensation for preserving forests in their properties, to maintain their integrity, and not 
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Notwithstanding, the document records that the Government of Brazil is negotiating a 
substantial loan with the World Bank for the agrarian policy area. 

 
8) At the federal administrative and institutional level, the government has proceeded with 

an in-depth reformulation of organizational conception for forestry and environmental 
management. From 1999 the new institutional mission of the Ministry of the 
Environment–MMA incorporated the concept of sustainable development, particularly 
concerning conservation and use of forest resources. All of the policy and normative 
attributions that still remained in the competence of IBAMA passed to MMA. 

  
 This organizational and administrative reform led to the creation of the Secretariat of 

Biodiversity and Forests in MMA, rescuing the importance of forestry in the area of 
public administration, at the same time that it re-established the issue of the institutional 
identity of the management of forestry, raising it to the level of State Secretariat, 
responsible for forestry policy formulation, taking into account, in particular, that more 
than 70 percent of Brazilian biodiversity is associated with the forests of Mata Atlântica, 
of Amazonia, of Caatinga and of Cerrados and Pantanal regions. In addition to a Forestry 
Directorate in the Secretariat, a Directorate specific to forests has also been instituted in 
IBAMA. 

 
 Still at the administrative and institutional level, forests returned to having a specific 

place in the general federal budget and in the strategic planning of the country, through 
the inclusion, in the Pluri-annual Plan of Government (PPA 2000/2003), of three specific 
programme actions (which means three sub-programmes of the “National Forest 
Programme” of Brazil, launched in April 2000) aimed at (i) expansion of the planted 
forest base, (ii) sustainable use of native forests, and (iii) prevention and control of 
deforestation and forest fires. 

 
9)  Certification: efforts towards forest certification in Brazil have progressed significantly, 

as well as the efforts for the establishment of patterns/standards for forest exploitation 
under sustainable management. “Forest Stewardship Council – FSC/Brazil” – and 
institutions with its credentials (like IMAFLORA, for example) – include participants 
from the private sector and social and environmental movements, plus observers from 
government and academia. 

 
The Brazilian forest-based industry has also progressed and promoted its own systems 
such as CERFLOR. The pulp and paper sector has been the most active branch, followed 
by the charcoal-based pig-iron industry. The timber processing sector, particularly those 
branches linked to native forests of the Amazon, still resists certification, on the grounds 
that the change of pattern, from predatory logging to more managed systems, implies 
many additional costs that would eliminate their competitiveness, costs that the industry 
has no capacity to support yet, even considering potential gains. 

 
The government has recognized and widely accepted the importance of establishing and 
implementing “C&I” for the development of sustainable forest management. As we have 

                                                                                                                                                           
to convert them to agriculture or other uses, they would be paid only for that carbon absorption function of their forests, and 
not for any of the other functions (in particular that of biodiversity conservation would not have been paid for). Since they 
are not paid for the other environmental functions (especially the fantastic biodiversity wealth of an Amazon forest), is it 
not unfair to expect them to maintain the integrity of their forests without being paid for the other functions? Third, one 
must not forget that the internationally agreed Clean Development Mechanism (CDM) with respect to carbon 
compensations involving forests includes only planted forests and not natural tropical forests. 
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said, the government engaged decisively in the formulation and internalization of the 
Tarapoto “C&I”, and continues to participate in the establishment of this system in 
Amazonia. IBAMA also has progressed significantly by incorporating in its control 
systems of SFM projects in Amazonia (particularly in the SISPROF system, already 
mentioned) a more systematic set of criteria, indicators and verifiers of the performance 
of these forest management activities. 

 
The government, nevertheless, maintains a prudent position in relation to certification, 
especially with regard to its not becoming a barrier to free trade. 
 

10)  The “National forest programme – NFP”: this is probably the most important measure of 
forestry policy adopted by government in the last few years. Instituted by a Federal 
Decree in April 2000, during the commemoration of Brazil’s five hundredth anniversary, 
the Programme was launched with the purpose of re-articulating the Brazilian forestry 
sector, updating the sectoral guidelines, incorporating new concepts of management, 
identifying sources of finance and promoting sustainability of forests and the forestry 
sector, in order to give consistency and substance to the new Forestry Policy that the 
country intends to establish. The implementation of the Programme foresees the 
mobilization and engagement of diverse political, economic, social and environmental 
actors, whose coordinated and articulated action is fundamental for a national policy to 
have effectiveness and not remain tied exclusively to the statements of its own 
formulation. 

 
NFP was conceived to be the “locus” of action, the grouping of projects and activities 
identified by society’s demand and, for that, to serve as a key to the solution of problems 
that drive forests away from their sustainable path. The elaboration of the Programme 
was based on a wide participatory process of consultations, mobilizing more than 600 
institutions somehow linked to forest and forestry activities. 

 
The theme lines of NFP, with its respective objectives and targets, constitute the course 
of planning and action of the government, around which public and private efforts will 
articulate, with the aim of conservation and sustainable forest development of the 
country. 

 
We want to highlight here the NFP sub-programme devoted to the sustainable use of 
native forests, and especially its line related to “Public Production Forests” (National, 
State, or Municipal Forests). 

 
The main objective of the government related to national forests (FLONAS) in 
Amazonia is the creation of an expanded system of these public conservation units (the 
target is to create a 50 million ha. network of FLONAS in Amazonia by 2010, as 
established in NFP12), that is capable of: 

(i) allowing a more efficient regulation of native timber production in the 
Amazon under sustainable bases; 

(ii) changing the “boom and bust” pattern of native timber industry prevailing in 
the region and which catalyses the force of predatory forest exploitation on 
deforestation; 

                                                 
12  As Veríssimo, Cochrane and Souza Jr.,  (2002) observe, the magnitude of this target is equivalent to the establishment of 

the US system of national forests (done in 1908) and has no precedent in the tropics. From 1998 to 2001 Federal 
Government created an additional 3.9 million ha area of national forests in Amazonia, increasing to 16.3 million ha the total 
area of FLONAS in the region (making up 35 areas, of which 11 are newly created). 
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(iii) complementing with other protected forest areas in Amazonia, a mosaic of 
conservation units (FLONAS, national parks, biological reserves and other 
categories of areas of the national system of conservation units of Brazil13) in 
order to strengthen the conservation of the region’s biodiversity and of the 
entire system of forest protected areas; 

(iv) making demonstration effects of good forest practice in FLONAS possible to 
management in private forest areas; and collaborating with and facilitating the 
incorporation of environmental and socio-economic factors to productive 
processes in forest areas of the Amazon, in order that sustainable forest use 
may optimize productive capacity, conservation value and social conflicts. 

 
Various studies have been and are being conducted by MMA to technically reinforce the 
formulation and implementation of this FLONAS model and give it consistency. So, the 
proposed model by the Brazilian NFP recognizes that new FLONAS must be established 
in areas that have minimum competitive uses, avoiding areas of agricultural occupation 
and other protected lands of high environmental value for biodiversity conservation, as 
well as taking into account economic accessibility of the timber industry and the 
potential of timber stocks. 

 
One of the main advantages of this policy for a system of FLONAS in Amazonia, 
coupled with other integral protection conservation units is that it should produce an 
artificial reduction in the great availability of lands in the region, thus contributing to a 
separation of timber exploitation activity from the expansion of the agricultural frontier 
and of deforestation, through the reduction of forests available for conversion to other 
uses and to predatory timber exploitation associated with deforestation (SCHNEIDER 
et al., 2000). 

 
FLONAS can represent, therefore, an efficient way  of (quantitatively) limiting access to 
Amazon forests and of changing the present pattern of use of forest resources in the 
region, capable of generating significant impacts in the regional and national economies, 
with radical changes in land and timber prices, in the labour market, in the property of 
capital and in the structure of concentration of land property in the region. 

 
Undoubtedly a wide set of technical, as well as administrative and managerial, 
proceedings (practices of follow-up and monitoring of the operation of FLONAS, 
establishment of royalty systems, concession regimes and public bidding systems for the 
selection of concessionaires, etc.) must be established to allow the FLONAS system to 
work satisfactorily. As FERRAZ and SEROA DA MOTTA (1998) state, in particular, 
the system must have the capacity to be perceived as attractive to concessionaires (which 
means saying that the price of timber from these areas must be compensating), which 
will require more efforts from the government in the sense of continuing and deepening 
the reforms to change the present model of production prevailing in Amazonia, based 
today on the supply of cheap and predatory timber. Otherwise the FLONAS system 
based on concessions will not be efficient, and will run the risk of becoming associated 
with and aggravating the present mode of forest production in the region. 

 

                                                 
13  Law nº 9985 of July 2000 established the national system of conservation units. The government, WWF and the World 

Bank have established a partnership to implement an ambitious programme for endowing the Amazon with 10 percent of its 
total area of integral protection conservation units. The government has recently signed with the World Bank a loan 
agreement for implementing the so-called ARPA project (Amazon Protected Areas project). 
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Another no less important programme line of NFP is that which envisages the expansion 
of the planted-forest basis of the country. The studies, based on the formulation of the 
Brazilian NFP, indicated that the country would face a possible scarcity of raw material 
from planted forests in the south-southeast of Brazil, which may be aggravated from 
2004 onwards. 

 
Since the policy of fiscal incentives for reforestation became extinct in 1988, the pace of 
plantation establishment decreased significantly, in the face of a continuous growth of 
demand and production. 

 
The recognition by NFP of these bottlenecks on the supply side of timber from planted 
forests has already forced the adoption of two recent measures by government, which by 
making adequate financial and credit lines available to the activity may promote a 
greater expansion of reforestation in the country: (i) the PRONAF – Forests Programme 
(national programme of incentives to silviculture and agro-forestry in family 
agriculture), recently launched, established special credits for small borrowers to 
undertake reforestation and recuperation of degraded permanent preservation areas; and 
(ii) a special credit line and finance for reforestation up to 150 ha with low interest rates 
and compatible amortization time periods to the activity, approved by Central Bank, for 
small and medium rural producers. 

 
6.2 From the cheap liquidation of natural forest capital to sustainability 
  
As we have attempted to stress above, the understanding that the timber industry has been 
playing a more important role in influencing deforestation in the Amazon has provoked the 
Brazilian Government to take various different measures, beyond the reinforcement, 
improvement and modernization of the conventional mechanisms of command and control. 
  
Undoubtedly, several of the adopted measures, for instance the new Law of ITR, the 
dispositions of the Provisional Measure that altered the Forest Code related to compensations 
of legal forest reserves, have not yet produced their possible and expected effects totally, or 
will need more depth or latitude of implementation, as is the case of the initiatives in the field 
of agrarian policy, which aim to increase security over possession and property of lands in the 
Amazon, by combating irregularities in the registration of lands.  
  
Others, as for example NFP, the FLONAS system with the intended forest concession regimes 
for these areas, and the PRONAF-Forests are, in fact, plans or programmes, potential actions 
aimed at the sustainable use of forest resources, whose objectives and targets to be reached will 
not only need adequate financial resources, but whose successful results will depend on the 
adoption of other forest policies that, in a more decisive and direct way, are capable of 
interfering in important economic incentives which still impede or obstruct the adoption and 
diffusion of sustainable forest management as a viable land use activity in Amazonia. 
  
There are various proposals, some already in discussion in the government, particularly in the 
Ministry of the Environment, that although recognizing the progress, importance and validity 
of the efforts made so far, within the so-called “Positive Forestry Agenda”, consider that it is 
indispensable that other measures be taken to give more consistency and continuity to the 
Agenda, and that, through economic incentives, lead agents to adopt a pattern of use of forest 
resources that is more tuned to conservation and sustainability. 
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The arguments and analyses from ANGELO (1988), FERRAZ and SEROA DA MOTTA 
(1998), SCHNEIDER (1992), SCHNEIDER (2000), VIANA (1997), SEROA DA MOTTA 
(1996), CARVALHO (1999), HADDAD and REZENDE (2002), and in part also in LELE et 
al. (2000), compose the main proposals that point in that direction. In synthesis, what these 
authors suggest is that it would be necessary both (i) to put a burden on or make predatory 
forest exploitation non-profitable, increasing the costs associated with the gathering of cheap 
wood from deforestation, and (ii) to promote incentives and increase the profitability of 
sustainable forest management. It would be necessary, therefore, to realign incentives on both 
faces of the coin 14. What would be these main incentives in play that need to be interfered 
with? 
 
If we accept, in fact, that the “boom and bust” timber industry in the Amazon today exerts a 
significant influence in propelling deforestation – as confirmed by our quantitative results - 
then it would be recommendable to search for government market interventions capable of 
reducing this negative influence and inducing the industry to operate more efficiently. 
  
In keeping with the perspective that we want productive forestry activity to be a real option for 
the Amazon, and that it ceases to be a merely transitory and intermediary activity, as it is 
within the deforestation process, it is possible to identify points, in the light of the “Economics 
of Natural Resources”, that could be pursued through measures of intervention in the market 
mechanisms, which could place exploitation on a higher efficiency level and, at the same time, 
serve to make that dissociation possible. 
Let us look first at the side of the proposals that deals with placing a burden on predatory forest 
exploitation or on timber that originates from that extraction. The fact of forest resources being 
treated by the market as exhaustible resources may well be the case of exploitation carried out 
by the “boom and bust” timber industry of the Amazon15.   

                                                 
14 The work of LELE, U. et al. (2000), quoted here several times, although it states in the introductory chapter that the 

protection of the forests of the Brazilian Amazon, beyond short term, requires three fundamental things: an increase in the 
value of standing forest, an increase in the costs associated with unsustainable practices of forest extraction, and an 
increase in the incentives and profitability of sustainable forest management (or improved)”(op.cit. page 1), in fact, does 
not believe that sustainable management of Amazon forests is a possible and feasible alternative for the region and, mainly, 
capable of contributing, substantively, to a reduction in deforestation. So, the document does not propose, really, the alley 
of sustainable management as one of the measures that may help in restraining deforestation in the Amazon. The basic 
difficulty lies in the “vision” – as in the 1991 World Bank Forest Policy – that still permeates the approach of the referred 
document, which is the “belief”, or “basic working hypothesis” that primary tropical rain forests, as integral environmental 
goods, in totum final consumption goods, cannot, or should not, be susceptible to exploitation. That is why, when it comes 
to the exploitation of the forests of the region, the quoted document ends up proposing the use of planted forests, and not 
the sustainable use of native forests, as an alternative that could contribute to the conservation of the Amazonian forests, 
through a substitute for the supply of wood in the region, which, as per the document, would be dissociated from 
deforestation. 
Note that increasing the costs associated with unsustainable practices of forest extraction and increasing incentives and 
profitability of sustainable forest management are measures that must contribute to increasing the value of standing forests, 
at least with regard to that side, or function, of forests that is to be a provider of productive natural resources (wood and 
non-wood) and whose prices, in general, are formed, or whose formation passes (even if subject to distortions or failures) 
through the markets. 
Of course, the other sides or functions, environmental, or non-productive, of forests, or even when these are treated as 
“integral environmental goods” (not subject to productive exploitation of their resources, or at most susceptible to some 
very soft form of use, such as ecotourism, public visitation, etc.) need other measures that can increase their value. For 
some of these other functions, there have been attempts to establish market mechanisms to value them, as is the case, for 
example, of carbon sequestration. In general, markets are still not very familiar with that. Some economists think that 
markets are not at all adequate to provide values for these other functions of forests. Others think they are.  

15  CUNHA (1988), FERRAZ and SEROA (1998), ANGELO (1998), and SCHNEIDER (1992) adopt this characterization for 
forest resources involved in timber exploitation associated with deforestation in the Amazon, in the analyses they carry out 
in the light of “Natural Resource Economics” of the conditions and incentives that influence the behaviour of economic 
agents involved in these activities. Schneider (op. cit.), who classifies this type of exploitation as “nutrient mining”, warned 
that timber exploitation hastened the conversion of forests to other uses in Amazonia. 
Deforestation, which in fact aims the conversion of land to alternative uses, as is carried out in Amazonia, is a typical 
activity of nutrient mining, whether or not it involves some use or exploitation of timber by the timber industry, besides the 
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On the basis of the analyses of ANGELO (1998), CUNHA (1988), SCHNEIDER  (1992) and 
FERRAZ and SEROA DA MOTTA (1998) we highlight, below, among those conditions that 
prevail in the exploitation of forest resources associated with deforestation in the Amazon, 
those that indicate that the proposal to put a burden on unsustainable practices of forest 
extraction or to make more expensive predatory timber obtained from deforestation, as pointed 
out by the quoted authors, may serve to reduce or to revert the strength of the incentives that 
are still inducive to waste, “over-exploitation” or to predatory exploitation of forest resources 
associated with deforestation (and which end up by propelling it). 
 
Perhaps the statement that better summarizes the arguments and findings of the referred 
analyses is that, given forces, conditions and circumstances in which natural forest resource 
exploitation is done in association with deforestation in Amazonia, there occurs a total failure 
in the prices of these resources to reflect their real “cost use” or “economic rent”. In this 
respect, the market fails, as does the government, because of the absence, until now, of more 
efficient and specific measures of intervention that would make this “rent” capable of being 
captured and taken into account in market decisions 16. 
 
Various are the incentives in play in the Amazon, particularly in the exploitation of timber 
associated with deforestation, as pointed out by the authors, that are real antitheses of those 
conditions of allocation efficiency that would be necessary for the market to economize in the 
use of the resources17. The final result, therefore, of these incentives and conditions that prevail 
in Amazonia for the utilization of forest resources is that proprietors or possessors, as well as 
exploiters (including the “boom and bust” timber industry of the Amazon) are transformed into 
“rent-seekers” in the use and exploitation of these resources within the process of forest 
conversion in the region. 
                                                                                                                                                           

ashes that fertilize the soil for the establishment of the alternative land-use activity. Either in one hypothesis (sale of part of 
timber), or in another (total burning), what matters in deforestation, in the last resort, is not the forest resource (the timber, 
sold or burnt), but the other activity that will succeed the forest. Either in one hypothesis (sale of part of timber), or in 
another (total burning), however, exhaustion and liquidation of the natural forest capital occurs, and in the conditions in 
which deforestation happens in Amazonia it is not “paid for”, neither by the proprietor/possessor that converts land to other 
uses, nor by the timber industry that will process the wood. So, in one hypothesis as in another, it is appropriate to treat the 
resource involved with deforestation as an exhaustible resource. Moreover, the more the first hypothesis (sale of part of the 
wood) gets more weight in the conversion of areas – which is what is happening in Amazonia – the more appropriate this 
treatment becomes.   

16  One of the fundamental propositions of natural resource economics is that, in conditions of allocation efficiency through 
time, the price of the resource be equal to its marginal cost of extraction plus its cost of use, and that this cost must grow at 
a rate equal or bigger to the market interest rate. This difference between marginal cost of extraction and the price of the 
resource is also known as the scarcity rent of the resource or “Hotelling’s” rent. The extraction of one unit today involves a 
cost of use that would be the value to be obtained in the future in case consumption were postponed, that is, the present 
value of one unit of the capital stock of the resource not yet extracted. It also means the payment that would fall on the 
proprietor, or exploiter, of the resource, if the cost of use were positive. Diverse denominations exist in the literature for this 
cost of the natural resource: resource rent, scarcity rent, royalty and, in the case of forest resources, stumpage value, or 
stumpage fee, when governments charge a fee for the use or exploitation of the resource.     

17  We have already underscored in our text (in item 6.1.1) one of these most important conditions that would be necessary if 
one were to have a better use of the forest resource in Amazonia, but which still does not exist in the region, and, therefore, 
still contributes to a situation of free access to the resource: that it would be necessary that externalities linked to possession 
and property of land, and to the insecurity and irregularity of land tenure in the region did not occur. Other incentives to the 
poor use of the resource may be mentioned: the low levels of prices/costs of the abundant standing wood, relative to the 
costs of labour and transport, that contribute to the evident and great waste in timber exploitation associated with 
deforestation; the net positive gains of entry in the exploitation of the resources, since only one part of costs is paid (as it 
does not include a cost of use and, therefore, there is no consideration for the reduction of the stocks), gains that may have 
been increased with the likely reduction of marginal costs of extraction due to a wider accessibility to resources; the 
increase in the demand for the resources, which does not lead to a greater value of the resources (the future scarcity is not 
taken into account, since there is no capture of the resource rent) and so contributes more to propel extraction and 
deforestation (note that this reinforces the thesis that demand for industrial timber in the region be a significant force that 
drives deforestation); the high interest rates existing in the country, which discourage investments in the form of resource 
stocks and, therefore, of maintenance of assets in the form of forests, and so increase extraction rates, etc. For a more 
complete description of these conditions see, for example, CUNHA (1988), op. cit.   
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This extreme behaviour of forest resource “rent-seeking” by proprietors/exploiters that deforest 
the Amazon reveals itself not only as an ingredient of significant weight in predatory forest 
exploitation associated with deforestation (as long as there is this behaviour, and if the value of 
the resource is kept low, predatory exploitation and waste are not only likely but also 
economically justifiable from a private point of view), but also reveals that the resource has 
insufficient value (given its reflection on prices) to justify that through the market (even if 
counting with the existing quantitative limitations of command and control) there could be a 
dissociation of its exploitation from the process of deforestation (seeking for these rents makes 
agriculture producers, cattle-ranchers and timber industry bigger partners in deforestation).     

Levying a tax or “contribution”18 on the economic agent (proprietor, or exploiter/industry) that 
unsustainably harvests natural forests, may serve to restrain or revert that behaviour, forcing 
the economic rent of the resource to be taken into account in market decisions and thus 
economize on its use and thereafter contribute to reduce the propelling force that the predatory 
forest exploitation exerts on deforestation today. Of course, it will be necessary to assess the 
value of the tax, to whom and for what it must be imposed. We say a few words about that 
below. 

But the imposition of such a burden on predatory forest exploitation, or on timber, thus derived 
may not be sufficient, really, to provide dissociation from deforestation of the activity of the 
timber industry in the region, although it may serve to attenuate its influence on deforestation. 
To achieve success in that dissociation it is necessary to do more than only charge for that 
“additional cost” on the resource originating from deforestation and make it more expensive. 

So, we must turn now to examine the other face of the coin, as we referred above. 
 
The other side of the proposal of the quoted authors is that incentives and profitability of 
sustainable forest management be promoted and increased. 

It must immediately be said that the basic principle that applies to exhaustible resources – that 
their “cost of use” must be taken into account by the market (even if through intervention) to 
economize on its exploitation – is also valid for the case of an activity like sustainable forest 
management, a permanent activity of land use, and thus dissociated from deforestation, in 
which the forest resource is seen as renewable. In this sense, then, it must be clear that 
sustainable forest management also presupposes that proprietors/exploiters must consider such 
“cost”, so that the market (even with intervention) can economize on its use, and exploitation 
can be done in a way that guarantees a more economically efficient use of the resource 19. 

                                                 
18  We do not worry now with the correct category, from the point of view of our tax legislation, of the type of charge to be 

imposed on the user (exploiter or proprietor) of the resource. A point to underscore, with regard to the justification for the 
fee/tax/contribution, is that the charge is made for the use of the resource (the principle for the charge is that of the 
user-payer) use which – contrary to what happens today – should be done considering the opportunity cost or scarcity of the 
resource, in order to avoid the dilapidation of the natural patrimony of the country. Haddad, P. and Rezende, F. (2002), op. 
cit., propose that, in a case such as this, the instrument of a “contribution of intervention in the economic field” be used, in 
favour of the better economic use of the natural resources of the country.  

19  In terms of “economic efficiency allocation” or of “optimal economic path of exploitation” there is not much divergence 
concerning such result between the case of forests as exhaustible resources and the case of forests as renewable resources. 
That is, the difference is that the function of growth/regeneration of the forest, in the second case, replaces the fixed 
quantity of the stock (of the first case) in the economic efficiency maximization constraint. As demonstrated by Samuelson, 
P. A. (1976), although the age or cycle of rotation of a managed forest under the concept of “maximum (net) sustained 
yield” of foresters be, in fact, greater than the age that that “competitive solution” would be capable of providing, this 
should not be seen – as Samuelson himself warns – as a “ghost” that haunts or frightens some as to the possibility of forests 
(homogeneous or heterogeneous) being capable of commercial and lucrative exploitation and, at the same time, have their 
perpetuity and regeneration/maintenance capacity guaranteed. On those that disagree, or seem to be “haunted” with that, 
see, for example, CUNHA (1988) and RICE, GULLISON and REID (1997).      
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It may be assumed that those who already carry out sustainable forest management in the 
Amazon on private properties (regular from a legal agrarian point of view) following the 
technical and legal established precepts, verified and checked by the competent forest authority 
or a recognized certification process – as is the case of various projects already in operation in 
the Amazon – are taking into account the user cost of the forest resource that they exploit and 
maintain in stock. In fact, it is assumed that the proprietors/exploiters of the resource, in their 
strategies of exploitation and conservation of the forests subject to sustainable forest 
management, are implicitly “paying” for the “economic rent” of the resource. 
 
With that, the essence of an acute disequilibrium resulting from the existing incentives and 
conditions operating in the market in Amazonia, related to forest resource exploitation, 
becomes revealed: on the one hand, the agents involved in predatory forest exploitation 
associated with deforestation that capture and dissipate rents at the point of getting the 
resource, and on the other hand, the agents involved in sustainable forest exploitation, who 
have to consider and incorporate the rents of the resource in the management and maintenance 
of forests. The low value that results in the market for the resource certainly does not privilege 
sustainable forest management. 
 
As we have remarked above (item 6) and, as the results of ANGELO and PRADO (2002) 
demonstrate, at prevailing market prices for timber and other conditions in the region, the 
supply of industrial timber in Amazonia is not yet affected in a significant way by initiatives or 
projects of sustainable forest management, leaving the demand for industrial timber, in its near 
totality, to be supplied by timber from deforestation. Linked to the referred disequilibrium, this 
contributes to making timber coming from sustainable sources unfeasible, financially and 
economically, and to make even more difficult its market competition with timber from 
deforestation. 
 
The data of ANGELO and PRADO (2002) indicate that there are, moreover, substitution 
elasticities bigger than zero between both and different sources (deforestation x sustainable 
forest management), that is, the two distinct sources of supply compete with each other, and 
suggest that to increase participation of forest management and of timber sustainably managed 
in the supply of tropical timbers in the region there is a need for measures that promote price 
differentiation between timber from deforestation and timber from managed forests 20.    
 
Timber coming from managed forests cannot, therefore, within present market conditions in 
Amazonia, compete with timber from deforestation, which is much cheaper. 
 
The imposition of a burden, as we have qualified above, on timber originating from predatory 
exploitation associated with deforestation, besides contributing to reducing the influence of the 
activity on deforestation, can also serve to improve the competition possibilities of sustainably 
managed timber in private properties, at least in relation to its more direct competitor (timber 
from deforestation). 
 
Let us observe the case of FLONAS, whose extension and increase in area – as we have 
mentioned before, this action counts with a sub-programme in Brazilian NFP – represents a 
concrete example of a measure of quantitative limitation that contributes to a significant 
                                                 
20  It is good to observe that forest certification, for example, is not an instrument capable, on its own, of providing a 

differentiated final price for sustainably managed timber. Certification increases costs of forest management without 
guaranteeing that the market will pay more for the managed product, that is, while a tax imposed directly on the price or 
value of a product, levied on all that produce it, or consume it, tends to increase its final price in the market, with 
certification it rests to the consumer or market that buys the product the willingness to pay a higher differentiated price for 
the certified product. 
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reduction of the endless supply of land in Amazonia, a correct policy in terms of re-aligning 
incentives in the region. 
 
The recent decision of the government to send to National Congress a project of law proposing 
a “System of Forestry Concessions in Brazil” in areas of public production forests (FLONAS, 
State Forests and Municipality Forests) foresees, as it should, a system of charging for the 
“cost of use” or economic rent of these forest resources, through royalties and other fees, for 
the exploitation of these public forests and access to them 21.    
 
As FERRAZ and SEROA (1998) argue, it will be necessary to see whether this change of 
system will not make the use of FLONAS unfeasible, given the non-existence today of a 
tax/fee/contribution on predatory timber associated with deforestation. Therefore, in the 
absence of a burden on deforestation timber, it is even more difficult to believe that timber 
from sustainable management that is produced in FLONAS may be commercially viable in 
Amazonia, and that these units may be transformed in important areas of forest production and 
conservation in the region. 
 
As long as “costs of use” or rents of the resource in the activity of sustainable forest 
management are taken into account or captured in private properties, or come to be captured in 
public properties, such as FLONAS, through the proposed mechanism of forest concessions, 
the imposition of a burden on timber from exploitation associated with deforestation, as a form 
of capturing rent for the resource thus obtained, although it contributes to improving 
competition conditions of sustainably managed timber vis-à-vis deforestation timber, in reality 
it may only be equilibrating these conditions. In addition, one will have to consider that some 
(or various) incentives to the conversion of forests and to predatory use of the resource 
associated with deforestation will remain, which in their turn may continue to be clear 
disincentives to sustainable forest management as an activity of land use in private properties 
of Amazonia 22. Moreover, one cannot forget that native forest management is subject 
nowadays to an increasing level of demands, controls and requirements, without which one 
does not accept that it be exercised and establish itself as a permanent productive activity of 
forest use.  
 
That is why the propositions of the quoted authors are formulated in the sense that not only 
timber associated with deforestation becomes more expensive, but at the same time the 
incentives to and profitability of forest management are increased. The proposals involve even 
                                                 
21  In countries with strong forest economies, particularly in those where a major part of their forests are public forests (for 

example, the USA, Canada, Malaysia and others) and where these areas have been managed permanently for productive 
purposes, exploitation of these resources presupposes a payment by explorers of a royalty or use cost for the exploitation. In 
those countries where this exists, the expectation is that the quantity exploited that enters the market, because of that 
charge, does so with a higher final price, in which the “additional” made up by royalty or rent represents better the value of 
the resource. The question whether these rents are duly charged for is always a crucial issue in international discussions, 
especially in discussions of the international trade of wood (a notorious example has been a USA countervailing duties case 
against the Canadian system of stumpage fees, that argued that Canadian exports into the US did not pay full stumpage 
value, and this put US industry at a trade disadvantage). 
As well observed by HADDAD and REZENDE (2002), the imposition of taxes/fees of the user-payer type or of green 
taxes established by a country alone, and unilaterally imposed to its economy, may imply a commercial disadvantage, when 
compared with its competitors, affecting the competitiveness of its exports, mainly in the case of commodities. This is a 
question that also must be considered in the scope of a discussion about the possibility of instituting in Brazil a burden on 
deforestation timber, and of royalties or taxes on the exploitation of FLONAS. A good part of the discussion on the 
sustainable use of forests, at international level, relates to the adequate and necessary “valuation” of resources, so that one 
may guarantee their sustainability and their adequate trade in international markets. With a view to guaranteeing the 
sustainable use and trade of forest products, the trend in international policy fora is to promote policy measures that better 
value forest resources.     

22  For example, the high interest rates that prevail in the Brazilian economy, and that may stimulate a more rapid conversion 
of forests to agricultural and cattle ranching use, may be clear disincentives to an activity that requires long terms of 
investment pay-off and maintenance of stocks of resources, as is the case of sustainable forest management. 
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the recommendation that, from the institution of that burden on deforestation timber, the 
proceeds of that charge be destined to support and stimulate the operation of sustainable forest 
management in Amazonia. It should be underscored that, today, there are no incentives or 
stimuli, on the part of the government, through market mechanisms, to offer to those who 
manage and conserve forests in order that one could induce private sector actions to align with 
public objectives of conservation and sustainable management of forests in the Amazon.    
 
Therefore, maintaining the perspective that one wants a permanent and productive forest 
activity as a real option for the Amazon, as we have said above, what can be said of the large 
private areas of legal forest reserves that one hopes must exist for the management and 
sustainable use of their forest resources in the region, if the profound measures just suggested 
are not promoted at the necessary scale? How to promote and provide incentives to the 
sustainable use and maintenance of these areas if one does not impose these more decisive 
mechanisms that support forest management and give it more effective means to compete with 
activities that convert land to other alternative uses such as agriculture and cattle raising? 
 
Finally, we offer some suggestions about these proposed instruments and measures that may be 
useful for a more precise or specific definition of their profile or operation. 
 
At first, it seems more appropriate that a tax/fee/contribution on the timber/wood resource 
originated from deforestation should be levied on timber manufactured by timber industry (or 
iron produced by the charcoal-based pig-iron industry), since this would cause a cost increase 
in these industries that could lead to a more expressive reduction in the demand for the 
timber/wood resource originating from deforestation. This is justified by the fact that 
manufactured timber products supplied by the industry have greater sensitiveness to prices 
(greater price-elasticity of demand) than standing wood or logs. 
 
The proceeds, at federal level, of the tax could constitute a specific fund for the adequate 
financing of sustainable forest management, which could, at medium-term, induce the timber 
industry to substitute timber from management for timber from deforestation. 
 
The manufactured product from managed timber (from timber certified as coming from 
sustainable forest management) must be exempt from such tax/fee/contribution. Therefore, the 
system of charges must attempt to make this distinction. One possibility is to credit the 
taxpayer (the industry) a percentage of the total paid which would correspond to the proportion 
of his total production originating from sustainable forest management (a scheme of devolution 
similar to that of the IPI-Tax on Industrialized Products, for example, could be imagined).  
 
A tax levied on a product with a greater degree of manufacture, that is, in a further stage of the 
progressive productive chain, results in greater savings to the forest base than a tax on the 
production of logs, for example. Considering that, for the timber industry, logs practically do 
not have substitutes, unless among species, all the effort in the sense of taxing and inspecting, 
exploitation and production of logs from deforestation would result in a doubtful effectiveness, 
besides the practical difficulties of this action given the scattered occurrence of deforestation, 
mainly in the Amazon region 23.   
 
In terms of taxing efficiency and inspection, actions on the timber industry result in a greater 
benefit-cost relation than in the base (at the beginning) of the production chain of timber (on 
logs). 
                                                 
23  SISPROF, as we have mentioned, is a system that can greatly help and ensure more effectiveness to this taxation on the 

industry, and on forest management plans that are necessary to control the referred devolution of credits.  
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The implementation of these measures of taxing timber industry and the constitution of a fund 
for the financing and incentive of sustainable forest management would allow an expansion of 
the activity and its better competition with alternative uses of land, with gains to all of society. 
 
7. CONCLUDING REMARKS 
 
Deforestation in the Brazilian Amazon is a complex phenomenon. The forest conversion 
process is undertaken by several economic agents such as family farmers, large cattle ranchers, 
frontier settlers, land speculators and logging companies. Moreover, the process is influenced 
by markets as well as institutions and government policies. Therefore, modelling its dynamics 
is not an easy task. 
 
This work reveals that the Amazonian deforestation is a product of various linked and 
interdependent factors. In the period studied, roads, population, logging, the wood industry, 
GDP, cattle herd, energy and wood price are pointed out as the most important causes of 
deforestation, due to the search for forest resources, land and energy. 
 
Based on statistical analysis, Amazonian deforestation is principally associated with roads, 
population, logging, the timber industry and cattle-herd. Nevertheless, GDP and energy are 
also related with deforestation. Land and cattle prices, PRONAF and rural credit constitute 
expressive factors that characterize the Brazilian Amazon deforestation too.  
 
The analysis for principal components shows high relationship within deforestation, roads 
expansion, population growth, logging, the timber industry, GDP, cattle herd, energy and wood 
prices. 
 
On the other hand, land and cattle prices and rural credit work in an antagonistic way with 
deforestation. Therefore, the statistical results suggest that a rise in land prices, cattle prices 
and rural credit can reduce deforestation in the Brazilian Amazon. 
 
The estimates for the equations have important meanings for the rational use of forest 
resources, for the elaboration of inter-sectoral policies, and for decision-making regarding the 
participation of all of the main highlighted factors of Amazonian deforestation.   
The equations indicate that a short run is necessary to reduce the magnitude effect of roads, 
population, logging, cattle herd and the timber industry over deforestation. Zoning and 
ordaining the forest space with the implementation of conservation and managed public forests, 
establishing financial mechanisms of low investment costs to stimulate sustainable forest 
management, and creating mechanisms that overprice deforestation and make it more 
expensive are some of the public policies to be implemented in the short run.  
 
Surely, due to the growth perspectives of the Brazilian economy, the demand for wood tends to 
grow with an expressive impact over deforestation, as demonstrated by the magnitude of the 
elasticities estimated in this work. 
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