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ABSTRACT 

This paper assesses the impacts of productive activities on macroeconomic conditions and deforestation using 

a two-region CGE model. The object of study is the interaction between productive sectors (especially agriculture, 

livestock, timber and pig iron) and deforestation in the Eastern Amazon region of Brazil. This region, also known 

as the Carajas Comdor, has experienced rapid growth and settlement over the last three decades. Over this same 

period a significant portion of its natural resources (particularly forest) has been depleted. 

The growth simulations reveal that expansion and development of the metals sector only indirectly result in 

higher levels of deforestation by stimulating the expansion of agriculture and livestock production. The 

expansion of agricultural activities results in sufficient wood by-products to meet the greater demand for 

charcoal production caused by development of the metals sector. 
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RESUMO 

Esse artigo avalia os impactos das atividades produtivas nas condi^oes macroeconomicas e no desmatamento usando 

um modelo CGE para duas regioes. O objeto de estudo e a intera^ao entre os setores produtivos (especialmente 

agricultura, pecuaria, madeira e ferro gusa) e desmatamento na regiao leste da Amazonia brasileira. Essa regiao, tambem 

conhecida como o Corredor de Carajas, experimentou um rapido crescimento e povoamento nas ultimas tres decadas. 

Nesse mesmo pendoo, umaparcela significativa de seus recursos naturais, florestas em particular, foi exaurida. 

As simulagoes realizadas revelam que o desenvolvimento da metalurgia so indiretamente conduz a um nfvel 

mais elevado de desmatamento ao estimular a expansao da agricultura e da pecuaria. A expansao das atividades 

agncolas gera como sub-produto madeira suficiente para atender a demanda crescente da produ^ao de carvao 

causada pelo crescimento da metalurgia. 

Palavras-chave: Carajas, complexo metalurgico de Carajas, desmatamento, crescimento regional. 
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Introduction 

Public opinion, governments and world organizations have become increasingly concerned 

with the links between economic activity and environmental quality, and various studies attempting 

to model this issue have recently appeared in the academic literature Persson and Munasinghe 

(1995), Gibson (1996), Panayotou and Sungsuwan (1989), Southgate, et al (1991) and Osorio 

and Campari (1995)). This has been particularly true in the case of the Brazilian Carajas Corridor. 

International investment spending has also become increasingly sensitive to long run environmental 

impacts, potential changes in government policies, the potential reactions of environmentally 

conscious consumers, and their implications for the overall risk to capital. While transnational 

firms have shown considerable interest in investing in the Carajas Corridor, much of that investment 

has not been realized in part because of uncertainty over the direct and indirect environmental 

impacts of such investment. 

In 1967 U.S. Steel discovered the world's second largest deposit of strategic minerals (iron, 

manganese, copper, tin, nickel, aluminum and others) in the Carajas highlands of Para, Brazil, in 

the eastern portion of the Brazilian Amazon region. The mine was later sold to Companhia Vale do 

Rio Doce (CVRD), at the time a state-owned steel company but recently privatized. Soon after its 

acquisition, CVRD planned the construction of a US$3.5 billion project composed of: 1) urban 

and mining infrastructure in the Carajas area; 2) a large capacity and modern deep-water (300,000 

tdw) harbor, located at Sao Luis, 560 miles away from the mines; and 3) a railroad connecting the 

mines to the harbor, providing cheap transportation for minerals, essential to secure CVRD's 

international competitiveness. This project was calledFerro Carajas, or simply Projeto 

Carajas, PC (The Carajas Project), and its construction began in the early 1980s. 

In the mid-1980s, with the completion of the Carajas Project, the Government created the 

Pro grama Grande Carajas (Greater Carajas Program) for the planning of the region's develop- 

ment. Between 1985 and 1987 thirteen independent pig iron firms received government authori- 

zation to operate. The first of these firms began operations in 1988. Six plants are currently in 

operation, with a total production capacity of 750,000 tons per year. A 100,000 ton per year 

plant is to begin operation in 1997. Five other plants received authorization to operate, but could 

not meet the deadline for their installation and had their licenses rescinded in 1990. Another plant 

was ordered closed for not complying with the current environmental legislation. Since then, no 

other plants have been licensed. 

Environmental assessments of the Carajas Iron Ore Project focused mainly on its direct effect 

within the area under the control of CVRD. While these analyses were careful and the resulting 

mitigating measures generally effective, they did not extend beyond the immediate project area. 
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As a result, they failed to anticipate much of the substantial induced development caused by the 

project which, through the Carajas railway and road investments, greatly improved physical 

access to extensive parts of the region. This and other factors led to intensified in-migration by 

loggers, ranchers, prospectors, small farmers, land speculators, urban settlers, and other groups, 

with significant environmental and social impacts including rapid deforestation.1 

After 1987 the international community began to express strong concern over the impacts of 

the Carajas project on the region's deforestation, especially the impact of the pig-iron industry. 

The Carajas metallurgicy complex became the "culprit" for deforestation in the Amazon. The 

industry's environmental reputation played a major role in the failure to complete the planned 

metallurgical complex. Foreign capital shied away from financing activities related to the expansion of 

the industrial complex. Moreover, the Brazilian government, through the Greater Carajas Program, 

prohibited the expansion of pig-iron production by firms that could not prove self-sufficiency in 

charcoal production originating in cultivated forests. Since reforestation has not yet been tested in 

the region on a commercial scale, pig-iron production continues to be restricted and to rely primarily 

on charcoal produced from agriculture and lumber industry residues. 

Iron-ore production continues to be primarily exported, precluding the emergence of inter- 

industry linkages and the diversification of the regional economy in ways that would support the 

region's economic growth. 

By 1991 the population of the Carajas Corridor reached 7.3 million, more than 50 per cent 

under the age of 14 (IBGE, 1993). Approximately 57 per cent of the population live in rural areas, 

in contrast with 25 per cent at the national level. This high level of rural population underscores the 

importance of agriculture. Annual rates of population growth are still high (4.6 per cent per year), 

even by Brazilian standards. Population projections put the region's population at 11 million by the 

year 2010 (Sawyer, 1994). 

The process of settlement and economic growth was accompanied by deforestation of large 

areas. In the 1980s, deforestation reached alarming proportions. Data collected by Brazil's Na- 

tional Institute for Space Research (INPE, various issues) reports that the total surface area de- 

forested between 1978 and 1987 increased sharply. An area of 54,600 km2 had been deforested 

in the Legal Amazon in 1978, while in 1988 the area of deforestation reached 280,000 km2. In the 

states of Maranhao, Para and Tocantins, which make up the Carajas Corridor, the extent of 

deforestation jumped from 128,000 km2 in 1978 to 253,000 km2 in 1988. An average of 12,500 

km2 per year of forest was lost in this region alone. Annual rates of gross deforestation seem to 

have reached their peak in the second half of the 1980s and have tapered off since then. In 1970 

1 A.Ozorio de Almeida and J.S. Campari (1 QQS^rovide an extensive description of population and economic shifts in this 

area during the 1980s and explores the factors determining the decision of settlers to deforest the land. 
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approximately 12 per cent of the region's forest areas had been cleared, but by 1985 this propor- 

tion had reached just over 25 per cent. Some progress has been made in controlling the rate of 

deforestation. In the period 1990-91, the gross rate of deforestation was 0.3 per cent per year, 

well below the 0.54 average rate observed during the 1978-88 period. The pace of deforestation 

in the Carajas Corridor fell to an annual average of 6,200 km2 between 1988 and 1994. The rate 

of deforestationis still alarmingly high, however. 

Deforestation of Tropical Forests in the Carajas Corridor 

Area in thousands of Km2 

State Total 

Area 

Original 

Forest Area 

Forest in 

1994 

Pace of Deforestation 

Prior to 

1978 

1978 to 

1988 

1988 to 

1994 

Total to 

1994 

Maranhao 325 155 38 80 34 3 117 

Para 223 213 85 24 74 30 128 

Tocantins 277 58 13 24 17 4 45 

Total 825 426 136 128 125 37 290 

Source: INPE, Institute de Pesquisas Espaciais. "Deforestation in Brazilian Amazonia", several bulletins 

(1992, 1993, 1994). 

The purpose of this study is to construct a two-region general equilibrium model to assess the 

effect of production activities on macroeconomic conditions and deforestation using a two-region 

CGE model. The area considered in this study represents the regions most affected by the Carajas 

project. The model permits the examination of the economic interaction among productive sec- 

tors, and the direct and indirect demand for commodities that result in deforestation. The design of 

the model was driven by the objective of evaluating the macroeconomic and deforestation effects 

of expanding and diversifying the production of metals within the region most directly affected by 

the Carajas railway. The simulations performed reveal the impact of alternative external demand 

shocks (changes in regional exports) and the impact of an alternative development strategy on the 

rate of deforestation. 

Description of the economic/deforestation model 

The model was built to represent the basic economic interactions between two regions in the 

North/Northeast of Brazil. The main region of interest is the Carajas Corridor, also referred as the 
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Corridor, made up of the most immediate area of influence of the Carajas Project. This is the area 

in which the Carajas project is located. It encompasses not only the smaller and more directly 

affected area around the Carajas railroad, but also a broader area under this project's influence. 

The totality of the states of Maranhao, Para and Tocantins are included in this region. The other 

region is called Macro Region (also referred to as Region), and is composed of the remaining 

states of the North and Northeast regions. The CGE model is based on an inter-regional input- 

output model built by the authors. Economic output in the model is disaggregated into 47 indus- 

tries: 8 agricultural sectors, 3 mining sectors, 22 manufacturing sectors, a construction sector, two 

public utilities (electricity and water) and 11 service sectors. It is assumed that the regions trade 

goods and services with one another and with the rest of Brazil and the rest of the world. The 

inter-regional export equations link the two regions' economies. 

BRAZIL 

Study Area 

11 Corridor 
H Region 

The variables appearing in the equations are defined as follows: 

X.n, output of industry "I" in region "h" 

P, investment spending 

Ei
hk, exports of good "I" from region "h" to region "k" 

G.11, government spending 
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E.113, exports of good "I" from region "h" to the rest of Brazil 

E.^, exports of good "I" from region "h" to the rest of the world 

Th, transfer payments to households 

Ci
hk, consumption of good "I" produced in region "h" and consumed in "k" 

Yk, household disposable income in region "k" 

The parameters of the model are defined as, 

a..111", intermediate input requirement - good "I" produced in h purchased by industry "j" in region "k" 

X.h, labor value added per unit of output in region "h" for industry "I" 

K.11, capital value added per unit of output in region "h" for industry "I" 

T.n, indirect tax rate for good "I" in region "h" 

7rh, personal tax rate for households in region "h" 

5.h, shai*e of capital income generated in industry "I" and retainedby region "h" 

Pi
hk, propensity to consume good "I" produced in region "h"by households in region "k" 

The core model is described by the following set of equations. 

Industry output is demand determined in each sector according to the following equations. 

Xi = X4" x'i + Eik + EiB + Eiw + Gi + li + Ci 

i 

where h = {Macro Region, Carajas Corridor} 

The endogenous expenditure components are inter-regional exports and household consump- 

tion. The inter-regional export equations are 
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Eik=^alijCXkj + PikYk 

i 

whereh= {MacroRegion, Carajas Corridor};k= {MacroRegion, Carajas Corridor}; andk. 

Intra-regional household consumer expenditures are determined by a set of simple expenditure 

functions; 

c?=/?!V 

The household disposable income and regional GDP, respectively, are given by the following 

identities: 

Yh =(l-n'')( + ^5i k'I x'i)+ T1' 
i i 

and 

GDP1' = x' + + 

i i i 

The first extension to the core model is the addition of a set of equations that reflect deforesta- 

tion activity. The production of charcoal requires wood inputs that are available from four sources. 

For each hectare of land area under forestry management approximately 10 m3 of charcoal could 

be produced. The forestry sector produces wood for charcoal production as a by-product of its 

own activities. For each US$ 1,000,000 of sales from logging, enough wood by-product is pro- 

duced to allow the production of 8,400 m3 of charcoal (Rezende and Sampaio (1994)). The third 

source of material input for charcoal production originates from the clearing of land for the expan- 

sion of agricultural goods and livestock production. Each hectare of land area cleared for agricul- 

ture or livestock generates the material wood inputs necessary to support the production of 160 

m3 of charcoal production. If the material inputs necessary to produce the amount of charcoal 

demanded is not sufficient, then the fourth source of wood input is illegal deforestation. Approxi- 

mately 100,000 m3 of charcoal are produced for each US$ 1,000,000 of charcoal industry sales. 

CHCAP = 10 AREAMGT + 0.0084444( XXv^)+ 160 (DAGR + DLIV) 
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The amount of charcoal (in million m3) that can be produced from legal sources of wood inputs 

is given by where AREAMGT represents the land area under forestry management in million 

hectares; Xxv is total output in wod by-products; "e" represents the exchange rate in 1993; DAGR 

is land cleared to support expansion of agriculture (in million ha); and DLIV is land cleared to 

support expansion of livestock production (in million ha). No wood for charcoal is currently 

produced under managed areas (AREAMGT = 0), but it remains a potentially important future 

source if necessary. 

Historical data on land use patterns and agricultural and livestock output in the Carajas Corri- 

dor suggest that 7 km2 of land is required to produce US$ 1 million of agricultural output, while 

63.1 km2 are needed to produce US$1 million of output in the livestock industry. The same data 

reveals that farmers and ranchers keep a considerable amount of idle land relative to the area of 

land actually utilized in production (Mueller, 1994). For each km2 used in production, another 

0.62 km2 are left idle. As output in agriculture and livestock expands, more land is cleared and 

inputs for charcoal production are generated as part of this process. In the absence of changes in 

land productivity and the ratio of idle to utilized land area, the land cleared to support expansion of 

agricultural and livestock production is given by the following functions. 

DAGR = 11.34 (x^c-X^Ve 

DLIV = 102.222( xr
Ls - V* 

The amount of charcoal that cannot be produced from these legal sources of material inputs is 

given by the identity: 

CHGAP = (xc/e)- CHCAP 

where Xc is the actual output of the charcoal industry and CHGAP > 0. Approximately 110 km2 

of forest is consumed for each million cubic meters of charcoal produced, and approximately 0.9 

km2 of forest area is consumed for each US$ million of output produced in the timber industry. 

The deforestation identity (km2) is given by 

DEF = 0.89 (Xxv/e) + DAGR + DLIV +109.649 CHGAP 

Additional land area must be cleared as economic activities in the logging and agricultural 

sectors expand without a concomitant increase in land productivity. Similarly, economic growth 
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leads to an increase in the demand for charcoal, and, unless the material inputs necessary for 

charcoal production are available from the clearing of land, forest management and by-products 

from the logging industry, additional forest must be cleared to satisfy the demand for charcoal. 

Two sets of simulations were performed. The six simulation exercises were conducted in the 

first set to gauge the responsiveness of regional economies and regional deforestation to exog- 

enous changes in final demand. The second set of simulations examine the marginal impact of 

alternative scenarios for the development of a metallurgical complex. 

Sensitivity Analysis 

Three simulations were performed to examine the effect of changes in regional exports. The first 

of those simulations (AltsimO 1 in the tables) examines the impact of anacross-the-board, ten percent 

increase in exports to the rest of Brazil and the rest of the world. Gross regional product (regionally 

generated value added) increases by 2.3 percent in the Macro Region and by 3.5 percent in the 

Carajas Corridor The Carajas Corridor is a more export oriented economy than the Macro Region, 

hence the larger relative impact.2 Household income increases by 2.1 percent in the Macro Region 

and by 3.4 percent in the Carajas Corridor (Table 1). 

GDP Impact of Exports and Investment 

Percent Change from Baseline 

4.0% - 

3.0% 

2.0% 

1.0% 

0.0%- 
AltsimO 1 Altsim03 Altsim05 

Altsim02 Altsim04 Altsim06 

Region IH Corridor 

2 The ratio of exports to GDP is 0.22 in the Macro Region and 0.62 in the Carajas Corridor. 
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In the baseline simulation nearly 17,400 km2 of land area is deforested per year in both the 

Macro Region and the Carajas Corridor combined (Table 3). This area is consistent with the pace 

of deforestation witnessed in the late 1980s and early 1990s. In both the Macro Region and the 

Carajas Corridor the greatest amount of deforestation results from agricultural activities. The 

production of livestock accounts for between 70 and 80 per cent of the total area deforested. The 

residual by-products from these activities are more than sufficient to meet the needs of charcoal 

production activities that take place. This result is very sensitive, however, to the pace of eco- 

nomic growth in the agriculture and livestock sectors , The clearing of land originates from an 

expansion of economic activity in these sectors, rather than from the level of activity itself. That is, 

it is the growth of output that leads to additional clearing of land. Once production in these sectors 

stabilizes, there is no further need to clear land (provided land productivity does not decline). 

The baseline simulation corresponds to 1993. In the early part of the 1990s the level and pace 

of economic growth in these sectors slowed considerably from the rates observed in the early to 

mid-1980s. In the absence of any growth in agricultural and livestock production, nearly 2.800 

km2 of forest would have needed to have been cleared in order to meet the needs of charcoal 

production in the baseline simulation. That rate of deforestation represents approximately one half 

the rate most recently observed. This last result highlights the need to develop either alternative 

energy sources to charcoal or a renewable supply of wood for charcoal once the region's agricul- 

tural and livestock sectors stabilize. 

Composition of Exports 

Baseline Data 

Region 

Mining/Related Mfgs. (14.22%) 

Agriculture (32.91%) 

Corridor 

Manufactures (6.87% 

Mining/Related Mfgs. 

Others (29.979 

■Agriculture (40.81%) 
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When the economies experience a "balanced" increase in export demand, the resulting stimulus 

to the logging, agriculture and livestock sectors leads to an increase in the amount of land area 

cleared by these activities. The wood by-products from this land clearing process are then 

sufficient to meet the input requirements of charcoal production, even though the production (and 

export) of pig iron also increases by almost the same percentage. This result is obtained for both 

the Macro Region and the Carajas Corridor. In the Carajas Corridor the production capacity of 

charcoal from wood by-products increases by approximately 75 percent, while the actual demand 

for charcoal increases by nearly 8 percent. This result is due, in large measure, to the composition 

of exports which is highly skewed towards the exports of agricultural products, minerals and the 

manufacture of mineral related products (mainly metals). 

Exports of agricultural products, minerals and related manufactures accounted for nearly one- 

half of the Macro Region's total exports and for approximately two-thirds of total exports from 

the Carajas Corridor. Exports of agricultural products alone accounted for one-third of the Macro 

Region's exports and 40 per cent of the Carajas Corridor 's exports. Consequently, an increase in 

exports is largely directed towards exports of agricultural products, leading to an expansion of 

land under cultivation and deforestation. The residual by-products from the expansion of agriculture 

more than satisfy the input needs of the charcoal sector even in the face of increased production of 

pig iron. 

An across the board increase in exports has a significant impact on deforestation. A 10 percent 

increase in exports from 1993 levels in both the Macro Region and Carajas Corridor results in an 

additional 28,400 km2 of area deforested in the Macro Region and an additional 19,900 km2 of 

area deforested in the Carajas Corridor. For each additional US$ 1 million of exports (at constant 

1993 prices) 43 km2 of forest is lost in the Macro Region. An increase in exports of US$ 1 million 

leads to the loss of 39 km2 of forest in the Carajas Corridor. 

Alternative simulations 2 and 3 illustrate the economic inter-relationship between the two re- 

gions (Table 1). "Altsim02" simulates the exogenous growth of external demand in the Macro 

Region only. Under this simulation the Macro Region s GDP rises by 1.9 percent, while household 

income rises by 1.8 percent. Since the Macro Region buys goods from the Carajas Corridor, the 

resulting economic stimulus in the Macro Region leads to increased economic activity in the Carajas 

Corridor. The Macro Region's propensity to import from the Carajas Corridor is not strong, 

however, and gross regional product in the Carajas Corridor rises by only 0.3 percent. 

The economic stimulus to the Macro Region increases the pace of deforestation, as production 

in the "forest consuming sectors" increases. A 10 percent increase in the Macro Region's exports 

results in an additional loss of 26,600 km2 of forest. The stimulus to economic activity in the 
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The Macro Region's economy is mole a#ected by investment spending than by exports. The
macroeconomic stimulus frona a 10 percent inclease in investment, however, is greater than the

stimulus from export growth, while the deforestation impacts are smaller. The Macro Region's
GDP increases by 3.7 percent as a result of a 1 0 percent inca'esse in both the Macro Region and

the Carajás Corridor (ÁZ/slm04 in the Table l and graphs). Household income increases by 3.6

percent. This inciease in investment spending leads to 1 5, 100 km2 of forest being cleared in the
Macro Region.

GDP in the Carajás Corridor increases by 3 .3 percent under this simulation, measurably lower

than the 3.7 percent growth under a 10 percent increase in experts. Household income increases
3 .2 percent as a result of the increase in investment demand, while an additional 3,500 km: of
forest is cleared (Table 3).

.4Z/sinOS replesents a 10 pelcent increase in investment spending in the Macro Region alone,

whileÁ/íslmOó ]epresents the game percentage increase in investment spending only in the Calajás

Corridor. The pattern of eüects is similar to the simulations involving exports: 1 ) an economic
stimulus to the Macro Region has a much largar effect on the Carajás Corridor than the same

stlmulus in the Carajás Corridor has on the Macro Region; 2) economic and deforestation impacts

are smaller when only one region is growing than when both are growing; and 3) the effects on

deforestation occur as the forest consuming sectors adjust to a higher levei of production, but

once the new ''equilibrium'' production levei is reached, the effects on deforestation are signifi-
cantly muted.

Developing the metallurgical pote: alternative scenarios

The development scenatio examined in the following set of simulations is based on ülose elaborated

by the Mister Plan for Integrated Development of the Carajás Railway Corridor (Plano Diretor

de l)esenvolvimento Integrado do Corredor da Estrada de Ferro Catalãs,SEPLAN/PGC, 1989),
revised in view of anticipated contingencies, prospecto and limitations of the regional metais sector

More specifically, the scenarios for the years 2000 and 20 10 were ievised in light ofconsiderations

regarding the prospects for futuro deve]opment ofthis regional industry and its integration with the

national and inteinational market for metallurgical products.

The plan considered an analysis of current conditions in the wor]d market for stee] products.

Current trends indicate a tendency towards stagnation of world demand and few possibilities of

globalization ofmarkets for highel' value-added products, especially steel. The analysis also found
that Brazilian industries, particularly those located in the Conter-Wes!'Southeast and South of
Brazil, were operating with excess capacity. Although general market conditions do not warrant
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expectations of booming growth, it is important to differentiate the prospects for the production of 

primary iron (pig iron and pre-reduced iron), semi-processed steel (billets, blooms, and slabs), 

and other metallurgic products. 

An analysis of the pig iron market indicates the strong potential for exports of this product and 

of pre-reduced iron to foreign steel producers. According to Rezende and Sampaio (1994), there 

is a potential market for primary iron of at least 30 million tons per year. Under appropriate 

conditions (including environmental conditions), the Carajas Corridor area could supply about 10 

per cent of this demand, representing exports of about 3 million tons per year for the region. 

The outlook for the international market in semi-processed steel (billets, blooms, and slabs) is 

positive, although profitability may not be favorable to the construction of large, export oriented 

plants within the Carajas Corridor. For this reason it was estimated that the region's production 

potential would be around 450,000 tons per year, mainly dedicated to exports. This production, 

however, can gradually be diverted to consumers of construction materials in the Carajas Corri- 

dor. The same conditions and restrictions apply to the production of rolled steel (plate, hot rolled 

sheet and coil, cold rolled sheet and coil, coated sheet and coil), and specialty steel. 

The growth scenarios we examined considered the initial expansion of metals production within 

the Carajas Corridor to have the external market as its destination, since the processing industries 

located in the area lack capacity to absorb the output levels considered in these scenarios. The 

vertical integration and diversification of production capacity in the area is being gradually imple- 

mented so that the region can internalize the benefits of further processing of its primary and 

intermediate production in an orderly manner. 

Although there are significant constraints to the establishment of a metallurgical complex  

lack of capital, poor quality of labor, lack of entrepreneurship, etc.—it is expected that these 

obstacles can be overcome in the near future and that joint ventures between national and foreign 

firms will be established. In the growth strategy simulated in this study, the potential level of steel 

production in the Carajas Corridor is maintained at much lower levels than those established by 

the Master Plan. We believe, however, that the scenarios utilized in the present simulations are 

more consistent with the possibilities afforded by domestic and international markets, as well as 

with the supply of inputs in the Carajas area. 

Two future growth scenarios were simulated. The first serves as a benchmark for comparison 

withthe strategy for expansion and diversification of the Carajas Corridor metals sector. The first 

scenario, referred to as the reference scenario, assumes that present market trends will continue 

The international market for primary iron (including pig iron) is favorable and possibilities for 

exports to steel processing facilities in the Northern Hemisphere are good. On the other hand the 
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price of steel will remain low due to excess capacity at the world level. It is assumed that entrepre- 

neurship will not change significantly within the Carajas Corridor. That is, local business culture 

will limit the expansion of investments in vertical integration of the steel industry and production of 

charcoal. Environmental conditions remain unchanged and production takes place within the pa- 

rameters established by laws and current enforcement practices. 

Growth scenario simulation export assumptions: millions of US $ 

Product 

1993 

Actual 

Reference Scenario Potential Development 

Scenario 

2000 2010 2000 2010 

Primary Iron 97.1 129.5 108.5 116.3 330.0 

Semi-processed Steel 0.0 0.0 103.5 103.5 103.5 

Laminated Steel 0.0 0.0 0.0 0.0 263.5 

Special Steel 0.0 0.0 0.0 0.0 472.4 

Iron Alloys 0.0 29.6 64.0 29.6 186.4 

Cast Iron 0.0 0.0 48.0 30.0 60.0 

Other Metals 30.0 48.0 48.0 48.0 48.0 

Paper (Cellulose) 0.0 0.0 210.0 210.0 210.0 

Source: Rezende and Sampaio, 1994, p.248. 

The second scenario is referred to as the potential scenario and is based on conditions that will 

allow higher production levels, stricter environmental laws and criteria for sustainability of natural 

resources, especially wood from native forests. Vertical integration of the metallurgical industry 

would be gradual and would follow the consolidation of regional demand. The specific assump- 

tions regarding the regional export of metal products are given in the following table. 

The simulation of alternative growth scenarios reflects the marginal contribution to economic 

activity and deforestation resulting from the development of a metallurgical complex as described 

in each scenario. Thus the simulations do not represent a forecast but represent an analysis of the 

marginal impacts under each scenario. 

The reference scenario for the year 2000 results in a positive marginal impact on the Carajas 

Corridor's gross regional product (GDP) of 1.7 per cent3 when compared to the 1993 baseline 

3 The impacts on output, expenditures and income are all measured in inflation adjusted (real) terms. 
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simulation (Table 5). Under this scenario regional exports are 2.9 per cent higher, while regional 

consumption and household income increase by about 1.4 per cent over the baseline. The eco- 

nomic stimulus from higher exports of iron ore and pig iron continues through the year 2010 under 

this scenario. By this year, the growth of iron and related industries (as described in the reference 

scenario) leads to a growth of 2.6 per cent in the Carajas Corridor's GDP. Exports grow 4.4 per 

cent when compared to their levels in the baseline, while household consumption and income are 

each higher by 2.1 per cent. The Carajas Corridor's GDP in 2000 is US$321 million higher than 

its baseline level By 2010, Carajas Corridor GDP is up by US$496 million. 

GDP Impact, Metallurgical Pole 

Difference from Baseline, mn 1993 US$ 

2,000 

1,500 

1,000 

500 

0 

Region Corridor 

I ^ 

2000-R 2010-R 2000-C 2010-C 

HI Reference |||j Potential 

The Macro Region s economy is stimulated by expansion in the Carajas Corridor economy. 

The Macro Region's GDP is up by 0.2 per cent from the baseline in 2000 and by 0.4 per cent in 

2010 (Table 5). Macro Region exports are up by 1.3 per cent in 2000 and by 1.8 per cent in 

2010. This increase in exports represents additional sales for the Carajas Corridor. 

The economic stimulus of an expanding metals industry in the Carajas Corridor leads to an 

expansion in forest consuming activities. Between 1993 and 2000, agricultural output increases by 

0.8 percent over baseline values (see Table 6), while livestock production increases by 0.5 per 

cent under the reference scenario. By 2010, agricultural activity in the Carajas Corridor is 1.1 per 

cent greater than in 1993 as an indirect result of an expanding metals sector. Livestock production 

is up by 0.7 per cent. The production of timber is up by 1.6 per cent in 2000 and by 1.8 per cent 

in 2010 under this scenario. To accommodate this expansion in production among the forest 

consuming sectors, nearly 2,100 km2 of forest in the Carajas Corridor will be cleared, in the 

absence of improvements in land productivity or the ratio of idle land to land utilized in produc- 
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tion.4 While the production of charcoal increases by 4.1 per cent by the year 2000 and by 4.4 per 

cent by the year 2010, these levels of production can be accomodated by the wood by-products 

of the forest consuming sectors. 

Deforestation Impact of Development 

Cummulative Area from Baseline 
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6,000 

^5,000 

^4,000 
CD 

13,000 
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C/0 
2,000 
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Region Corridor 

2000-R 2010-R 2000-C 2010-C 

LJ Reference|~~| Potential 

Under the potential scenario, a larger proportion of iron ore is processed into steel and other 

metals rather than exported as ore or pig iron. The regional economic impact of higher levels of 

processing before ultimately being exported enhance the stimulatory effect on the Carajas Corri- 

dor's economy. The process of increasing "forward linkages" among economic sectors increases 

the economic multiplier effect of production.5 The impact on deforestation, however, is also greater 

to the extent that this development strategy succeeds in increasing output in agriculture and similar 

forest consuming sectors. In this simulation it is also assumed that no increase in land productivity 

occurs and that the proportion of idle land remains as in the baseline case. 

GDP within the Carajas Corridor increases by 2.4 per cent over the baseline simulation by the 

year 2000 in the potential scenario (Table 5). By 2010 Carajas Corridor GDP is 9.3 per cent 

higher than the baseline under this scenario, for an increase of US$ 1.760 billion compared with 

1993. Carajas Corridor exports are nearly 15 per cent higher by 2010, while household income 

is up by 7.1 percent. Household income in 2010 is about US$960 million higher than the baseline 

(Table 7). In comparison to the reference scenario, the potential scenario represents US$133 

million in additional GDP by the year 2000 and US$1,260 billion in additional GDP by 2010. 

4 Another 1,650 km2 of forest in the Macro Region will also be cleared to accomodate economic expansion. 

5 The energy requirements of this development strategy have been examine in the previously cited study of Rezende and 

Sampaio. 
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Household income in 2010 under the potential scenario is US$670 million greater than under the 

reference scenario. 

The effects on the Macro Region's GDP are also larger in the potential scenario. By 2010 the 

Macro Region's GDP is larger by 1.4 per cent over the baseline (Table 5). 

Even though the potential scenario is based on using coke as an imported alternative energy 

source to charcoal by 2010, the amount of deforestation is greater than under the reference 

scenario. The higher impact on the output of forest consuming sectors results in greater deforesta- 

tion. The potential scenario represents an additional loss of4,500 km2 of Carajas Corridor forest 

area in comparison to the reference scenario. (See Table 8.) Additional deforestation of 3,800 

km2 also occurs in the Macro Region. 

Conclusions 

Advocates of the expansion of pig iron production and the development of related industries 

(such as steel) suggest that the production of pig iron and the resulting demand for charcoal are not 

the root causes of the region s deforestation. They argue that population growth, fanning, ranching 

and logging are the root causes of deforestation and that the production of charcoal is made possible 

by the use of residual by-products of these activities.6 The simulations presented in this study support 

this view. When the regional economies expand (especially when their agriculture and livestock 

sectors expand), sufficient wood by-products are generated to meet the input requirements of charcoal 

production. The demand for charcoal production comes mainly from the need to supply the pig iron 

industry with a low-cost source of energy. These simulations also show, however, that in the absence 

of both land clearing activities to satisfy the expansion of agriculture and the cultivation of wood to 

meet charcoal production needs, the annual rate of deforestation that would result from the energy 

needs of pig iron production would be equivalent to approximately 50 per cent of the rate witnessed 

during the early 1990's. That is, maintaining or increasing pig iron production without growth of 

output in forest consuming sectors, an increase in the productivity of land in these activities, or an 

effort to grow the inputs needed to produce charcoal would lead to continued deforestation of 

natural areas at about one-half the rate currently observed. 

The simulations involving anticipated growth in the metals sector based on the current structure 

of production versus the growth strategy proposed show considerable differences in impact. The 

6 Certainly the ability to sell wood from land cleared for agricultural use reduces the effective cost of forest clearino and 

thereby encourages more land intensive farming and ranching techniques. Such cost reductions, however, are mino'r and 

not likely to be a major factor in the optimal land clearing decision. 
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growth strategy presented as the potential scenario represents much faster regional economic 

growth for the area. Without public policies or market forces to change the current practice of land 

utilization in agriculture, the resulting economic stimulus increases the level of deforestation. This 

result occurs despite the reduction in the use of charcoal prescribed under that development 

strategy. The simulations analyzing alternative strategies for developing a metallurgical complex, as 

well as the multiplier simulations, suggest that deforestation in Carajas is more affected by land use 

practices in agriculture than by the production of pig iron or other metals. Increasing the productivity 

of land in agriculture and livestock production is more effective for stopping or reducing the rate of 

deforestation than curtailing the use of charcoal as a source of energy alone. 

The analysis presented here in does not directly incorporate the dynamic element of population 

growth and endogenous investment demand, or the presence of agglomeration economies that 

would further stimulate regional growth. The analysis is consequently limited. An important exten- 

sion of the general equilibrium model will be the incorporation of a labor market and the inter- 

regional migration of persons, since households are also consumers of charcoal. More impor- 

tantly, agricultural activities expand to meet the needs of a growing population. Population pres- 

sures during periods of economic slowdowns increase the political pressure to develop new jobs 

through the promotion of new (or expanded) industries. 
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Table 1 

Summary 

Percent Change from Baseline (%) 

Baseline Siml Sim2 Sim3 Sim4 Sim5 Sim6 

Macro Region 

Tot.al Production 2.3 1.9 0.4 3.8 3.1 0.7 

GDP 2.2 1.9 0.4 3.7 3.1 0.6 

Consumption 2.1 1.8 0.3 3.6 3.0 0.6 

Household Income 2.1 1.8 0.3 3.6 3.0 0.6 

Labor 1.6 1.3 0.3 3.1 2.6 0.5 

Capital 2.6 2.2 0.4 4.1 3.5 0.7 

Transfers 0.0 0.0 0.0 0.0 0.0 0.0 

Direct Taxes 2.1 1.8 0.3 3.6 3.0 0.6 

Disposable Income 2.1 1.8 0.3 3.6 3.0 0.6 

Savings 2.1 1.8 0.3 3.6 3.0 0.6 

Savings Rate* 0.0 0.0 0.0 0.0 0.0 0.0 

Carajas Corridor 

Tot.al Production 3.5 0.3 3.2 3.9 0.5 3.4 

GDP 3.7 0.3 3.4 3.3 0.5 2.9 

Consumption 3.4 0.3 3.1 3.2 0.4 2.8 

Household Income 3.4 0.3 3.1 3.2 0.4 2.8 

Labor 2.4 0.3 2.2 3.0 0.4 2.6 

Capital 4.5 0.3 4.2 3.4 0.5 3.0 

Transfers 0.0 0.0 0.0 0.0 0.0 0.0 

Direct Taxes 3.4 0.3 3.2 3.2 0.4 2.8 

Disposable Income 3.4 0.3 3.2 3.2 0.4 2.8 

Savings 3.4 0.3 3.2 3.2 0.4 2.8 

Savings Rate* 0.0 0.0 0.0 0.0 0.0 0.0 
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Table 2 

Industry output - selected industries 

Percent change from baseline (%) 

Baseline Siml Sim2 Sim3 Sim4 Sim5 Sim6 

Macro Region 

Extractive - Forestry 4.3 4.0 0.3 2.9 2.5 0.4 

Charcoal 2.8 2.6 0.3 4.5 2.8 1.7 

Soybean 8.9 8.8 0.1 0.5 0.4 0.1 

Other Agriculture 3.2 2.7 0.6 3.2 2.5 0.7 

Livestock 4.7 4.4 0.3 2.5 2.0 0.4 

Extractive- Forest Management 2.8 2.6 0.3 4.5 1.7 

Reforestation 2.9 2.5 0.5 4.2 3.6 0.6 

Extractive; Iron Ore 2.9 2.5 0.5 4.2 3.6 0.6 

Extractive - Other Metallic 5.9 5.6 0.3 2.4 1.9 0.5 

Minerals 3.1 2.6 0.5 4.3 3.8 0.6 

Alloys 2.9 2.5 0.5 4.2 3.6 0.6 

Pig Iron 5.2 4.9 0.3 2.9 2.5 0.4 

Steel 3.0 2.7 0.3 5.3 4.9 0.4 

Lumber 2.0 1.4 0.6 4.2 3.4 0.7 

Furniture 3.1 2.8 0.3 5.3 4.9 0.4 

Total Industry Output 2>3 1.9 0.4 3.8 3.1 0.7 

Carajas Corridor 

Extractive - Forestry 6.2 0.6 5.7 2.1 0.8 1.3 

Charcoal 3.9 0.3 3.6 3.1 0.5 2.6 

Soybean 8.6 0.1 8.6 0.7 0.1 0.6 

Other Agriculture 6.9 0.2 6.7 1.5 0.3 1.2 

Livestock 7.5 0.2 7.4 1.2 0.3 0.9 

Extractive - Forest Management 3.9 0.3 3.6 3.1 0.5 2.6 

Reforestation 10.0 0.0 10.0 0.0 0.0 0.0 

Extractive- Iron Ore 10.0 0.0 10.0 0.0 0.0 0.0 

Other Metallic Minerals 4.3 0.6 3.7 4.2 2.8 1.4 

Alloys 2.6 0.9 1.7 4.5 104 3.1 

Pig Iron 10.0 0.0 10.0 0.0 0.0 0.0 

Steel 3.1 1.0 2.1 4.7 0.8 3.9 

Lumber 2.9 0.2 2.7 6.2 0.2 5.9 
Furniture 2.7 0.2 2.4 4.7 0.4 4.3 
Total Industry Output 3.5 0.3 3.2 3.9 0.5 3.4 
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Table 3 

Deforestation activity 

Square kilometers (unless noted otherwise) 

Baseline Siml Sim2 Sim3 Sim4 Sim5 Sim6 

Macro Region 

Land Cleared by logging activity 332.6 346.8 345.9 333.5 342.3 340.9 334.0 

Land Cleared for agriculture 1,923.0 5,233.6 4,911.7 2 244.9 3,984.3 3,574.0 2,333.3 

Land Cleared for livestock 9,391.8 34,494 32,947.2 10,938.7 22,432.0 20,070.8 11,753.0 

Land Cleared to meet charcoal needs 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

Total area deforested per year 11,647.4 40,074.5 38,204.8 13,517.1 26,758.5 23,985.7 14,420.2 

Carajas Corridor 

Land Cleared by logging activity 638.4 678.1 642.0 674.6 651.5 643.2 646.7 

Land Cleared for agriculture 1,003.5 3,568.1 1,104.4 3,467.2 1,682.9 1,161.5 1,24.9 

Land Cleared for livestock 4,066.3 21,410.6 4,482.0 20,995.0 6,883.9 4,742.3 6,208.0 

Land Cleared to meet charcoal needs 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

Total area deforested per year 5,708.3 25,656.8 6,228.4 25,136.7 9,218.3 6,547.0 8,379.6 

Macro Region plus Carajas Corridor per year 17,355.6 65,731.3 44,433.2 38,653.8 35,976.8 31,532.8 22,799.7 

Charcoal production potential^ 

Macro Region (million cubic meters) 103.4 362.6 345.5 120.5 241.2 215.9 128.72 

Carajas Corridor (million cubic meters) 46.76 228.4 50.5 223.4 78.7 54.4 71.1 

Charcoal production less potential^ 

Macro Region (million cubic meters) -97.04 -356.0 -339.0 -114.1 -234.5 -209.3 -122.2 

Carajas Corridor (million cubic meters) -27.08 -207.9 -31.7 -203.3 -58.4 -34.6 -50.9 

Land Cleared to accommodate charcoal 
production 

Macro Region (square kilometers) 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

Carajas Corridor (square kilometers) 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

Notes: 1 from logging and lumber mill byproduct and land cleared to accommodate agricultural sector expansion 

2 negative values imply excess capacity 
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Table 4 

Deforestation activity 

Absolute change from baseline 

Baseline Siml Sim2 Sim3 Sim4 Sim5 Sim6 

Macro Region 

Land Cleared by logging activity 14.3 13.3 0.9 9.7 8.3 1.4 

Land Cleared for agriculture 3,310.6 2,988.7 321.9 2,061.3 1,651.0 410.3 

Land Cleared for livestock 25,102.3 23,555.4 1,546.9 13,040.2 10,679.0 2,361.2 

Land Cleared to meet charcoal needs 0.0 0.0 0.0 0.0 0.0 0.0 

Total area deforested per year 28,427.1 26,557.4 1,869.7 15,111.2 12,338.4 2,772.8 

Carajas Corridor 

Land Cleared by logging activity 39.7 3.5 36.2 13.1 4.8 8.3 

Land Cleared for agriculture 2,564.6 100.9 2,463.7 679.4 158.0 521.3 

Land Cleared for livestock 17,344.3 415.7 16,928.6 2,817.6 675.9 2,141.7 

Land Cleared to meet charcoal needs 0.0 0.0 0.0 0.0 0.0 0.0 

Total area deforested per year 19,948.6 520.1 19,428.4 3,510.0 838.8 2,674.3 

Macro Region plus Carajas Corridor per year 48,375.7 27,077.6 21,298.1 18,621.2 13,177.1 5,4444.1 

Charcoal production potential' 

Macro Region (million cubic meters) 259.1 242.1 17.0 137.7 112.5 25.3 

Carajas Corridor (million cubic meters) 181.6 4.7 176.9 31.9 7.6 24.3 

Charcoal production less potential^ 

Macro Region (million cubic meters) -259.0 -241.9 -17.0 -137.4 -112.3 -25.2 

Carajas Corridor (million cubic meters) -180.8 -4.7 -176.2 -31.3 -7.5 -23.8 

Land Cleared to accommodate charcoal 
production 

Macro Region (square kilometers) 0.0 0.0 0.0 0.0 0.0 0.0 

Carajas Corridor (square kilometers) 0.0 0.0 0.0 0.0 0.0 0.0 

Notes: 1 from logging and lumber mill byproduct and land cleared to accommodate agricultural sector expansion 
2 negative values imply excess capacity 
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TableS 

Summary 

Percent change from baseline 

Baseline Ref 2000 Ref2010 Pot 2000 Pot 2010 

Macro Region 

Tot.al Production 0.27 0.42 0.38 1.37 

GDP - 0.24 0.37 0.34 1.23 

Consumption 0.21 0.32 0.30 1.06 

Exports 1.31 1.82 1.67 5.43 

Household Income 0.21 0.32 0.30 1.06 

Labor 0.19 0.29 0.27 0.97 

Capital - 0.24 0.36 0.34 1.19 

Transfers - 0.00 0.00 0.00 0.00 

Direct Taxes - 0.21 0.32 0.30 1.06 

Disposable Income - 0.21 0.32 0.30 1.06 

Savings - 0.21 0.32 0.30 1.06 

Savings Rate* - 0.00 0.00 0.00 0.00 

Carajas Corridor 

Tot.al Production - 2.31 3.50 3.21 12.06 

GDP - 1.69 2.61 2.39 9.26 

Consumption 1.43 2.10 1.96 7.08 

Exports - 2.93 4.42 4.02 14.89 

Household Income - 1.43 2.10 1.96 7.08 

Labor 1.58 2.37 2.20 7.92 

Capital 1.29 1.85 1.73 6.31 

Transfers - 0.00 0.00 0.00 0.00 

Direct Taxes - 1.43 2.10 1.96 7.08 

Disposable Income - 1.43 2.10 1.96 7.08 

Savings 1.43 2.10 1.96 7.08 

Savings Rate* 0.00 0.00 0.00 0.00 
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Table 6 

Industry output - selected industries 

Percent change from baseline 

Baseline Ref 2000 Ref2010 Pot 2000 Pot 2010 

Macro Region 

Extractive - Forestry 0.3 0.4 0.4 0.9 

Charcoal 0.2 0.6 0.5 2.7 

Soybean 0.1 0.1 0.1 0.3 

Rice, Com, Beans and Cassava , 0.3 0.4 0.4 1.4 

Other Agriculture 0.2 0.3 0.3 1.1 

Livestock - 0.2 0.3 0.2 0.9 

Extractive- Forest Management 0.2 0.6 0.5 2.7 

Reforestation 5.3 18.1 10.1 49.0 

Extractive: Iron Ore . 5.3 18.1 10.1 49.0 

Extractive- Other Metallic Minerals 
• 

0.3 0.8 0.6 3.2 

Alloys 1.7 7.9 5.0 23.7 

Pig Iron 5.3 18.1 10.1 49.0 

Steel 0.9 4.4 2.9 13.3 

Lumber 0.2 0.3 0.2 0.9 

Furniture 0.3 0.5 0.4 1.6 

Paper and Cellulose 4.4 4.6 4.5 5.6 

Total Industry Output 0.3 0.4 0.4 1.4 

Carajas Corridor 

Extractive - Forestry 1.6 1.8 1.7 3.5 

Charcoal 4.1 4.4 4.2 4.0 

Soybean 0.3 0.4 0.4 1.4 

Rice, Com, Beans, Cassava 0.7 1.0 0.9 ' 3.1 

Other Agriculture 1.3 1.8 1.7 6.3 

Livestock 0.5 0.7 0.7 2.2 

Extractive - Forest Management 4.1 4.4 4.2 4.0 

Reforestation 43.7 29.3 31.2 \ 355.0 

Extractive - Iron Ore 0.0 0.0 0.0 0.0 

Extractive- Other Metallic Minerals - 21.0 49.1 40.53 213.4 

Alloys - 3199.1 7148.5 3421.6 21146.5 

Pig Iron 43.7 29.3 31.2 355.0 

Steel 214.0 7401.2 7168.0 56673.5 

Lumber 0.7 0.8 0.8 1.3 

Furniture 1.0 1.6 1.5 5.5 

Paper and Cellulose 287.9 288.2 288.1 290.2 

Total Industry Output 2.3 3.5 3.2 12.1 
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Table? 

Summary 

Billions of 1993 U.S. dollars 

Baseline Ref2000 Ref2010 Pot 2000 Pot 2010 

Macro Region 

Tot.al Production 89.9 90.2 90.4 90.3 91.2 

GDP 55.7 55.9 55.9 55.9 56.4 

Consumption 35.6 35.7 35.7 35.7 36.0 

Exports 12.0 12.2 12.3 12.2 12.7 

Household Income 44.3 44.5 44.5 44.5 44.8 

Labor 21.1 21.2 21.2 21.2 21.4 

Capital 22.4 22.4 22.5 22.5 22.6 

T ransfers 0.8 0.8 0.8 0.8 0.8 

Direct Taxes 6.1 6.1 6.1 6.1 6.1 

Disposable Income 38.3 38.4 38.4 38.4 38.7 

Savings 2.7 2.7 2.7 2.7 2.7 

Savings Rate*(%) 6.10 6.10 6.10 6.10 6.10 

Carajas Corridor 

Tot.al Production 29.0 29.7 30.0 29.9 32.5 

GDP 19.0 19.3 19.5 19.4 20.7 

Consumption 10.3 10.5 10.6 11.0 11.1 

Exports 11.9 12.2 12.4 12.3 13.6 

Household Income 13.5 13.7 13.8 13.8 14.5 

Labor 7.0 7.1 7.2 7.2 7.6 

Capital 6.3 6.4 4.5 6.5 6.8 

Transfers 0.1 0.1 0.1 0.1 0.1 

Direct Taxes - 1.7 1.8 1.8 1.8 1.9 

Disposable Income 11.8 11.9 12.0 12.0 12.6 

Savings 1.4 1.4 1.5 1.4 1.5 

Savings Rate* (%) 10.51 10.51 10.51 10.51 10.51 
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TableS 

Deforestation activity 

Square kilometers (unless noted otherwise) 

Baseline Ref 2000 Ref2010 Pot 2000 Pot2010 

Macro Region 

Land Cleared by logging activity 332.6 333.5 333.8 333.8 335.7 

Land Cleared for agriculture 1,923.0 2,096.3 2,183.0 2,165.1 2,785.6 

Land Cleared for livestock 9,391.8 10,312.4 10,778.0 10680.2 13,941.3 

Land Cleared to meet charcoal needs 0.0 0.0 .0. 0.0 0.0 

Total area deforested per year 11,647.4 12,742.3 13,294.8 13079.1 17,062.0 

Carajas Corridor 

Land Cleared by logging activity 638.4 648.4 649.8 649.5 661.0 

Land Cleared for agriculture 1,003.5 1,311.5 1,432.3 1,407.0 2,17.3 

Land Cleared for livestock 4,066.3 5,228.1 5,692.6 5,593.7 9,148.0 

Land Cleared to meet charcoal needs 0.0 0.0 .0. 0.0 0.0 

Total area deforested per year 5,708.3 7,188.0 7,774.6 7,650.2 12,226.3 

Macro Region plus Carajas Corridor per year 17,355.6 19,930.0 21,069.4 20,829.3 29,288.9 

Charcoal production potential^ 

Macro Region (million cubic meters) 103.44 113.42. 118.46 117.40 152.80 

Carajas Corridor (million cubic meters) 46.76 60.17 65.51 64.38 106.01 

Charcoal production less potential^ 

Macro Region (million cubic meters) -97.04 -107.01 -112.02 -110.97 -146.24 

Carajas Corridor (million cubic meters) -27.08 39.67 -44.96 -43086 -85.54 

Land Cleared to accommodate charcoal 
production 

Macro Region (square kilometers) 0.00 0.00 0.00 0.00 0.00 

Carajas Corridor (square kilometers) 0.00 0.00 0.00 0.00 0.00 

Notes: 1 from logging and lumber mill byproduct and land cleared to accommodate agricultural sector 
expansion. 

2 negative values imply excess capacity. 
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