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ABSTRACT

Adjustment programmes in developing countries have been the subject of intense debate 

since the debt crisis in the early 1980s. Consideration of environmental consequences of 

adjustment policies has added a new dimension to the discussion. This thesis focuses on 

this issue, examining the links between adjustment policies and the use of natural 

resources.

The first part of the thesis comprises a review of the international literature and the 

development of a macroeconomic model relating effective demand and the use of natural 

resources. The second part is dedicated to the analysis of environmental consequences of 

adjustment policies in Brazil. It starts with a brief review of macroeconomic policy in 

Brazil since the oil crisis in the mid-1970s. Then three environmental problems are looked 

at: deforestation in the Amazon, mineral depletion and industrial water and air pollution. 

In the three cases there are important links between adjustment policies and the worsening 

of environmental conditions.

The thesis suggests two broad conclusions. First, while the final outcome of the 

adjustment policies may be positive or negative, a failure to integrate macroeconomic 

models with sustainability concerns has meant that existing 'models' of adjustment have 

not been able to identify the potential inconsistency between the requirements of 

macroeconomic reform and resource conservation. From the adjustment country 

perspective, consumption of natural capital is a simple and effective response to the 

requirements of short term improvement in the economic performance. The second 

conclusion is that adjustment programmes should be designed so that short-term disruption 

is at least partly offset by mitigating environmental policies.
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1 INTRODUCTION

This thesis focuses on a controversial subject: the environmental consequences of the 

economic adjustment programmes sponsored by the World Bank, the International 

Monetary Fund (IMF) and other international development agencies. The debate oscillates 

between two extremes. On the one hand, critics complain that adjustment programmes 

result in an increasing pressure for developing countries to expand economic activity at 

any cost. This is considered to aggravate social and environmental problems so that the 

adjustment actions end contradict the veiy principles of development that the international 

agencies are supposed to promote.

On the other hand, defenders argue that, on balance, adjustment policies tend to favour the 

environment. They argue that the policy distortions that adjustment programmes are 

supposed to correct tend to be more harmful to the environment than the market-based 

approach introduced by the reforms.

The objective of this thesis is to contribute theoretically and empirically to this debate: it 

seeks to analyze in detail one specific adjustment experience (Brazil), and at the same time 

it explores the use of different techniques (macro and microeconomic modelling, 

econometrics, 'green' accounting, input-output analysis) in environmental economics, with 

a special emphasis on the application of Keynesian theory to the subject.

The thesis is divided in two parts. The first one refers to an analysis of environmental 

consequences of adjustment policies at the international level. Chapter 2 reviews the 

literature on the relationship between adjustment policies and the environment, 

highlighting the complexity and diversity of the possible environmental outcomes of 

adjustment programmes. Since there is a close relationship between social conditions and 

the use of natural resources, adjustment policies should be examined not only for their 

direct impacts but also for their indirect effects on poverty and living conditions. 

Therefore, case studies are essential for a proper appreciation of the problem.

Chapter 3 examines in greater depth the issue of depletion of marketable natural resources. 

The chapter is based on an analytical model combining Keynesian macroeconomic growth

13



theory and a (weak) sustainability condition, showing that natural resource depletion may 

present a dilemma for policy-makers' : resource depletion is a source of much needed short 

term economic growth but at the cost of reducing the stock of assets of the economy. An 

empirical analysis of natural resource depletion in adjusting countries is carried out, 

showing that existing data do not support the argument that adjustment policies would 

reduce resource depletion.

The second part of the thesis refers to the Brazilian experience of economic adjustment and 

its impacts on three different problems: deforestation, mineral depletion and industrial air 

and water pollution. Each of these problems are treated separately, according to different 

methodological approaches: the deforestation problem is treated using a microeconomic 

model and econometric analysis, the mineral depletion problem is dealt with in the light of 

the existing debate on natural resource accounting (or 'green' GNP) and the industrial 

pollution issue is handled through input-output techniques. Therefore, this study differs 

from other exercises based on a global approach which considers the impacts of 

adjustment policies to the economy as a whole (usually computable general equilibrium 

(CGE) models, such as in the Thailand case study presented in Reed, 1992). Among other 

reasons for adopting a sectoral approach instead of a CGE modelling exercise, the most 

important were the data availability, the option for working with different techniques, and 

the incompatibility between the theoretical assumptions required in a general equilibrium 

approach, particularly the full employment hypothesis, and the use of Keynesian concepts 

based on the principle of effective demand (as discussed in chapter 3).

Chapter 4 summarizes the policy changes which affected the Brazilian economy since the 

oil crisis in the late 1970s. The analysis shows that, at least in the Brazilian case, the 

objectives of external adjustment (i.e. the alleviation of problems in the balance of 

payments) and domestic price stabilization have been contradictory, even though on paper 

they are presented as complementary.

Chapter 5 examines the links between adjustment policies and deforestation in the 

Brazilian Amazon. The chapter starts with a survey of the contribution of economic policy 

to deforestation in the region. A microeconomic model is presented to describe the 

motivation behind the small farmer decision to clear forest land. The analysis shows that

14



the deforestation problem is related, among other factors, to the incidence of rural poverty 

and the concentration of land ownership (at the same time cause and consequence of 

widespread speculation about land prices). The chapter concludes with an econometric 

exercise showing that adjustment policies have had an ambiguous role in the process: some 

policies have contributed to control deforestation while others have had the opposite effect.

Chapter 6 focuses on mineral depletion in Brazil in the 1970s and 1980s. The analysis is 

based on the estimation of the depletion costs according to resource accounting techniques. 

The analysis shows that the pressure to expand mineral exports resulted in increasing 

extraction and user costs. In other words, the adjustment strategy for the mining sector 

increased the level of depletion, such that natural assets were consumed in order to pay for 

the current need to acquire foreign currency.

Chapter 7 deals with the issue of industrial and air pollution. Data on industrial production 

and emission coefficients are combined in an input-output model which estimates the 

potential and actual pollution caused by each category of the final demand. The results 

show that export-related activities tend to be more polluting than the rest of the industry. 

Therefore the adjustment-oriented policy of incentives to the export sector is associated 

with an increase of air and water industrial emissions.

Chapter 8 presents the final remarks, summarizing the conclusions from the previous 

chapters. It is emphasized that the optimistic view that adjustment policies tend to favour 

the environment is not supported in the case studies carried out in this thesis. However, 

this conclusion does not justify the other extreme - i.e. adjustment policies are necessarily 

harmful to the environment. Tracing a parallel with the debate concerning the social costs 

of adjustment (and the use of natural resources is linked to the social conditions), it is 

argued that there is a need to design and implement specific mitigation policies that 

minimize the environmental problems created or exacerbated by adjustment programmes.

15



This requires an effective integration of environmental issues into the proposed policy 

reform framework from the beginning of its design and implementation, instead of vague 

and mainly rhetorical claims to protect the environment which are contradicted in practice.

16



PART I

THE INTERNATIONAL EXPERIENCE
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2 ADJUSTMENT POLICIES AND THE ENVIRONMENT: A REVIEW OF

THE INTERNATIONAL EXPERIENCE

2.1 Introduction

The economic situation of developing countries in the 1980s was characterized by the so- 

called 'debt crisis', which forced most of them to undertake drastic changes in the conduct 

of their economic policy. Public austerity, privatisation, and openness to foreign 

investment and trade became essential to obtain financial aid. However, the overall 

changes in the economy did not mean an automatic return to growth, nor a solution to 

increasing social problems. Critics have said that the structural reforms went too far, 

defenders have said that reforms needed to go even deeper.

At the same time, the sustainable development literature was concluding that the 

development pattern followed by developing countries was not consistent with long-run 

sustainability (for example, see World Comission on Environment and Development, 

1987). By the end of the 1980s, some authors started linking one problem to the other. 

The main idea was that developing countries were pressured by the debt problem to adopt 

unsustainable ways of increasing economic production. These practices were alleged to be 

not only socially harmful, but also environmentally damaging.

This chapter reviews the recent literature on this issue. Starting with a brief description of 

stabilization and adjustment programmes (section 2.2), it highlights the main criticisms in 

terms of their economic efficiency, social equity, and political support (section 2.3). An 

overall review of environmental consequences of reform polices is presented in section 

2.4. The links between debt, adjustment programmes and the environment are detailed in 

section 2.5, where empirical and country case studies are summarized. Finally, section 2.6 

presents the main conclusions of the review.

18



2.2 Adjustment programmes: alternative defînitions

The balance of payment crisis of the early 1980s forced highly indebted developing 

countries to look for financial assistance from the international monetary agencies. In 

answer, the international agencies asked for reforms in the way the economy was being 

managed in such countries. The reforms involved two different sets of policy 

recommendations, namely stabilization and structural adjustment, both identified with the 

expression 'adjustment' (World Bank, 1988, p .l). They share some common objectives, 

such as improvement of the trade balance and changes in the government influence in the 

economy, restraining the range of its activity but making it more efficient. Also, the 

implementation of such programmes is intended to be complementary rather than 

exclusive. Nevertheless, they have different assumptions about the timing required for 

adjustment and the extent of reforms required to modernize the economy.

2.2.1 Stabilization

The first set of policy recommendations is usually called stabilization. It was widely 

recommended by the international agencies in the begiiming of the 1980s, and the 

International Monetary Fund (IMF) became its most important advocate. It emphasised 

reductions of domestic demand to reduce imports, encourage exports, and thereby 

decrease the pressure on foreign reserves. Its rationale comes from a monetary approach to 

the balance of payments: by containing excessive domestic demand via fiscal contraction 

and restrained monetary supply, both inflation and imports would be reduced; at the same 

time, devaluing the exchange rate would have positive effects on the export level. Both 

effects would contribute to an improved balance of payments situation, therefore reducing 

the need for external savings.

Behind this programme proposal there is the idea that adjustment can be done quickly, 

only requiring demand control, and after one or two years of recession, economic growth 

will return, led by the export sector. Consequently, short term loans would be sufficient to 

alleviate the pressure during the adjustment period.

19



2.2.2 Structural Adjustment

However, the experience of slow recovery of export growth and the overall recession 

showed that medium and long term measures were also required to provide more 

competitiveness to the supply structure of indebted economies. These measures included 

changes in relative prices and institutions, as well as specific lending operations for 

sectoral improvements. This second approach is called structural adjustment, and its 

purpose is to give more flexibility and efficiency to the economy, in order to restore 

growth after the short run recession caused by stabilization programmes. It is important to 

note that stabilization objectives are not abandoned; the new issue is that reforms at the 

sectoral level are also necessary and require more time to achieve their objectives.

Even though the guidelines of more openness and efficiency with macroeconomic austerity 

are presented for the economy as a whole, sectoral programmes receive special attention. 

Efficiency and competitiveness in the industrial sector is intended to be achieved through 

removing subsidies and import restrictions. Less competitive sectors may suffer some 

losses, but overall industrial growth is expected, particularly in the export sector.

The realignment of relative prices is expected to benefit agriculture efficiency. There is a 

view that import-substitution policies had a bias against agriculture in favour of industry. 

Thus, adjustment policies for the agricultural sector should remove internal and export 

taxation, correcting price distortions.

Another central issue in the adjustment programmes is the reform of the public sector. The 

aim is to improve the efficiency of public enterprises simultaneously with the reduction of 

state intervention into the economy. Privatisation is proposed as a main solution for the 

lack of quality and/or high costs for several goods and services provided by the public 

sector. At the same time privatisation would help to decrease the public deficit.

20



2.3 Criticisms on reform policies

Since they first started, adjustment policies have been the subject of controversy. This 

section outlines the main criticisms not related to environmental issues (which are 

presented in section 2.4). Non-environmental critiques focused on: (a) the economic 

consequences of adjustment policies; and (b) the social and political costs of adjustment.

2.3.1 Economic consequences

The economic consequences of adjustment policies are not uniform or unequivocal in 

ensuring long term economic growth for developing countries. Even considering that the 

performance of countries undertaking adjustment policies was better, on average, than 

those which avoided such policies, a World Bank study recognizes that performance varied 

substantially among the loan recipients (World Bank, 1991).

Such differences were diagnosed in cross-country studies which aggregated adjusting 

countries into low-income and middle-income groups. Both groups enjoyed economic 

recovery, on average, after adjustment. Nevertheless, low-income countries presented a 

much less satisfactory performance, with growth rates only slightly higher than in the 

1970s, when they were barely growing in per capita terms (World Bank, 1992a). It is also 

important to emphasise that measures of the growth effects of adjustment policies vary 

according to the methodology and the period chosen for the analysis. Export achievements 

were also dissimilar. The ratio of exports to GDP increased significantly in middle-income 

countries, but the improvement was negligible in low-income countries (World Bank, 

1992a). In regional terms, Latin American and Asian countries experienced much more 

successful results than those in Africa.

One important issue highlighted by the critics of adjustment is that no consideration is 

given to the deterioration of the terms of trade. Adjusting countries are advised to 

specialize in their comparative advantages', which usually implies labour or natural 

resource based activities. But during the 1980s, the historical trend of falling prices of 

many commodities in international trade undermined export promotion strategies. It meant
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that the volume of exports (in physical units) should have increased more than export 

values to assure positive growth in the trade balance, in a period characterized by 

disguised protectionism and overall recession (for a summary of the debate see Miller, 

1991). As an aggravating factor, domestic problems in developed economies forced 

significant increases in the real interest rate and a severe cutback in the possibilities of new 

funding by the private sector. Therefore, the debt servicing-export ratio continued to 

worsen during the 1980s, despite the export effort in adjusting countries (Reed, 1992).

Trade reform problems are not limited to the export side. Immediate and undifferentiated 

reductions in import tariffs have not provided time to allow national industries to improve 

their competitiveness, causing deindustrialization and erosion of the fragile industrial base 

of many adjusting economies, especially in Africa (United Nations, 1989; Reed, 1992).

Another relevant criticism was that short term considerations dominated the fiscal policy 

measures, mainly by reducing public expenditures, much to the disadvantage of medium- 

and long-term growth. As a consequence, the average ratio of investment to GDP fell, 

with a negative impact on the modernization of the economy and the creation of 

infrastructure bottlenecks. This problem was aggravated by the fact that neither the 

domestic private sector nor foreign capital appeared to fill the spaces created by the lack of 

state investment in many essential functions, contradicting the belief that the public sector 

generates crowding-out effects that weaken private activities. In fact, empirical work by 

Mosley et al. (1991) suggests a negative relationship between adjustment and aggregate 

investment.

Finally, decreasing public expenditure induced the deterioration of health and education 

services, with long term effects on labour productivity. This point is particularly 

highlighted by the discussion of the so-called social costs of adjustment, presented in the 

next section.
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2.3.2 Social and political consequences

The most widespread criticisms of adjustment programmes stressed non-economic 

impacts. The absence of social objectives and mechanisms to protect the most vulnerable 

groups of society, particularly the poorest, was the subject of several studies, the most 

famous sponsored by UNICEF (Comia et a l, 1987). Adjustment policies were claimed to 

affect poor families in many different ways, especially in urban areas. The poorer the 

family, the bigger was the effect of rising prices for agricultural products relative to the 

household budget. Cuts in subsidies on food products, and devaluation of the exchange 

rate in countries where the staple crops were imported, had the same negative effects on 

poverty. On the other hand, recession created pressures for lowering wages and other 

incomes, especially in the informal sectors, where most of the poor were employed. Also, 

the poor were more likely to suffer due to the reductions in public services since they were 

more dependent on them.

In a review of the social consequences of adjustment in seven country studies carried out 

by the OECD, Bourguignon and Morrisson (1992) offered the counter-argument that 

adjustment policies do not automatically increase inequality or produce negative effects on 

the poor since their impact varies widely from case to case. Nevertheless, where 

improvement in family living standards was detected, corrective policies were taken by the 

government in order to mitigate the social costs of adjustment. The cases described as 

improvement were Indonesia, Malaysia and rural areas of Ghana and Morocco. The first 

two of these (Malaysia, because it had few debts, and Indonesia, because petroleum 

reserves enabled it to repay a large debt) were not in crisis when they undertook 

adjustment. Therefore, the measures were less drastic. Additionally, social expenditure 

was safeguarded deliberately in order to protect the poor. In Indonesia, allocations for 

education and health were the least affected by expenditure cuts, and in Malaysia per 

capita expenditure on education and health increased in the period analyzed. Ghana had a 

specific programme to mitigate the social costs of adjustment. Finally, Morocco had 

specific food aid programmes for the poor, and educational and health services were not 

reduced as a whole, because real wages for public employees fell in the same proportion
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as budget cuts. Therefore, it is not clear from the evidence that social improvement was a 

consequence of adjustment itself, or the result of specific social policies.

In any case, it is clear that recent adjustment programmes have become more concerned 

about their social consequences. The change of emphasis in World Bank operations, 

recognizing the negative impacts of adjustment and putting poverty relief as a top priority, 

indicates that previous policies have neglected such concerns. Thus an internal document 

reviewing World Bank structural and sectoral adjustment operations recognizes that 

"adjustment is not a painless exercise, and some social groups are bound to suffer, at least 

in the short run" (World Bank, 1992b, p. 116).

Adjustment programmes are also criticized in the way they are implemented politically. 

They are designed by international agency staff and a small group of country policy

makers. They lack a broader domestic coalition which could act to support the policies 

which were mostly unpopular in the short run. Therefore, there may be an internal 

political resistance against the implementation of such policies, demonstrated by the riots 

and popular demonstrations against adjustment programmes in several adjusting countries. 

This resistance resulted in lower efficiency and delays in implementing the programmes, 

usually with exceptions in authoritarian countries, where the capacity of the state to 

impose unpopular measures was stronger.

Like the socially directed criticisms, there is a recent recognition of the political failures of 

adjustment programmes. The growing concern in World Bank documents about 

internalizing the process of policy reform as an objective of the adjusting country 

governments ('local ownership' of adjustment programmes) shows that programme 

designers have become more aware of this dimension. Nevertheless, this recognition has 

not yet resulted in practical achievements:

"Despite the significance attached to borrower ownership, the notion 

remains conceptually elusive and insufficiently explored in the Bank's 

policy and practice of adjustment lending. Notably, it is seldom made clear 

as to what constitutes adequate ownership, or what can be done to increase
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and sustain that fundamental commitment to the adjustment program".

(World Bank, 1992b, p. 173)

2.4 Environmental consequences

All macroeconomic and sectoral policies have indirect impacts on the environment. Most 

of these impacts are unexpected and ambiguous: they can result in damage to some 

resources, but benefit to others. These problems are usually related to the existence of 

market failures and policy failures. Market failures refer to the incapacity of certain freely 

functioning markets to reflect the full social costs of production in the price of traded 

products, or their failure to exist for many inputs and outputs, especially environmental 

services. Policy failures refer to governmental interventions which result in less efficient 

outcomes than if they had allowed the market to allocate resources (Pearce and Watford, 

p. 173, 195).

In other words, it is possible that the free operation of the market does not result in an 

optimal solution from a social perspective, for example when costs (or benefits) that 

accrue to third parties are ignored in the actions of two parties engaged in an exchange 

(externalities). One possible solution for the problem is government intervention in these 

markets in order to internalise such costs (or benefits). One example of policy intervention 

to correct market failures in the access to public goods is the establishment of taxes and 

other economic penalties to punish those who pollute the environment (or, on the other 

hand, creating incentives for those who do not pollute).

However, the government intervention does not necessarily lead to a better outcome (in 

terms of social well-being) than imperfect markets: it is possible that the policy 

interference results in expensive or burdensome instruments of control. One notorious 

example of policy failure refers to the allowance of subsidized credit to farmers in the 

Brazilian Amazon (detailed in the next subsection and in chapter 5). The original idea was 

to compensate farmers for the low profitability of economic activities in remote areas. 

However the result was the expansion of activities such as cattle ranching which were 

economically unfeasible and ecologically disastrous.
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This dilemma about the relative merits of market and interventionist solutions is reflected 

in the debate about the environmental consequences of adjustment policies. Adjustment 

policies emphasize the correction of inefficiencies introduced by policy failures and the 

promotion of market-based reforms which, in principle, tend to favour environmental 

preservation. However, the necessary institutional changes required for correcting market 

failures are often absent in adjustment programmes, or are not implemented for political or 

other reasons. This distortion may result in negative environmental impacts, as is often 

pointed out by the critics of such programmes.

This ambiguity is reproduced in the literature on environmental effects of reforming 

policies, which is reviewed in this section. The review is organized according to the 

sectoral impacts of the adjustment policies, attempting to provide empirical examples 

whenever they are available. The following section focuses more specifically on studies of 

external debt, structural adjustment and the environment.

2.4.1 Agriculture

Policy reforms resulting from adjustment objectives are expected to have direct positive 

impacts on agricultural production through increases in output prices, tax reductions on 

production, and exchange rate devaluation (in the case of tradeable crops). The literature 

suggests that this overall increase in agricultural production tends to present an immediate 

negative impact on the environment, due to more intensive use of soil and higher demand 

for marginal land (Southgate, 1988). For example, Josserand (1989, quoted in Reardon 

and Vosti, 1992) associates increasing grain prices with the expansion of cropped area and 

the removal of native vegetation in the Sahel in the last few decades.

Another direct consequence is the switch from subsistence non-tradable production to 

tradeable crops. Devaluation of the exchange rate represents an incentive to the 

substitution towards exportable crops. The environmental consequences of the output 

changes will depend on the nature of the crops implemented. Soil conservation can be 

stimulated if there is a switch to more perennial crops or to agroforestry. This result is
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suggested by Veloz et al. (1985) in a study of the effects of overvaluing the exchange rate 

in the Dominican Republic. Also, the reduction of export taxes seems to have stimulated 

less erosive crops in Thailand (see section 2.5.2.3). On the other hand, the opposite result 

may come from a switch to more erosive cultivation. For example, Southgate (1988) 

reports that the devaluation in the exchange rate caused the expansion of groundnuts (a 

major exportable but highly erosive crop) in the savannah areas of West Africa. A similar 

result was described for Côte d'Ivoire, where price liberalization induced a switch from 

perennial crops (cocoa and coffee) to annual food crops, like rice, which are more 

destructive of soil fertility (see section 2.5.2.3).

The policy of 'getting prices right' also raises the prices of inputs or final goods, and 

imported goods have their domestic prices increased by the devaluation of the exchange 

rate. Such measures are intended to increase the overall efficiency of the sector, but they 

may have a short term impact of decreasing the level of output. Increasing prices for 

inputs discourages production of crops which are very dependent on the use of machinery, 

fertilizers or chemicals. Reducing subsidies on water supply can also affect crop choices. 

Intensive use of labour is stimulated, while the use of industrialized inputs, such as 

machinery, chemicals and fertilizers, is discouraged. The environmental consequences 

may be positive, since inefficient use of natural resources is discouraged, and health 

problems related to the use of chemicals and pesticides are expected to be reduced 

(Southgate, 1988). Nevertheless, in a situation where open access forest land is still 

available, higher costs for fertilizers and other inputs necessary to intensify agricultural 

production may encourage poor farmers to adopt nutrient mining' techniques, i.e. the 

unsustainable extraction of nutrients from the forest soil through logging, cropping, and 

ranching (see the Côte d'Ivoire case study in section 2.5.2.3; the concept of 'nutrient 

mining' is discussed in Schneider, 1994).

Reform policies also have indirect effects on the environment. One of the links is through 

changes in the poverty level. Many studies of trade policies and food supply indicate that 

the net effect of a price change will depend on how far the measures adopted affect net 

Incomes of the poor (Weil et at., 1990). The rural-urban terms of trade favour agricultural
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based activities, but the crowding out of domestic demand by exports is also a possible 

result, if the staple crop is a tradable good.

The distribution of the benefits of increasing output prices may differ between large and 

small farmers. Some studies note that poor farmers benefit relatively less when the gains 

are concentrated in exportable crops, because they usually participate less in these crops 

than in the rest of the agricultural sector. An internal World Bank report reviews the 

experience of structural adjustment operations in five countries (Côte d'Ivoire, Ghana 

Indonesia, Philippines, Jamaica) and points out that the poor may have benefitted mostly 

in an indirect way from the expansion of export crops in these countries, through increased 

demand for their services. Income inequality in rural areas has increased in some of these 

countries, although the absolute incomes of most groups have increased.

The long run environmental impacts of changes in the real income of poor small farmers 

are related to their time horizons. Rising income favours longer time horizons - i.e. tend 

to lower pure time preference discount rates -, decreasing the rate at which environmental 

resources are mined in areas where property rights are well defined. Mink (1992) provides 

a summary of the arguments presented in the literature explaining how short time horizons 

and risk aversion strategies associated with poverty lead to resource degradation.

The net effect on poor small farmers will depend on whether their main revenues come 

from agricultural revenues or from labour revenues, since increasing labour demand 

implies higher wages. On the other hand, as consumers, increasing food prices can lead to 

a negative impact if poor farmers are net buyers, and if rural wages do not increase as 

much as the prices of staple crops. Weil et a l  (1990) give examples of different country 

case studies (Johnson and Salop, 1980, for Bolivia, Ghana, Indonesia, and the Philippines, 

and Addison and Demery, 1985, for Thailand) to highlight the fact that the net income 

effect to poor farmers of devaluing the exchange rate varies according to the specific 

circumstances of each economy.

Higher profits in agriculture caused by the production boom tend to increase the demand 

for land, raising land prices of already deforested areas and encouraging investment in soil
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conservation. But it can also create pressures for clearing forested areas, especially if land 

structure is very concentrated, property rights are not assured to small farmers, and there 

is no power to enforce property rights or to avoid 'squatting' (Southgate and Pearce, 1988; 

Reardon and Vosti, 1992).

Another indirect link is through specific programmes to provide land tenure to small 

farmers. Agroforestry and perennial crop cultivation are stimulated when land ownership 

is clearly established, replacing traditional cultivation, such as slash-and-bum. In the long 

run these activities tend to be less erosive, helping soil conservation (Southgate, 1988, 

Southgate and Pearce, 1988). Also, if the demand for fertilizers is reduced, some health 

problems may be avoided (e.g. through reduced nitrate pollution). However, agroforestry 

may actually stimulate the demand for pesticides - fruit production tends to be pesticide

intensive.

Small farmers with property rights do not need to pay rents, and in this way they can 

improve their income. Land tenure rights can stimulate investment in conservation, and in 

some cases it assures better access to credit (see below). As discussed before, this 

improvement in poor farmers' income can lead them to more cautious strategies in terms 

of the use of natural resources.

Land property rights allow an increase in the time horizon of small farmer decision

making, with beneficial effects for conserving natural assets in the property. Investment 

and more intensive use of capital are stimulated, especially if credit becomes easier with 

land entitlement. In addition, the effects on soil and water conservation tend to be positive, 

decreasing the pressure for deforestation of marginal land (Southgate, 1988).

On the other hand, if clearing land is a pre-requisite for entitlement or a mechanism to 

avoid higher taxation, conservation practices, such as forest management, are strongly 

dissuaded. Deforestation and soil degradation are potential results of such situations. 

Furthermore, the transition from common property to private property systems may 

benefit better-off rural families that are more likely to establish firm or more effective 

claims to land, especially where the administrative procedures for establishing legal titles
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are lengthy and costly (Mink, 1992). This phenomenon has been evident in Côte d'Ivoire, 

where political elites made an alliance with traditional chiefs in order to benefit from the 

governmental land reallocation policy (see section 2.5.2.3). Jagannathan (1989) refers to a 

similar process that occurred in Nigeria. Finally, Jodha (1990, in Mink, 1992) reports that 

increasing land scarcity and commercialization of agricultural production in India has led 

to privatization of land previously accessible as common property to poor villagers. This 

resulted in more pressure on small farmers to mine' their available resources in the 

present, despite the expectations of higher (but uncertain) potential outcome in the future.

Another important issue is the potential impact on products or services provided by non- 

privately owned land. Fuelwood, in particular, is an important resource for poor families, 

and it is usually gathered by women and children in forested common property or open 

access land. The way the assurance of land rights affects access to fuelwood will reflect 

directly on a poor family's budget. A study in Sub-Saharan Africa reports that 90 percent 

of all households use fuelwood for cooking, and in some cities spending on fuelwood 

represents up to 20 percent of the income of poor households (Barnes, 1990). The net 

effect on the poor farmer's budget will depend on the balance between prices for 

fuelwood, which can be inflated by the competing demand of urban markets, and the 

opportunity cost of (predominantly female) labour, due to the time saved by not having to 

walk as far to collect fuelwood (Cleaver and Schreiber, 1992).

Finally, adjustment reforms in the financial markets aim to provide credit facilities to poor 

farmers. Credit facilities stimulate cultivation activities with longer maturation periods, 

such as tree crops or agroforestry. These activities tend to be less erosive, helping soil 

conservation, but they are traditionally avoided by small farmers because they cannot wait 

a long period of time before harvesting (Mink, 1992). For example, Feder et al. (1988) 

report that in Thailand farmers with land titles had better access to credit. Thus, they had 

higher investment levels, and were more likely to make land improvements, to use more 

inputs and to achieve higher productivity levels than farmers without tenure.

On the other hand, credit allows more intensive use of machinery and industrialized 

inputs, such as chemicals. With them, farmers can recover more easily from the loss of
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natural fertility, reducing the importance of soil conservation, at least in the short run 

(frequently in the tropics, machinery and chemicals can aggravate soil erosion in the 

future). The overall increase in productivity may contribute to a reduction in the pressure 

on marginal forested land, but, in the long term, it may stimulate deforestation.

One notorious example of damage caused by indiscriminate expansion of credit refers to 

operations dealing with cattle ranching. Subsidized credit to cattle ranching in large 

properties has been identified as one of the most important causes of deforestation in the 

Brazilian Amazon during the 1980s, according to several authors (Browder, 1985; Mahar, 

1988; Binswanger, 1989). This suggests that cheap credit does not necessarily encourage 

environmental resource conservation: improved access to credit expands the time horizon 

for decisions, but the increase in production may also worsen deforestation and soil 

degradation. Therefore, in the case of the Brazilian Amazon, the adjustment policy of 

removing subsidies can be associated to a reduction in the incentives for deforestation (see 

chapter 5).

Table 2.1 summarises the environmental and economic effects of adjustment policies in 

the agricultural sector.

2.4.2 Forestry and fisheries

Empirical studies suggest that forestry activities in developing countries follow a boom- 

and-bust pattern. In the beginning, logging and processing industries are very profitable, 

stimulating the expansion of their activities. However, harvesting may not be accompanied 

by appropriate management of secondary forests, and the industry collapses when primary 

forest reserves become exhausted (Vincent, 1994). It is also argued that the main 

relationship between forestry and deforestation is not direct, but indirect. Paths opened to 

remove logs are a stimulus for farmers to settle in forested areas, where they usually 

practice slash-and-bum cultivation, sometimes followed by cattle ranching. Finally, 

empirical studies show that timber harvesting, when not properly managed, opens a huge 

canopy area, with high waste and affecting many more species than those with commercial 

value (Verissimo e ta i,  1992; Uhl etal., 1992).
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Table 2.1 Sectoral adjustment policies: agriculture

Adjustment policies Economic consequences Environmental consequences

Increase in prices. 
Export tax reduction. 
Devaluation of the 
exchange rate.

Switch to cash crops. Increase in 
the agricultural area. More 
intensive use of the soil. Impacts 
on poverty.

Soil degradation depends on the 
nature of the crops. Higher income 
encourages soil conservation, but also 
deforestation of marginal lands.

Reduction of input 
subsidies (industrial 
inputs, imported 
inputs).

Crop choice affected. Switch to 
alternative inputs. Production may 
be reduced. Impacts on poverty.

Use of fertilizers, pesticides and 
chemicals may be reduced. Ambiguous 
impact on soil conservation and 
deforestation: agricultural profit is 
reduced, but slash-and-burn 
compensates productivity losses.

Land tenure to small 
farmers.

Impacts on wealth and income 
distribution.

Property rights allow an increase in 
the time horizon of farmers, but 
negative consequences may come if 
clearing land is a pre-requisite.

Improved access to 
rural credit.

Higher investment. Expected 
increases in input use and 
productivity.
However, stabilization measures 
may increase interest rates, with 
the opposite result.

Improved access to credit expands the 
time horizon for decisions, but the 
increase in production may worsen 
deforestation and soil degradation.

The literature cites two main causes of the boom-and-bust pattern: undervaluation of 

stumpage values, and the effects of international trade. Adjustment policies have addressed 

both problems, even though there is still a controversy as to whether they provide effective 

solutions or aggravate the problem even more (Barbier et al., 1994a, 1994b; Vincent, 

1994).

The failure of timber concession policies in charging realistic stumpage fees for timber 

extraction in non-privately owned land has stimulated accelerated depletion. Also, fees are 

based on timber harvested, not including the other trees cut or damaged in the extraction 

process. At the same time, concessions are for short periods of time, and harvesters are 

not motivated to invest in management. Therefore, deforestation is not usually followed by 

the necessary reafforestation.

Two possible solutions are usually presented. The first suggestion is to extend the period 

of concession as long as possible, or to establish property rights to the forest. This 

proposal is usually included in adjustment programmes, but there are practical problems in
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its implementation. The definition of property rights can aggravate problems of social 

inequality and wealth concentration, or disruption of communities organized around 

common-property systems. Consequently, the implementation of privatised forest reserves 

is very difficult. Half-way measures, such as increasing concessions to periods smaller 

than the time necessary for the forest re-growth , have not been fully successful (see the 

Thailand case study in section 2.5.2.3).

The other possible solution is to increase stumpage values. This has the additional 

advantage of increasing public revenue, helping to solve the fiscal gap. This measure is 

also more simple to implement, and results can be expected in the short term. However, 

its effectiveness will depend on the capacity of the public sector to enforce higher fees. 

Also, fees for timber extraction in developing countries are so low that their increase 

would not represent a significant expansion in total costs (see the Côte d'Ivoire case study 

in section 2.5.2.3). Developing countries usually argue that the main reason is the very 

low international price of logs (Vincent, 1994), and consequently fees cannot be increased 

without a loss of the share in the international market.^ This leads to the second main issue 

discussed in the literature, i.e., the effects of international trade.

There is a huge controversy as to whether the international timber trade is responsible or 

not for increased deforestation. Econometric work (see Barbier et al., 1994b) suggests that 

trade is not the major cause, but it has a significant link with deforestation. Developing 

countries produce mainly tropical timber, which suffers from competition with temperate 

timbers (whenever substitution is feasible). Since tropical timber represents a small part of 

the total supply of timber, which is increasing faster than demand, and developing 

countries are price-takers, international prices will not reflect the increasing scarcity of 

timber in a specific developing country. Indeed, the rate of increase in stumpage values is 

steadily diminishing. If future prices are expected to rise at a rate less than the opportunity 

cost of capital, it may be financially more attractive for a country to accelerate the harvest

One country may unilaterally decide to adopt higher fees for logging, in order to reflect the growing 
scarcity of the resource. However, if the country is a price-taker, there would be a reduction in the total 
value of timber exports, worsening the balance of payments situation (which is, usually, the original 
motivation for the adjustment programme).
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now and invest the revenues in other industries or public services with higher rates of 

return^ (Vincent, 1994).

Indeed, adjustment programmes have stimulated the growth of the forestry sector as a 

source of foreign exchange and government revenues. Devaluation of the exchange rate 

has the immediate impact of increasing the profitability of exporters in domestic currency, 

but does not solve the problem of low international prices. The main solution adopted to 

increase the revenues from timber extraction is to stimulate domestic based wood 

industries with higher value added products. Increasing export taxes on log exports, or 

even establishing a ban on such exports, are policies frequently used to address such 

objectives. However, empirical evidence suggests that log-export restrictions have 

stimulated only modest expansion of processing capacity and job creation in South East 

Asia. Also, they show that restrictions on exports accentuate the problem of low stumpage 

values, the overall costs of protecting domestic inefficient processing industries are 

considered extremely high, and deforestation is accelerated (Barbier et al., 1994a, 

Vincent, 1994).

These economic and environmental impacts are summarised in table 2.2. Fishery problems 

are similar to forestry ones. The lack of well defined property rights stimulates the short 

term maximization of rent capture. Therefore, the usual pattern of exploitation is also a 

boom-and-bust cycle.^ Harvesting in the beginning is induced by a high rate of catch per 

unit of effort, and is usually practised at an unsustainable rate. When the resource starts to 

become scarce, fishery rents decline. The catch becomes very costly, and the fishery 

sector tends to stagnate. Adjustment policies affect this process usually through changes in 

input and ouq)ut prices. Devaluation of the exchange rate and the removal of export taxes 

may stimulate depletion. Also, input subsidies may be established to raise sectoral income

It reflects the international and domestic market failures in providing financial returns for other services 
provided by forests (e.g., watershed protection, biodiversity, carbon storage, etc.) which are not included 
in timber prices. For a more detailed discussion on valuating non-timber forest products and services, 
see LEEC (1993).

The decline in fisheries tend to be even more dramatic than in forestry. According to W. Cruz (personal 
comunication), there is a very brief boom "but then is bust-bust all the way".
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(e.g. credit and tax exemptions for machinery - see the Thailand case study in section 

2.5.2.3).

Cruz and Repetto (1992) present another link between fishery and adjustment policies. 

They point out that poverty increase due to stabilization programmes caused migration to 

less populated regions, including coastal areas. This contributed to over-fishing, mangrove 

loss, and coral reef degradation (see the Philippines case study in section 2.5.2.2).

Table 2.2 Sectoral adjustment policies: forestry

Adjustment policies Economic consequences Environmental impacts

Incentives for (international) 
trade: exchange rate 
devaluation, export tax 
reduction.

Timber harvests increase, 
usually following a boom-and- 
bust pattern. Forestry 
management may improve.

Direct impact: deforestation 
caused by harvesting. Indirect 
impact: incentives to 
agricultural settlers.

Increasing taxation on 
stumpage values.

Management is expected to be 
improved. Fiscal revenues 
increase. However, fees are so 
low that the impacts can be 
negligible.

Positive impacts if  management 
is improved. Short-term harvest 
may be reduced.

Longer concession periods; 
privatization.

Management is expected to be 
improved. However, periods are 
not long enough, and the 
definition of property rights can 
aggravate social inequality.

Positive impacts if  management 
is improved. Short-term harvest 
may be reduced.

2.4.3 Industry and energy

Reform policies favour export sectors, which are expected to grow relative to domestic- 

based industries. Since adjusting countries have more comparative advantages in natural- 

resource based activities, critics say that adjustment programmes stimulate the 

overexploitation of these assets, producing depletion and degradation.

The mining sector is particularly sensitive to exchange rate changes and export incentives. 

Acceleration of the depletion rate, even if international prices for such commodities are 

falling or extraction costs are raising, is one of the most widespread criticisms of the 

results of adjustment policies. In other words, the pressure for adjustment shortens the
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time horizon of developing countries policy-makers, forcing them to sell the existing 

endowment of natural resources even in financially disfavourable conditions.

At the same time, structural adjustment reforms are expected to attract foreign capital. 

Since environmental standards are weaker in developing countries, some researchers say 

that these measures would stimulate the migration of pollution-intensive industries to such 

countries (for a review of these arguments, see Leonard, 1988, and Weil et al., 1990). 

Recent empirical evidence shows that polluting industries have in fact expanded faster in 

developing countries than the average rate for all industries (Lucas et a l ,  1992; Low and 

Yeats, 1992). However, the evidence is not clear about the existence of a migration 

process of dirtier industries from developed countries. Using trade and investment figures 

for US-based industries, Leonard (1988) concludes that, taken in the aggregate, the years 

immediately following the emergence of stringent environmental regulations in the US did 

not witness widespread reallocation of pollution-intensive industries to countries with 

drastically lower regulatory requirements. Pollution abatement and control expenditures 

seem not to have significant effects on competitiveness in most industries, since they are 

small in comparison with total costs. Other reasons can be listed (Low, 1992), such as fear 

of liability in the event of an accident, the reputation damages in the origining countries if 

it happens, the costs of ’unbundling' technology, potential claims of environmentally- 

concerned consumers in export markets, expectations of more stringent local 

environmental standards in the future, and the relatively high costs of retrofitting ageing 

capital equipment instead of starting up with 'top of the line' equipment. It has been 

observed empirically that open developing economies became less pollution intensive than 

closed economies in the 1970s and 1980s (Lucas et al., 1992; Birdsall and Wheeler, 

1992).

Another objective of adjustment programmes, increasing production efficiency, is 

expected to have positive environmental effects due to the reduced activity of less efficient 

sectors. However, this positive effect can be offset by social problems created by 

unemployment and, in more extreme cases, de-industrialization. If poverty consequently 

increases, feedback environmental effects may appear, mainly in terms of water use, since
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the urban poor are more likely to face pollution problems. Thus urban environmental 

problems are linked to the social costs of adjustment.

The use of energy is also expected to change in an adjustment process. Higher prices for 

energy may result in more conservation, with consequent reduced pollution. In that case, 

raising transportation costs plays an important role in air pollution policy because 'real' 

prices for transportation lead to reduced air emissions. On the other hand, the urban poor 

are very sensitive to the weight of transportation costs on their budgets. Rising costs may 

create poverty impacts, with secondary environmental consequences.

Table 2.3 summarises the impacts of structural adjustment in the industrial and energy 

sectors.

Table 2.3 Sectoral adjustment policies: industry and energy

Adjustment policies Economic consequences Environmental impacts

Trade liberalization. Export sector and labour- 
intensive industries are favoured. 
Foreign investment is expected. 
Less efficient industries may 
close.

Environmental impacts depend on the 
nature of the export sector. Labour- 
intensive industries tend to pollute less 
per unit of output, but total output can 
be higher. Mineral depletion is 
accelerated. 'Dirty* industries might be 
attracted.

Realistic prices for 
energy goods.

Energy conservation is 
stimulated.Total output may 
decline; poor are more affected.

Positive impacts on pollution. Risk of 
unemployment and recession increasing 
urban and rural poverty, with negative 
environmental consequences.

2.4.4 Public sector reform

Environmental protection services are usually provided by the state in developing 

countries. Drastic reductions in public expenditures affect the quality of such services: 

sanitation and other urban infrastructure investments, emissions control, national parks 

protection, etc. Therefore, it is possible that the quality of these services will decline 

during adjustment, with negative environmental consequences, even if the economy as a 

whole is recovering. On the other hand, the lack of funding may reduce state investment
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in frontier areas, such as road construction and settlement projects, with a reduction in 

overall economic activity in these areas. Empirical evidence from the Brazilian Amazon 

supports the idea that migration to marginal land is linked to public expenditure on 

infrastructure (such as roads which open up the hinterland), resulting in deforestation and 

other resource depletion (Binswanger, 1989; Mahar, 1988; Reis and Guzman, 1992). A 

similar relationship between infrastructure investment and deforestation is presented in a 

study for Benin (Bishop et al., 1994).

On the other hand, it can be argued that the lack of public investment in infrastructure in 

the agricultural frontier may force local producers to adopt cheaper strategies from the 

producers' point of view (such as slash-and-bum), resulting in very low productivity 

activities. Since property rights are not usually well defined in marginal forest areas, there 

may be a push for more deforestation. This hypothesis is presented by Ozorio de Almeida 

and Campari (1994), in a study analysing the relationship between agricultural expansion 

and deforestation in the Brazilian Amazon. According to their analysis, cutbacks in the 

official support to the settlement of farmers in the Amazon has resulted in a 

discouragement of sustainable agricultural practices. A similar point is made by Redwood 

III (1993) in the analysis of agricultural settlements in the Western Brazilian Amazon, 

where perennial tree plantations have been converted into pastures when public support 

became unavailable to settlers (see chapter 5).

Privatization is another crucial aspect of adjustment programmes. The objective of 

privatisation is an overall improvement in the services previously carried out by state 

enterprises, including environmental goals. However, there is huge controversy over 

whether such objectives are effectively achieved. Critics say that the withdrawal of the 

state from certain infrastructure activities, such as water and energy supply, does not 

mean that the private sector will automatically invest in them (especially if they are 

socially desired but not financially profitable), nor that the poorest will benefit fiom more 

expensive services. However, both points of view lack empirical studies which would 

confirm their respective positions.
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Privatising state-owned land is another controversial issue. As discussed before, assuring 

property rights to small farmers should stimulate conservation. However, the way 

privatisation is conducted may lead to distortions, such as dividing common property land, 

or inducing land concentration, which could result in migration flows to forested areas.

Table 2. 4 Sectoral adjustment policies: public sector

Adjustment policies Economic consequences Environmental impact

Reduction of public deficit: 
governmental expenditures 
are reduced, taxation is 
increased.

Recessive impacts. 
Infrastructure bottlenecks.

Ambiguous impact on resource 
depletion and degradation: economic 
activity is reduced, but poverty is 
increased. Expenditures concerning 
environmental protection are reduced.

'Realistic' public prices and 
privatization.

Public enterprises are 
expected to be more 
efficient. Impacts on the 
distribution of wealth and 
income.

Positive impacts on pollution. 
Pollution may be reduced if efficiency 
is increased. Poverty may increase if 
public prices are increased.

2.5 External debt, structural adjustment and the environment

This section looks in more detail at the debt-environment-policy reform linkage.

2.5.1 Debt and the environment

As discussed before, critics of adjustment programmes argue that developing countries 

have to stimulate environmentally harmful, export related activities, to service their 

external debts. This problem was particularly highlighted for tropical deforestation. In 

order to verify such a claim, some authors introduced debt variables in cross-sectional 

regressions of economic causes of deforestation (for a review see Burgess, 1992). The 

results, however, are ambivalent.

Capistrano (1990, 1994) and Capistrano and Kiker (1990) included the debt service ratio 

as an explanatory variable for deforestation, measured by industrial roundwood removal 

from broadleaved forests, in 45 developing countries between 1967 to 1985. The model 

included other economic variables, related to the logging sector (log export value index).
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agriculture sector (arable land, agricultural export price index, cereal self-sufficiency) and 

the economy as a whole (population, income per capita, real devaluation rate), and was 

run under three different specifications in four sub-periods: 1967-71; 1972-75; 1976-80; 

and 1981-85.

The debt-service ratio variable was found to be significant only in the second sub-period, 

with a negative coefficient. This negative relation may be explained by the large 

availability of international credit in the first half of the 1970s, which reduced the 

pressure to deplete forest resources in order to obtain currency. The real devaluation rate, 

the other variable related to the adjustment process, produced results in accord with 

expectations: a positive and significant relation was found both in the third and fourth sub

periods. The international market variables, export price indexes for log and agricultural 

products, were also significant, but only in the first and second sub-periods, respectively.

On the one hand, these results suggest that international debt was not a significant cause of 

deforestation, contrary to the claims of many environmental organizations. On the other 

hand, devaluation of the exchange rate, one of the most important policies in the 

adjustment programme, was found to be a significant cause of deforestation. Combined, 

these two results imply that indebtedness itself is not a main cause of deforestation, but the 

adjustment measures adopted as a consequence of indebtedness can be.

However, these regressions are subject to strong caveats. Using industrial logging as a 

proxy for deforestation can produce misleading results for countries where industrial 

logging is not a significant cause of deforestation, or where logging comes mainly from 

plantation forests. Such studies should therefore be considered as analyses of the 

relationship between various factors and the changes in the tropical timber industry, rather 

than tropical deforestation perse  (Burgess, 1992).

A different approach is followed by Kahn and McDonald (1992, 1994). Debt is 

considered a constraint on a country's maximising behaviour, because it highlights short 

term needs to generate income, e.g. through deforestation. They consider that the 

existence of high levels of debt may cause countries to behave in a myopic fashion, with
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higher levels of deforestation than would occur with lower levels of debt (Kahn and 

MacDonald, 1994). Economic variables are divided into those which increase GNP 

(labour, land), and those which are unproductive and only compete for funds (such as 

government spending, debt and investment), while population is incorporated through the 

establishment of a minimum acceptable level of consumption. The main conclusions are 

that variables which contribute to GNP should reduce deforestation, while variables that 

compete for the use of GNP should increase deforestation. Debt is included in the latter 

group, and these authors found a strong positive association between deforestation and 

public external debt, mainly in the period 1981-85.

However, this procedure can be criticized by the arbitrary definition of productive and 

unproductive activities. For example, it does not consider the productive aspects of 

governmental services of public health and education, despite the fact that they contribute 

positively to GNP. A more robust criticism concerns the interpretation of the results. It 

shows that debt and deforestation are correlated for the period 1981-85, but it does not 

mean that this correlation is necessarily one of causality: it is possible that deforestation 

and indebtness were both affected by the same set of policies. Therefore, independent of 

the controversy about whether or not external debt is relevant to natural resource 

degradation, it seems that the most relevant aspect is the link between indebtedness and 

economic policy.

2.5.2 Adjustment and the environment

2.5.2.1 The W orld Bank studies

Under the growing pressure of environmentalists' criticisms that adjustment programmes 

are environmentally harmfiil, the World Bank has sponsored two reviews of the 

environmental consequences of its lending operations. More specific information is 

expected to come from a series of country case studies, some preliminary results of which 

have recently been published.
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The first study (Sebastian and Alicbusan, 1989) reviews the economic and institutional 

components of selected structural adjustment loans (SALs) and sectoral adjustment loans 

(SECALs) in 43 countries, covering 83 percent of the World Bank adjustment loans 

between the fiscal years of 1979 and 1987. The loans were related to changes in domestic 

policies, covering the following issues: agricultural output price adjustments (changes in 

producer prices, and in export prices); agricultural input price adjustments (reduction in 

subsidies for pesticides and herbicides, fertilizers, farm equipment and spare parts, and 

agricultural credit); energy (changes in production costs and in consumer prices, and 

introduction of energy-saving technologies); trade and industrial policy reforms; public 

expenditure programmes; and institutional changes (energy conservation programmes, and 

land tenure, land use, and forestry regulation reforms).

The methodology adopted was to select the policy reforms that were believed to have 

direct or indirect effects on the environment, based on the loan documents. Such policy 

reforms were then analyzed in terms of the potential environmental effects they could 

have. No reference was made to whether these measures were already implemented, or 

whether ex post evaluation exercises confirmed that the intended objectives were reached. 

The conclusion was that:

"Far from being a major source of environmental degradation in 

developing countries, adjustment policies appear, to have a bias in favour 

of the environment. " (Sebastian and Alicbusan, 1989, p.28)

In terms of sectoral achievements, the main findings were:

(i) In the agricultural programmes that increased output prices (28 countries), the 

incentives for tree crops (18 countries) and for increasing agricultural prices in general (16 

countries) were supposed to have positive effects on soil conservation. In the countries 

where incentives for food crops (11 countries) and other crops (11 countries) were held, 

soil fertility is expected to increase.
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(ii) Rising agricultural input prices were expected to reduce the uneconomic use of 

fertilizers in 20 countries, and of pesticides, insecticides and herbicides in eight. Higher 

prices for mechanical equipment may have decreased land clearing.

(iii) Increasing energy prices in 12 countries were expected to reduce energy use, but 

complimentary measures were also needed in order to mitigate environmental damages 

caused by fossil fuel use and the development of hydro-power dams.

(iv) Industrial trade reforms were expected to provide long term environmental benefits in 

29 countries.

(v) No definitive position was assumed about reducing government expenditure. Both 

good (reduced subsidies) and bad (reduced spending on environmental protection and 

resource management) environmental consequences were expected.

(vi) Institutional reforms in 35 countries, changing land tenure use and land, forestry and 

livestock regulations, were generally expected to have positive environmental effects.

Another positive aspect is that an increasing number of loan operations had environmental 

objectives in their terms.

Warlord et al. (1993) updated the previous study, reviewing the period 1988-92. The 

approach and conclusions were basically the same:

"On the contrary, adjustment is a necessary, if not sufficient, condition for 

sound environmental management. Certainly stability, ’getting prices 

right', and public sector reform have virtually unambiguous - and 

beneficial - impacts on environment. Trade reform, in enhancing efficiency 

and employing the principle of comparative advantage, will also tend to do 

so." (Warford etal., 1993, p. 16)
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However, the approach of using intended objectives rather than actual observations casts 

doubt on the results obtained. In fact, it would be very surprising if the government of an 

indebted country, in urgent need of currency, would highlight the potential hazards of a 

new programme in its analysis. The appearance of new conditions concerning 

environmental objectives can also be understood as an additional motivation for getting the 

loan approved. Finally, even if the expected effects are positive, most of the time the 

unexpected problems created by development programmes (for instance, the Polonoroeste 

and the Carajas programmes in the Brazilian Amazon) are more critical to the 

environment.

Thus, while the World Bank reviews show strong arguments in favour of adjustment 

programmes, they provide no ex post empirical evidence that the expected good results 

actually occurred.

In order to obtain more concrete findings, the World Bank is currently (1996) imdertaking 

a series of country case studies targeting the environmental consequences of 

'economywide' reform policies (see table 2.5).

Table 2.5 World Bank studies of economy-wide policies and the environment

Country Environmental focus

China Unsustainable agriculture
Costa Rica Deforestation and land degradation

Ghana Land use and soil degradation
Indonesia Industrial pollution

Mexico Air pollution
Morocco Water resource pollution

Philippines Deforestation
Poland Industrial pollution

Sri Lanka Environmental aspects of energy use
Tunisia Over-grazing and land degradation

Zimbabwe Wildlife management

Source: World Bank (1994)

Preliminary results are presented in a recent summary paper (World Bank, 1994). The 

studies are not uniform in terms of methodology or sectoral analysis, covering distinct 

environmental aspects related to the application of reform policies. But they share a
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common framework, based on the principle that liberalizing reforms are never the primary 

cause of any possible environmental problem created after their introduction: the problem 

is always related to a previously existing distortion, which has not been yet addressed by 

the policy reforms.

An example of this approach is provided by the Indonesian case study (World Bank, 1994, 

p. 67-69). Pollution was found to be pushed to new heights almost everywhere after 

adjustment, as a consequence of accelerated economic growth. Moreover, it considers that 

in the year 2020 dirty' processing industries will continue to account for more than 80 

percent of Indonesian industrial output (outside Java). However, adjustment is not seen as 

a primary cause of such problems, but rather as a potential solution:"^

"Thus, Indonesian industry in the aftermath of liberalization has a much- 

improved sectoral and locational profile from an environmental 

perspective. " (World Bank, 1994, p.68)

A similar example is provided by the Mexican case study. Pollution intensity is found to 

have increased particularly in the 1980s (the adjustment programme in Mexico started in

1982). However, the study considers that the roots of this problem are to be found in an

earlier period:

"This increase is almost completely explained by the growth of public 

sector investments from 1978 to 1982 in petrochemical and fertilizer

industries." (World Bank, 1994, p .69)

Finally, the Ghana case study relates increasing pressure on land resources, encroachment 

onto marginal forest lands, and accelerated soil erosion, to agricultural expansion, 

especially of export crops (World Bank, 1994, p. 30-31;66-67). The reduction of taxation 

of agricultural exports is considered to have encouraged production, which is intensive in

The results of the Indonesian case are analogous to the conclusions of the WWF study for Thailand 
(section 2.5.2.3): the total increase in output overwhelmed the gains in efiSciency, thus resulting in 
higher levels of pollution.
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'biomass' (measured in terms of the proportion of land under forest cover). Another cause 

presented is the reduction of the government wage bill, with agricultural activities 

absorbing redundant labour. However deforestation and other forms of land pressure are 

not considered to be have been caused by adjustment itself. Instead the blame for 

environmental degradation is placed on traditional common land tenure system, which is 

regarded as an incentive to land overexploitation and an obstacle to land management.

Accordingly, since the primary cause of the environmental problems always lies elsewhere 

in a distortion yet to be corrected, and despite the absence of any explanation on how the 

results of the distinct studies could be aggregated, the final conclusion was that:

"adjustment programmes, especially the market liberalizing elements, are 

usually good for the environment" (World Bank ,1994, p.viii).

2.S.2.2 The W RI Study

A World Resources Institute study (Cruz and Repetto, 1992) analyzed the implications for 

natural resource use of macroeconomic strategies in the Philippines. The study was 

divided into two periods: the 1960s and 1970s, and the 1980s, when the stabilization and 

structural adjustment programmes took place.

The approach adopted was to look at the reallocation effects of macroeconomic policies in 

three ways: intertemporal (transference of resources between present and future 

generations); intersectoral (reallocation of resources between the economic sectors); and 

interpersonal (altering the distribution of income and wealth among individuals and 

households). The adjustment policies in the second period received additional treatment: 

alternative sets of policy reforms were evaluated using a computable general equilibrium 

(CGE) model. Incorporating land inputs as a production factor, the model was used to 

assess land use changes associated with alternative structural adjustment policies. 

Therefore, the model was able to highlight the effects of macroeconomic policy changes in 

natural resource based sectors, such as logging, fishing, mining, upland agriculture, and 

energy supply.
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The main findings for the first period were that the Philippine development pattern was 

based on the depletion of natural resources in order to finance both current consumption 

and the acquisition of relatively unproductive industrial capital. The primary sectors were 

discouraged by tariff and exchange rate policies, that also kept manufactured consumer 

goods prices high and intermediate industrial input prices relatively low. Fiscal incentives 

also played an important role in stimulating energy-intensive and pollution-prone industries 

(pulp and paper, ferrous and non-ferrous metals, chemicals, and petroleum products). In 

response to distorted relative prices, industry became more material-intensive, resulting in 

increasing pollution from industrial emissions and consumer waste.

Another characteristic of the type of industrial activity favoured in the 1960-70s period 

was its capital-intensity. Therefore, the volume of industrial employment generation was 

smaller than the pressure created by the surplus of labour from the agricultural sector. The 

poverty trend was aggravated by regressive taxation. Since institutional elements, such as 

the concentration of both private agricultural holdings and use rights to public lands, 

deprived the landless workers of access to these resources, the only available alternative 

was the use of marginal resources in the public domain (forest land, mangroves, and 

fisheries). The consequence was a growing migration to the fragile soils of the uplands, 

and into artisanal fisheries.

Growth stopped in the early 1980s with the balance of payments crisis. Both stabilization 

and structural adjustment programmes were adopted, but the drastic demand contraction 

imposed by the former (with the support of the IMF) sidetracked the latter (more related to 

the World Bank). The massive economic contraction, associated with the collapse of world 

commodity prices, resulted in a reduction in the domestic production of timber, minerals, 

and most other resource-based products. This is one of the interesting results of the study, 

because it goes against the conventional argument that the debt crisis intensifies resource 

exploitation for export.

Nevertheless, the study concluded that the environment hardly benefitted from such a 

contraction. Massive unemployment and income decline, with a fall of more than 20
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percent in real wages between 1983 and 1985, forced an increasing number of poor to 

overexploit the Philippines' natural resources:

"As vastly increased number of workers migrated to the open access 

resources of the uplands and coastal areas, deforestation, soil erosion, the 

destruction of coastal habitats, and the depletion of fisheries increased."

(Cruz and Repetto, 1992, p.6)

The use of a CGE model allowed the authors to forecast the outcomes of alternative policy 

scenarios. They showed that the balance of payments, the income level and energy 

conservation would be improved if structural adjustment measures were not sidetracked by 

the emphasis on stabilization. Consequently, the environmental pressures created by 

growing poverty could be reduced. However, even in this case, overexploitation of natural 

resources would occur in an undesired way, because mining, logging, and erosion-prone 

upland agriculture would be stimulated. The reason for this is that structural adjustment 

programmes were designed with limited regard for the environmental requirements of 

sustainable development. An alternative scenario, associating adjustment to environmental 

and resource management, would have presented a much better performance:

"The overall economic and environmental benefits of this (actual) 

adjustment program are uncertain, but certainly are inferior to those of an 

alternative structural adjustment package that includes institutional and 

policy reforms to achieve adequate control over industrial pollution and 

over the use of natural resources." (Cruz and Repetto, 1992, p .6-7).

2.5.2.3 The WWF Study

The World Wide Fund for Nature (WWF) sponsored three country studies, for Côte 

d'Ivoire, Mexico and Thailand, each one following a different approach (Reed, 1992). In 

each case, adjustment programmes appear to have had ambiguous impacts on the use of 

natural resources. The main issue is, again, the environmental consequences of having or 

not having economic growth. On the one hand, stabilization programmes tend to have
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deflationary impacts, at least in the short-term (with the Thai exception). Natural resource 

depletion and pollution emissions tend to follow economic growth, and therefore, slower 

growth means less environmental damage. On the other hand, poverty increases with 

recession. As discussed before, increasing poverty has an overall negative impact on the 

environment, because it results in more pressure for deforesting marginal land, or 

migration to urban areas with no infrastructure (e.g., slums), where the environmental 

conditions tend to deteriorate quickly.

(i) Côte d'Ivoire^

The study presents Côte d'Ivoire as having a very successful economic experience from 

independence until the mid 1970s. The country experienced high economic growth 

(average of seven percent p.a. in the period 1960-75), due mainly to primary products 

exports, especially coffee, cocoa and timber, and industrial growth. Another growth 

stimulus was the monetary stability of being linked to the Communauté Financière 

Africaine (CFA), with the exchange rate maintaining a nominal stable relation with the 

French franc. Heavy agricultural taxation financed import-substitution industries, which is 

described as very dependent on protectionist policies. Meanwhile, formal urban wages 

(mainly from the public sector) were maintained at high levels, leading to an overvaluation 

of the real exchange rate.

The first oil price rise shock was absorbed with little apparent effect because the price of 

export commodities also increased, mainly coffee and cocoa. Windfall revenues from this 

boom were used to finance a major expansion in public investment, which increased 250 

percent in real terms from 1975 to 1980. However, the combination of falling export crop 

prices and the second oil shock in 1979-81 was not followed by a reduction in public 

spending. Being a member of the CFA, the nominal exchange rate could not be reduced in 

order to increase export competitiveness. Deficits in the trade balance were financed by 

increasing foreign debt, and the internal level of activity was maintained by central bank

The Côte d'Ivoire case study (Reed, 1992, chapter 3) was written by the London Environmental 
Economics Centre (LEEC), based on a study by the Centre Ivoirien de Recherches Economiques et 
Sociales (CIRES).
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credits, until the fiscal gaps and the current account deficits became unmanageable. In 

1981, Côte d'Ivoire was forced to appeal to the international financial institutions for 

emergency credits, which were approved subject to the implementation of short-term 

stabilization and medium-term structural adjustment programmes.

The main objective of the stabilization programme was to reduce the current account 

deficit, through contraction of domestic expenditure. In practice, this result was achieved 

mainly by cutting public expenditure. Adjustment policies could not be implemented in the 

conventional way because of the inability to devalue the currency. Therefore, trade reform 

was based on the harmonization of import duties, conversion of non-tariff barriers to 

tariffs, and a simulation of an exchange rate devaluation, using a combination of import 

tariffs and export subsidies. Sectoral policies consisted of price liberalization, reduction of 

producer and consumer subsidies, and restructuring of public sector enterprises, including 

the closure of governmental agricultural agencies.

Nevertheless, the results are considered to be far removed from the original intentions. 

The world recession depressed prices of the very export commodities stimulated by the 

adjustment programme. Decreasing profits inhibited agricultural modernization,^ and 

production remained of the extensive kind, with low use rates for fertilizers and industrial 

inputs. Industrial reform is also described as unsatisfactory, remaining heavily protected 

and inward looking. Meanwhile, the cutbacks on public expenditure were not replaced by 

private investment, and foreign investment remained stagnant. Urban unemployment grew 

considerably, depressing the informal sector, but real wages in the formal sector did not 

follow this trend. Therefore, there was no improvement in the terms of trade faced by 

rural producers, and the main consequence for them was simply a reduced demand for 

their products.

A criticism which is not presented in the study is that the World Bank adjustment programmes 
stimulated several indebted countries to invest in the same set of commodities, such as cocoa and coffee, 
falsely assuming that they are price-takers. However, the combined increase in supply may affect the 
global market, decreasing prices since demand is usually inelastic.
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The study indicates an overall ambiguous effect on the environment, similar to the 

Philippines experience. The recession introduced by the stabilization programme reduced 

natural resources depletion. It could have reduced deforestation, which was considered to 

be the main environmental problem caused by timber extraction and the pressure for 

agricultural land. However, increased poverty, mainly in urban areas, and the lack of 

resources for investing in conservation had negative impacts. The study provides a 

discussion of the impacts of each set of policies, but the lack of empirical data limited the 

discussion to qualitative speculations.

The restrictive fiscal and monetary policies had the expected effect of easing the pressure 

on natural resources, because of the consequent fall in aggregate demand. Also, because of 

the effective exchange rate devaluation, timber export profitability increased, creating a 

potential stimulus to invest in forest management (at least, if property rights are well 

defined). Finally, reducing public investment in rural infrastructure may have reduced the 

pace of forestry and agricultural expansion by increasing the effective cost of opening up 

virgin forest lands.

Offsetting this, recession had a poverty increasing effect, worsening living conditions, 

including environmental amenities, especially in the urban areas. This was aggravated by 

the reduction in public investment that postponed sanitation projects and other antipollution 

measures. Finally, due to the lack of well defined property rights, improved terms of trade 

for agriculture stimulated land clearing and degradation, while reduced government 

extension services retarded efforts to promote intensification and soil conservation. It is 

important to note that many of these potential impacts could have been minimized since 

trade policies were considered to have had hardly any significant net effect on exports and 

the environment:

"Recent adjustment reforms probably had far less impact on agriculture 

than did the decline in world commodity prices, particularly for the main 

export crops, coffee and cocoa" (p.64).
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The reduction of public subsidies for modem imported inputs (fertilizers and pesticides) 

was the reason for depressed agricultural profitability. More intensive technologies became 

less feasible, stimulating the traditional system of extensive agriculture through 

deforestation.

In any case, the supply response to a price stimulus is very limited in the short mn because 

most of the cash crops are perennial. Another restriction to output expansion is created by 

the labour and capital constraints of smallholders. Therefore, the effects of adjustment 

policies are more likely to favour a shift to annual food crops than the expansion of cash 

crops cultivation onto remaining forest land. This change is expected to have negative 

environmental impacts because annual crops are more destructive of soil fertility and thus 

require larger amounts of land under traditional shifting cultivation.

The forestry sectoral programme focused on augmenting the very low concession fees and 

stumpage taxes, and instituting an auction system for export licenses. Both measures have 

potential positive impacts since they stimulate forest management, and the objective was to 

double economic rents received from forestry activities. Nevertheless, since the previous 

rates were extremely low up to 1990 (all concession and stumpage fees together amounted 

to less than 0.25 percent of the average FOB value of exported timber), the fee reform is 

not expected to have any significant influence on concession management practices, and 

the rate of logging will remain basically related to the increasing scarcity of commercially 

valuable species.

The last sectoral issue concerns industry. Industrial pollution is relatively modest and 

restricted to the Abidjan area. The only speculation made is that the recent aim to promote 

the export of processed agricultural and forest products tends to stimulate demand for raw 

material inputs, which could aggravate the deforestation problem.

The study concludes by underlining the complexity of the links between adjustment 

policies and the environment. The institutional factors that led to market and policy 

failures (mainly the quest for land) appears to have a more significant impact on natural 

resource use than macroeconomic instruments.

52



(ii) Mexico

Mexico was favourably affected by the oil price rises in the mid-70s, since the country is a 

large exporter. The fortuitous macroeconomic conditions were used to boost an 

expansionist economic policy, led by public expenditure. However, the overvaluation of 

the exchange rate, the increase in imports, and the poor results from public investment, 

led to a loss of competitiveness for Mexican non-oil exports. Meanwhile, oil prices started 

to fall in the international market, but no change was made in the conduct of 

macroeconomic policy. Total public expenditure, the fiscal gap, and the current account 

deficit continued to grow. The situation gradually worsened until 1982, when the 

government devalued the exchange rate by 57 percent, and declared a six-month 

suspension of payments to foreign creditors.

The macroeconomic measures adopted in the following years were characterized by 

reducing public expenditures, cutting the fiscal deficit, privatising public enterprises, 

raising real interest rates, and depressing real wages. In the external sector, devaluation of 

the exchange rate was succeeded by liberalization of external investment and trade, and 

joining GATT in 1986. A massive shift of resources to the export sector happened, and 

the 'maquiladora' programme took place on the border with the USA. Finally, a pact was 

agreed between major sectors of the Mexican society in 1987, combining orthodox 

measures of tightening credit and reducing public expenditures with less orthodox policies 

whereby the exchange rate was allowed to float and prices were subject to negotiation.

The results of the programme were the reduction of inflation, a severe recession followed 

by a small recovery in the late 80s, and a massive fall o f real wages, mainly in the urban 

public sector. The authors considered the adjustment programme economically successful, 

and pointed out as its benefits the increasing confidence of international finance institutions 

in the Mexican economy, which allowed the restructuring of the Mexican debt on a long-

The Mexican study (Reed, 1992, chapter 4) was prepared by the London Environmental Economics 
Centre based on a study directed by the Instituto Tecnolôgico Autonomo de Mexico (ITAM).
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term basis, and the creation of momentum for a free-trade agreement with the USA and 

Canada (NAFTA).

In environmental terms, however, the study was not so optimistic. Despite the lack of 

empirical data, resulting in a speculative character of the policy analysis, the leading 

conclusion was very similar to the other studies. The environmental consequences of 

adjustment are ambiguous, and the links between macroeconomic and sectoral policies and 

the environment are more complex than usually treated in the literature (no connection was 

made with the environmental accounting study, which provides a monetary valuation of 

natural resource use in Mexico in 1985 (Van Tongeren et a l ,  1992). The pre-adjustment 

situation was characterized by an excessive use of petroleum products, due to the subsidies 

on domestic prices which in turn were a major cause of the public deficit. Air pollution 

caused by oil-related emissions was the main urban environmental problem. The 

expansion of petroleum extraction was also linked to opening up regions that had hitherto 

been inaccessible, and to damage to the ocean and coastal environments, through 

petroleum residues and associated waste.

During adjustment, cutbacks in public expenditure affected more significatively non

priority spending, including environmental conservation. Oil exploitation increased, in the 

quest for foreign currency. But there is no evidence that the same happened to other 

mineral resources and timber: it is suggested that the rate of depletion of these resources 

(more related to domestic demand) has been lower during recessions.

Sectoral policies played an important role during the process. The adoption of more 

realistic prices induced a reduction of petroleum-related consumption. Such measures are 

favourable to the environment, because they restrain emissions, and are socially beneficial 

too, because firms are encouraged to replace energy-intensive techniques with labour- 

intensive ones, thereby reducing imemployment. The cost of other public services, 

including water supply, also increased and there is a recent trend to privatise some of these 

services. Both measures are expected to promote more efficient use, with positive results 

for the conservation of resources.
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Adjustment policies have certainly affected the pattern of agricultural production. The 

study speculates about potential impacts on soil erosion and deforestation. Improving the 

terms of trade for agriculture increased the demand for land and intensified deforestation. 

But it also provided incentives for soil conservation and agricultural investment. Devaluing 

the exchange rate may have promoted perennial crops instead of subsistence crops, 

stimulating conservation. But the effect on rural poverty should also be considered in order 

to obtain a more precise idea of net environmental impacts.

Industrial pollution may have decreased with higher prices for energy, but the study 

suggests that the maquiladora programme has caused environmental deterioration in plant 

areas. But, again, the lack of more substantive information impedes a more precise 

statement about the impacts of liberalisation and privatisation.

(iii) Thailand*

In economic terms, Thailand is described as having a very successful structural adjustment 

experience. Indeed, Thailand has achieved an impressive growth rate, averaging seven 

percent p.a. from 1960 to 1980, and over 12 percent in more recent years. However, 

worsening income distribution, persistence of poverty, and increasing environmental 

problems are presented as undesirable by-products that adjustment policies were not 

designed to deal with.

The main conclusion is that structural adjustment is believed to have resulted in more 

efficient use of resources and environmental degradation per unit of output. However, the 

reforms resulted in economic growth. Even though output-resource use and output- 

pollution coefficients may have declined, the total amount of resource depletion and 

pollution has increased because the high rates of output growth.

Thailand is the third case presented in the WWF study (Reed, 1992, chapter 5). The London 
Environmental Economics Centre was again responsible for the final version, based on a study made 
by the Thailand Development Research Institute (TDRI).
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Environmental policies could be attached to adjustment reforms, in order to mitigate these 

natural resource and environmental problems. The idea is that environmental concerns 

should have been considered as a second order priority. Corrective policies could have 

been implemented without necessarily damaging economic stability and growth:

"It would be unrealistic and undesirable to tailor these (structural 

adjustment) instruments to meet environmental objectives because of the 

many other overriding considerations, such as industrialization and 

economic stability, that determine these policies. Yet environmental 

implications should somehow be taken into account when these policies are 

being formulated" (p. 104).

The study is more detailed in its sectoral approach, and the policy analysis was helped by 

the use of simulations, based on a CGE model. The policies covered by the simulations 

were the reduction of export taxes on rice and mbber, increases in domestic energy prices, 

promotion of exports based on labour-intensive manufactures, promotion of tourism, and 

reduction of public sector expenditures.

The main environmental problems associated with agriculture are deforestation, soil 

erosion and encroachment onto protected areas (all linked with catastrophic results in 

terms of floods and landslides), and excessive agrochemicals use. Adjustment policies 

were associated with these problems through changes in agricultural output and land use, 

and indirectly by migration and mral poverty effects.

An export-promotion incentive was introduced through a reduction in export taxes. Two 

crops were the main beneficiaries: mbber and rice. The environmental impacts of export 

tax reduction were considered ambiguous. On the one hand, reducing export taxes 

stimulates the switch from maize, sugar cane, and cassava farming to rice and mbber, 

which tends to reduce soil degradation. Also, taxation of crops cultivated mainly on titled 

land (such as mbber and rice) depresses the returns to investment in land development and 

conservation. Other investments, such as clearing new forest land to cultivate other non

taxed crops, become more attractive.
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On the other hand, land clearance is stimulated, since rubber plantations replace open 

access natural forests. It was estimated that for every 100 rai of land added to the 

cultivated area, an estimated 140 rai of forest is cleared. And even though the rubber tree 

is more protective of the soil than other crops, rubber plantations on higher slopes and 

marginal lands contribute to soil erosion. In fact, the catastrophic landslides and floods in 

southern Thailand in November 1988 took place mostly in upland areas covered with 

young rubber trees. Finally, the expansion of rice production is not associated with the 

clearance of forested areas (most come ftom switching from other more soil damaging 

crops), but with the more intensive use of agrochemicals.

The taxation of fertilizer inputs and the implicit subsidy on irrigation water are also 

discussed in the study. The overall result of taxing rather than subsiding nitrogen-based 

fertilizers was a negative environmental impact, for two main reasons. Firstly, in an open 

access land frontier, the taxation of fertilizers raises the costs of intensifying production on 

existing agricultural lands, relative to expanding production onto new forest lands. 

Secondly, the use of non-nitrogen-based compound fertilizers increased, in spite of their 

being less suitable for Thai soils.

The consequences of the water subsidy were considered to be ambiguous:

"On the positive side, the implicit irrigation subsidy offsets part of the 

price distortion and disincentive to agriculture in general, and rice in 

particular, owing to export taxes. On the negative side, it results in 

inefficient and inequitable use of water and to varying degrees may be held 

responsible for water logging, salinization, and flooding" (p. 109).

Land titling was included in the adjustment programme as an instrument to increase 

agricultural productivity. However, the temporary non-transferable land certificate scheme 

introduced was considered insufficient to solve the open-access forest land problem. It is 

important to note that migration of landless farmers to forested and marginal areas was an 

important way of alleviating rural poverty and avoiding migration to urban areas.
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"Sacrificing the forest land to alleviate rural poverty and reduce urban-rural 

income differentials is effectively the trade-off Thailand has made in the 

process" (p. 123).

Finally, adjustment policies were said to have accelerated fishery depletion in order to 

improve export performance. Harvesting was stimulated by input subsidies and output 

price supports.

The environmental consequences of industrial growth were also considered ambiguous. 

Past protectionism had stimulated inefficiencies inside industry, and openness to 

international trade and a more uniform taxation system were considered essential to 

improve the overall use of inputs. Another aspect was the stimulus to labour-intensive 

industries, helping to absorb the labour surplus created by the rural exodus. At first sight, 

positive environmental effects resulted from this:

"Trade protection through the promotion of industry has been critical to the 

use of natural resources by influencing their industrial input, affecting the 

rate of migration and size of the residual rural population that exerts 

pressure on the natural resource base, affecting the relative profitability of 

agriculture, and directly determining industrial pollution levels" (p. 111).

Nevertheless, the new industrial investments have generally failed to achieve 

environmental standards. The inadequate enforcement of waste disposal regulations 

resulted in subsidies to industrial pollution, and cost-effective resource recovery and 

recycling programmes could not be implemented. Also, many of the industries that 

benefited from export incentives are resource based, such as agroprocessing, furniture, 

mineral processing, and fertilizer, and industrial growth resulted in an increasing demand 

for energy.

The incentive for more labour-intensive industry was expected to have positive 

environmental impacts, because capital-intensive technologies tend to be more polluting. A

58



simulation of increasing labour-intensive manufactured exports was carried out, but the 

overall environmental impacts are mixed. On balance, heavy industries appear to be more 

polluting if all types of pollutants are considered. But certain labour-intensive industries, 

such as slaughterhouses, tanneries, and breweries, are major sources of water pollution, 

and others, such as electrical machinery and textile, are major sources of hazardous waste.

Therefore, the final balance of industrial pollution is not positive, with the proportion of 

industrial GDP being produced by hazardous waste-generating industries doubling between 

1979 and 1989, from 29 percent to 58 percent.

Raising petroleum product prices was another adjustment measure with expected overall 

positive environmental impact. But a cross-subsidisation scheme still persisted, favouring 

gas, ftiel oil and diesel, against gasoline products. This distortion was blamed for 

restricting the efficiency gains from rising energy prices. Thus, a simulated increase in 

domestic oil and gas prices showed an overall positive environmental effect, due to a shift 

to less energy intensive activities.

Although the service sector is not usually related to environmental problems, the 

expansion of tourism may result in serious damages to specific areas. A simulation of 

increased tourism growth confirmed this view. The results show an increase in transport- 

related emissions and energy consumption. Investment expanding tourism-related activities 

(e.g. hotels and restaurants) in coastal areas, and the additional waste resulting from their 

operation, have significant environmental implications in terms of marine pollution, 

destruction of mangrove forests, and coastal erosion and degradation.

The waste and emissions problem is aggravated by the concentration of emissions and 

waste in Bangkok, Chiangmai, and touristic coastal centres, without a corresponding 

expansion of inftastructure and environmental protection. Meanwhile, the public sector 

(usually responsible for investments in both areas) was forced to cut its expenditures. 

Therefore, the environmental consequences of a reduction in real public sector investment 

suggests a final ambiguity. A simulation shows that the deflationary impacts of falling 

aggregate demand leads to decreasing urban and industrial pollution, since production in
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these areas falls. But agricultural increases, due to the assumption of an elastic export 

demand for agricultural goods, have negative environmental impacts: natural resource 

depletion, forest encroachment, and agricultural pollution increase. The study highlights 

the fact that the final environmental result will depend on the specific type of public sector 

investment to be reduced. Cutbacks in environmental infrastructure (e.g., sewage systems 

and waste treatment plants) and pollution abatement expenditures, will certainly aggravate 

the consequences of environmental damage.

The study ends with a discussion of governmental policy and market failure that restrain 

sustainable development. It is argued that even if policy failures were suppressed, market 

failures would have caused inefficient use of natural resources and the environment. The 

suppression of these market failures would have reinforced economic growth, contrary to 

the common belief that environmental measures restrain growth. Finally, a scenario 

involving economic stagnation would certainly have been worse in environmental terms.

2.6 Conclusion

The diversity of opinion and evidence presented in this review suggests that there may be 

no simple answer to the question whether adjustment programmes are generally good or 

bad for the environment, for the simple reason that adjustment programmes and the 

circumstances in which they are implemented vary so widely from country to country. 

Neither the optimistic approach that adjustment programmes have a bias in favour of the 

environment, nor the pessimistic approach which advocates the opposite, are supported 

with unquestionable evidence. Therefore, case studies are essential for a concrete 

appreciation of the problem.

Nevertheless, there are strong parallels between the discussion presented in this chapter 

and the debate on the social costs of adjustment. For example, most of the studies claim 

that the recession caused by stabilization policies had ambiguous impacts on the 

environment. The overall reduction of domestic demand has positive impacts on the 

environment because resource use related to economic activity tends to decline. However, 

recession increases poverty, creating more pressure for depleting open access resources in
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the rural environment, and encouraging the exodus to shanty towns and slums in urban 

areas, where the population becomes more vulnerable to pollution problems. Also, 

cutbacks in government spending seems to affect environmental and other welfare-related 

expenditures. Thus, while stabilisation may offer short-term relief from some resource 

management problems, it can also create or aggravate other environmental problems 

through its effect on poverty.

Structural adjustment policies have ambiguous effects on the environment. Reform 

policies (trade reform and public sector restructuring are the most important) can lead to 

more efficient use of resources. But to the extent that they are effective in restarting 

economic growth, they may lead to more depletion or degradation if the scale effects 

outweighs any environmental efficiency gain. In any case, the implementation of structural 

adjustment reforms can be impeded by the contractionary effects of stabilization. In such a 

circumstance, the review suggests that non-growth scenarios tend to give rise to worse 

results than growth situations because of the link between poverty and environmental 

degradation.

Targeted corrective measures are therefore essential as a means of avoiding or mitigating 

potential adverse environmental impacts. In the same way the debate on social impacts of 

adjustment has resulted in a growing awareness of the importance of poverty alleviation, 

the current debate highlights another area for improvement in the implementation of 

reform policies.
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3 ADJUSTMENT POLICIES AND NATURAL RESOURCE DEPLETION: A 

MACROECONOMIC ANALYSIS

3.1 Introduction

This chapter examines in greater depth the relationship between the macroeconomic policy 

reforms carried out during adjustment programmes and the depletion of (marketable) 

natural resources. Section 3.2 provides an analytical link between depletion and 

macroeconomic performance, through a combination of the Harrod-Domar growth model 

and a (weak) sustainability condition based on the principle of a non-declining total stock 

of capital. The macroeconomic model emphasises the dual character of natural resource 

depletion: it increases the level of effective demand but it reduces the possibility of 

achieving sustainability. In other words, the short term positive impact of increased 

economic activity is countered in the long term by the reduction in the total stock of assets. 

This dilemma may be relevant for countries under adjustment, because they are under 

pressure to increase their short term economic performance.

Section 3.3 consists of three different empirical exercises, all of them looking at the 

relationship between the implementation of adjustment policies and changes in the 

depletion level. The first exercise, using data for 71 developing countries, consists of a 

simple cross-section analysis between resource depletion and two adjustment objectives, 

increased net investment and the generation of a surplus on the current account of the 

balance of payments. The second exercise examines the correlation between depletion and 

changes in macroeconomic policies conducted in 20 African countries. The third exercise 

focuses on the performance of two Asian countries which experienced adjustment reforms 

(Indonesia and the Philippines) for which data from environmental accounting studies are 

available.

Section 3.4 concludes the chapter and highlights some of the limitations of the analysis. 

One of these limitations is the omission of pollution issues, which may present results in 

the opposite way to the ones obtained for depletion in the empirical exercises.
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3.2 Effective demand and 'vyeak' sustainability: a macroeconomic model

The environmental economics literature concerning economic growth usually follows the 

standard neoclassical approach, which does not consider the effective demand problem - 

i.e., full employment is taken as granted (for example, see Hartwick, 1977, 1978; Solow,

1986). All emphasis is put on the long term problem, i.e., the sustainability of a certain 

level of economic activity. Some empirical case studies present qualitative comments 

about the relationship between unemployment and natural resource depletion or 

degradation (Jonish, 1992; Cruz and Repetto, 1992). However, unemployment is never 

considered in the formal models presented.

On the other hand, standard Keynesian macroeconomics focuses on the unemployment 

problem, but does not pay attention to the sustainability issue. The intertemporal linkages 

between current production and long term effects of man-made capital accumulation are 

analyzed in multiplier-accelerator interaction models. The most famous of these models, 

the Harrod-Domar model, shows the investment required to assure growth with a desired 

level of employment (Harrod, 1939; Domar, 1946). Nevertheless, problems concerning 

changes in the stocks of non-produced assets, such as resource exhaustion or pollution, are 

not formally addressed.

The objective of this section is to link both modelling traditions in the context of a 

developing country undergoing a structural adjustment programme. The determination of 

the aggregate level of product (the simplest way of dealing with the effective demand 

problem) is the short term problem to be considered. The maintenance of a non-decreasing 

total stock of assets (the weakest definition of sustainability) addresses the long term 

problem. The point to be emphasized is the dual nature of resource depletion: effective 

demand and sustainability may have opposite effects. In the short term, natural asset 

depletion will have positive impacts on employment, because it represents an increase in 

effective demand. However, if this depletion is not balanced by investment in 

manufactured capital, it reduces the total asset stock, compromising future economic 

activity.

63



The solution to this apparent contradiction rests on combining higher investment levels 

with lower resource depletion, because investment in man-made capital has the property of 

increasing effective demand and the asset stock simultaneously. However, private 

investment is not fully controlled by policy-makers, and this ideal solution is not easily 

achievable by developing countries. Increasing exports of natural resources is a much 

easier way to generate revenues, especially when foreign exchange is required to cope 

with deficits in the balance of payments, the original motivation for adjustment 

programmes.

3.2.1 The short-term problem: full employment

The original problem addressed by Harrod (1939) and Domar (1946) was the instability 

created by the dual character of investment. In the short run, investment represents an 

additional source of demand, contributing positively to the level of employment through 

the multiplier principle. But when the investment project is finally converted into 

productive capital, there is an addition of potential capacity but no increase in effective 

demand, constituting a threat to full employment of labour or capital (the accelerator 

principle). Though a very simple model, it shows how difficult it is for the economic 

system to keep on a growth path with sustained full employment.

It should be noted that the Harrod-Domar model does not emphasize input substitution 

because the concern is not with the possibilities on the production frontier (full 

employment) but how to reach this frontier. This is fundamentally different to the 

neoclassical growth model tradition which assumes that "full employment is perpetually 

maintained" (Solow, 1970, p. 163-164): the neoclassical problem is to determine the 

optimal input allocation or output composition (consumption or investment) given that the 

economy always operates on the production frontier. It is the failure to recognize this 

difference that usually leads to the incorrect conclusion that the Harrod-Domar economy is 

rigid in the sense that input substitution is not possible. In reality, the main problem
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addressed concerns the possibility of future unemployment generated by current decisions 

about increasing the capital stock/

The objective of the model is to identify the investment rate which will lead to full 

employment over time, given some rate of population growth. Therefore there is a central 

concern about the demand for labour. However production factors other than capital and 

labour are crucial to the potential output of the economy, with explicit reference to natural 

resources and technological progress (Domar, 1946): there is the possibility that not only 

labour but other production factors are utilized at less than their maximum capacity.

In the case of natural resources, changes in their consumption level will affect both 

demand and supply equations. From the demand perspective, the spending derived from 

natural resource sales is analogous to investment: both represent an increase in effective 

demand. Therefore standard Keynesian analysis would encourage natural resource 

depletion to promote economic growth and employment. However, there is a fundamental 

difference as far as investment is concerned: current consumption of natural resources 

results in reduced productive capacity (and employment) in the future.

This dual character of natural resources has not received attention from the subsequent 

Keynesian literature. The objective of the model presented below is to discuss this unique 

characteristic of natural resources in the context of economic growth and at the same time 

establish a connection to the modem debate concerning sustainability.

3.2.2 Modelling effective demand

The model is based on the standard macroeconomic equation 3.1, where Yt is aggregate 

demand, Ct is final consumption, L is investment, Xt is exports, and Mt is imports. It is

Domar (1946) was particularly aware of changes in the capital intensity of the economy caused by 
the addition of new plants.
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assumed that the country is specialized in exporting exhaustible natural resources, being a 

price taker in the international market/"

Yt  =  G  ^ +  X ,  - M t  (3 .1)

Final consumption and the level of imports are considered functions of aggregate demand 

(assuming, for simplification, that there is no autonomous consumption or importing).

c- = c.r, (3.2)

M, -  tn.Y, (3 .3)

Therefore, the level of income is determined by the exogenous expenditures in investment 

and resource depletion, through the multiplier (a).

Yt  =   -----------   - ( I t  + X t )  = a . ( l ,  +  X t )
I - c + m (3 .4 )

The investment ratio (n) relates the level of investment to the total stock of produced assets

(Kmt).

I t  =  r t K m t  (3 5)
The depletion ratio (qO relates the level of exports of natural resources to the stock of

natural assets (Knt), both expressed in monetary values.

X,  = q , K n ,  (3 .6)

This assumption highlights the role of depletion as a source of effective demand. However, it is not 
crucial to the model, since a variable concerning exports non-related to depletion can be attached 
with no significant changes in the results.
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Equation 3.4 can be re-written to express the aggregate demand as a function of the 

investment and depletion ratios: accumulation of produced assets and liquidation of natural 

assets are substitute means of increasing short term economic activity.

Yt = ci (r , Kmt + 7)

For a constant level of income (at full employment: Yt =  Y*t) the depletion and 

accumulation ratios present a negative relationship in equation 3 . 7 . This is shown in 

equation 3.8, which provides the combination of accumulation and depletion necessary to 

achieve full employment:

_ y;
— --------  - r, •-------

a. Knt Knt (3.g)

The policy implication is clear: reducing depletion will have negative impacts on the 

economic activity and employment. Therefore, other sources of effective demand, such as 

investment in man-made capital, should replace falling levels of spending derived from 

depletion, if full employment is a policy concern.

Figure 3.1 provides a graphical interpretation of the discussion above. The usual situation 

refers to points on the left of the full employment boundary. The policy problem is to 

increase economic activity, and there are two ways to do so: more investment (upwards 

shift) or more depletion (rightwards shift) - the directions of the arrows indicate desirable 

policy moves, e.g. points of unemployment require increases in both resource depletion 

and investment in man-made capital. Points on the right of the full employment boundary 

represent over-employment situations, usually characterized by inflation. In this case, 

restrictive policies to contain excess demand are the most suitable policy recommendation.

The notation (*) denotes full employment.
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Figure 3.1 The short term problem: effective demand
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Similar results can be obtained using a Harrod-Domar dynamic model. The incremental 

man-made capital/output ratio is expressed by Rmt.

Rnit -
I ,

A n (3.9)

Rearranging equation 3.4, the share o f investment on total output (It/Yt) can be expressed 

as follows:

—  =  1 - c + rn - —
Y, Y, (3.10)

Combining equations 3.9 and 3.10, the growth rate o f the economy (yt) is determined by 

the propensity to consume (c), the propensity to import (m), the share of exports in total 

output (Xt/Yt), and the incremental man-made capital-output ratio (Rmt).

A n
Yt

1 - c + m -

Rrrit

Y,

(3.11)
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The objective o f the Harrod-Domar equation is to determine the "warranted' rate o f growth of 

income or output wiiich assures full employment (y ). Equation 3.12 shows that the warranted 

rate is a fimction of natural resource depletion and the incremental man-made capital-output 

ratio:

(If K n t1 - c + m - 
/  = _

Rmt (3.12)

Equation 3.12 states that the higher the depletion ratio (q j the easier it will be to achieve the 

warranted rate, a result equivalent to the one obtained with the static model More generally, this 

is the basic conclusion of standard macroeconomics: higher levels of natural resource depletion 

make fiill errployment an easier target in the short run.

However, no consideration is given to the future consequences of such resource depletion. If the 

economy is based on the extraction of natural resources, current depletion may affect firture 

economic activity. Indeed, the main conclusion of the Harrod-Domar model is the fundamental 

instability of capitalist economies in assuring a long term trend of fidl ençloyment. The 

introduction o f sustainability considerations, in wliich future economic activity is jeopardized by 

the current level of production, introduces yet another dimension to tins instability. This is 

discussed in the following sections, through a sustainability condition based on the maintenance 

of a non-decreasing capital stock.

3.2.3 The long-term problem: sustainability

Sustainability, like other princÿles such as democracy and justice, is easy to pronounce upon but 

hard to define. In the environmental economics literature, the debate concerning the conditions of 

sustainability tend to be based in two concepts: "weak" and "strong" sustainability.

69



The weak sustainability test is an intuitive rule based in the assumption of unconstrained 

substitutability between produced and non-produced assets. An economy is considered 

unsustainable' if total savings are lower than the combined depreciation of produced and 

non-produced assets, the former usually restricted to man-made capital and the latter to 

natural resources (Pearce and Atkinson, 1993, 1995). The idea behind this is that 

investment compensates future generations for the asset losses caused by current 

production and consumption (formally represented by the 'Hartwick rule' - see Hartwick, 

1977).

This approach has been criticized in terms of the assumptions adopted (external criticism) 

and methodological inconsistency (internal criticism). The external criticism focuses on the 

incapacity of man-made capital to substitute the vital services provided by some categories 

of natural resources. It is argued that the weak sustainability approach fails to recognize 

the unique characteristics of certain natural resources which, because they are non- 

produced assets, they cannot be replaced by human action. As a consequence of the 

previous argument, the consumption of natural capital would be irreversible, and the 

simple aggregation with man-made capital would be meaningless (Victor et a l, 1994).

The internal criticism refers to the inconsistency in the valuation of capital, an argument 

similar to the aggregation problem in the ' Cambridge-versus-Cambridge' debate on capital 

theory (Harcourt, 1972). The objective of the weak sustainability approach is to obtain one 

aggregate combining man-made and natural capital. This requires a common numeraire, a 

function attributed to the existing price system: to be valued, natural resources need to be 

referred to existing prices (man-made capital is estimated by actual market prices). 

However, it is argued that the existing price system should not be the numerary because it 

does not address many environmental issues (which is exactly the original problem 

motivating natural resource valuation). A proper price system would have to consider how 

every good would be affected if all environmental functions are monetized - but 

environmental functions can only be monetized if the price system is known. This circular 

problem would make the use of market prices in reaching a conclusion whether economies 

are developing sustainably "a rather questionable procedure" (Victor et a l, 1994, p.98).
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As an alternative to the weak sustainability approach, 'strong' indicators have been 

suggested. Strong indicators are intended to identify and measure 'critical' natural capital 

such that any positive depreciation becomes a sign of non-sustainability. 'Critical' natural 

capital would be delineated by interdisciplinary scientific work, incorporating issues such 

as the definition of minimum safety standards and maximum carrying capacity.

However, there is a huge gap between the principles behind strong sustainability and the 

elaboration of indicators which can be consistently used within the existing 

macroeconomic framework. This gap comprises not only data difficulties but, 

fundamentally, the incompatibilities between ecological procedures and traditional 

macroeconomic concepts. Indeed, it seems that the two perspectives have different 

interpretations of the concept of capital. The strong sustainability view is mainly 

concerned with the substitutability of the asset in physical terms (i.e. if the asset can be 

reproduced by human action or not) while the conventional economic theory emphasizes 

the property that capital has to store value, in the sense that it can be exchanged for any 

other asset which is socially considered to be its equivalent, independently of the way 

these assets were first obtained - capital is based on social values, rather than physical or 

biological concepts.

Therefore, despite the problems presented above, most empirical studies at the national 

level adopt the weak sustainability approach, including all the environmental accounting 

exercises (Repetto et al., 1989; Solorzano et at., 1991; Cruz and Repetto, 1992; 

Bartelmus et a l ,  1993b; van Tongeren et a l, 1993). For the same reasons, this analysis 

will adopt the weak sustainability approach. It can be argued that the weak sustainability 

approach provides at least a necessary, if not a sufficient condition: if the economy fails 

this test it will probably fail other more rigorous tests.

It is theoretically possible that an economy fails the weak sustainability test without failing to meet 
the strong sustainability criteria. This may be the case of an economy under declining economic 
activity which temporarily survives by the consumption of man-made capital previously accumulated 
but does not deplete/degradate its natural resource allowance. However, the most likely situation of a 
society getting economically poorer is that the pressure for depleting natural resources will increase, 
with the economy failing both weak and strong sustainability tests.
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3.2.4 Modelling sustainability

In formal terms, the (weak) sustainability condition can expressed as;

^Kntt + ^Krit ^ 0 (3.13)

The changes in the stock of produced capital is net investment, i.e gross investment minus 

depreciation. The amount of depreciation is determined by an annual rate (d) and the stock 

of produced assets (equation 3.14).

^ K r j i t  ~  (v t  -  d ).K rrit (3.14)

The changes in the stock of natural assets are determined by the difference between any 

natural growth of the resources (where these are renewable) and actual depletion, both 

expressed in monetary values. The growth or decline of these resources is determined the 

natural growth rate (g) of the stock of natural assets.

^ Kn,  = (g - qJ.Kn, (3.15)

Therefore, the sustainability principle requires that net investment should not be smaller 

than net depletion. Inequality 3.13 now becomes:

[(rt - d).Kmt + - qJ-Km]  ^  0

For an economy where the natural rate of growth (g) of the exported resources is higher 

than the rate of depletion (qO, sustainability and hill employment may be compatible even 

if economic growth is achieved by increasing depletion. However, this is not the case for 

non-renewable resources, where g is equal to zero, and for 'mined' renewable resources, 

where g is smaller than qt. For them, there is a trade-off between current economic
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activity and future stocks of the resources: more exports of natural resources can only be 

achieved by reducing natural capital (see chapter 6 for an analysis of the export-led boom 

of mineral extraction in Brazil).

This is so because the accumulation of produced assets and the liquidation of natural assets 

present opposite results for the objective of sustainability. Assuming a given level of 

investment, there is a maximum amount of resource depletion that the economy can afford 

without compromising its sustainability.

q, < (r, - d ) . ^  + g
(3.17)

In other words, the sustainability condition imposes a limit on how far depletion can go 

without putting at risk the future productive capacity of the economy. This is an important 

policy result, because natural resource exhaustion is usually seen as a costless way to 

finance economic development. Establishing such a limit is even more important in 

developing economies, which are often resource dependent, where policy-makers 

generally have more control on the rate at which their natural resources are depleted than 

on the level of investment in man made capital.

This limit is represented by the line shown in figure 3.2. The economy is operating at a 

sustainable level if the combination of accumulation and depletion rates appear on or 

above the line; any combination below the line means that the economic activity is being 

sustained through a net loss of wealth.
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Figure 3.2 The long term problem: (weak) sustainability
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3.2.5 Combining short term and long term objectives

The concurrent achievement of both short and long term objectives should be a concern 

of policy-makers. In formal terms, this requires the determination of values for qt and n 

that obey simultaneously both the full employment requirement (equations 3.8 or 3.12) 

and the sustainability principle (condition 3.17).

Expression 3.18 presents both requisites in terms of growth ra te s ,re su ltin g  in a more 

restrictive expression for the warranted rate:

r, ■ Km, (3.18)

The impact o f introducing the sustainability condition is to raise the warranted rate of 

growth whenever net depletion exceeds net investment: the introduction of a sustainability

The equation on the riglit side of expression 3,18 is obtained by applying equations 3.5, 3.6 and 3.9 
to equation 3.12.
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condition may increase the required levels o f investment even if full employment has 

already been achieved. At this limit situation, increasing investment is only possible if 

aggregate consumption is reduced, the conventional neoclassical solution.

The original problem addressed by Harrod (1939) and Domar (1946) was the difficulty of 

keeping the economy at this full employment position. The sustainability requirement 

introduces a new dimension to this instability: it is not enough for the policy makers to 

establish a full employment target in the short run (the traditional problem in the Harrod- 

Domar tradition), it is also necessary to check whether this situation will jeopardize future 

levels of economic activity.

The problem is aggravated because investment is relatively rigid in response to policy 

instruments, especially in developing countries. If investment in man made capita cannot 

be increased by policy incentives, the control of resource depletion becomes the only 

available instrument to achieve two different objectives: full employment and 

sustainability. However, it is possible that both objectives imply contradictory policy 

recommendations. This is shown in figure 3.3, which combines the results from the 

previous sections.

Figure 3.3 Combining short term and long term conditions
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B
i . X -------- ^----  D

t
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Areas C and D (including the full employment boundary) represent the situations usually 

covered by the conventional environmental economics literature. The typical neoclassical 

situation occurs at the points precisely on the full employment boundary. There is no 

consideration at the effective demand problem because every factor of production is 

considered to be fully employed. On the contrary, excessive nominal demand should be 

contained in order to avoid inflation. In both areas, the impact of reducing resource 

depletion is unambiguously positive because sustainability is increased without facing the 

risk of short term unemployment.

The symmetric situation is described in area B, the typical Keynesian situation. There is no 

sustainability problem, and unemployment is the only problem to be solved. Hence, an 

increase of the activity level should be pursued, and depletion can be stimulated together 

with investment.

The situation in area A is far more complicated, and is closer to the reality of developing 

countries in economic and environmental crisis. The best policy recommendation is to 

increase the investment level, because this promotes economic activity and increases the 

accumulation of capital. However, as discussed above, economic policy has limited power 

in the determination of investment level. Private and foreign investment are determined 

exogenously to governmental decisions, and the expansion of public investment has 

important funding constraints. In developing countries, the control of resource depletion is 

a much easier instrument to deal with, and in many circumstances, the only instrument 

available. However, the two policy objectives present contradictory guidelines to depletion 

management. On the one hand, depletion should be stimulated in order to increase the 

employment level. On the other hand, depletion should be decreased in order to achieve 

sustainability.

The difference in the two areas concerns policy recommendation about investment. Increases in nominal 
investment would result in more inflation (reduction of real consumption through forced savings), but 
getting closer to a position of sustainability. In area C, it is not a positive recommendation, because the 
economy is already sustainable, but in area D it may be interesting. Nevertheless, this conclusion is 
unlikely to occur in reality, because inflation tends to depress real investment. Reduction of the depletion 
rate is a much easier, safer and more efficient way to reduce nominal aggregate demand in both 
situations.
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Tliis dilemma illustrates the controversy about adjustment programmes in developing 

countries. Defenders argue that adjustment reforms are essential to private business, 

favouring investment. In this case, the contradiction is solved through the rise in the 

investment level. Path a in figure 3.4 illustrates this optimistic point o f view: the economy 

moves in the direction of the full employment and sustainability boundaries 

simultaneously.

Figure 3.4 Structural adjustment policies: alternative perspectives
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Nevertheless, many critics argue that certain adjustment policies (particularly the ones 

connected to stabilization objectives) result in the opposite impact on investment. They 

argue that the contraction o f public investment, the increase of interest rates due to tough 

monetary policies, and the fall in real wages will depress rather than stimulate private 

investment. The consequent increasing unemployment and poverty will result in faster 

depletion of local resources. This pessimistic situation is illustrated by path b: falling 

investment is partially compensated by raising depletion, and the economy moves even 

farther from the locus of sustainable positions.
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An intermediate result is also possible. Empirical studies have shown investment 

increasing in successful adjustment experiences, but accompanied by increased depletion. 

In other words, economic growth may be achieved at the cost of losing natural resources. 

Path c illustrates this situation; the economy moves upwards and rightwards, coming 

closer to the full employment boundary. The impact on sustainability will depend on the 

net balance between the increase of produced assets and the decrease of natural assets.

3.3 Empirical analysis

Empirical tests based on the model introduced in the previous section face two main 

difficulties: to gather comparable data on natural resource depletion, and to find a Just 

definition of adjustment policies' that can be translated in quantitative terms. Given these 

constraints, the objective of this section is to undertake some empirical exercises in order 

to test whether existing data support any general statement about macroeconomic 

adjustment policies and the environment.

The first exercise deals with a cross-section of 71 countries. It relates depletion/GNP ratios 

to two of the most important adjustment objectives: the increase in net savings and the 

reduction in foreign borrowing needs.

The second exercise looks at a more precise definition of adjustment policies, based on a 

World Bank study concerning adjustment in Africa.

The use of environmentally adjusted national accounts allows a more detailed analysis of 

the parameters discussed in the model presented in Section 3.2. The third exercise 

examines the behaviour of such parameters in two Asian countries which experienced 

adjustment reforms, though with different results: Indonesia and the Philippines.

3.3.1 Cross-section: macroeconomic objectives vs. depletion

The first exercise investigates the relationship between the level of depletion and the 

macroeconomic objectives of adjustment reforms: increasing man-made capital
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accumulation and decreasing the need for external borrowing. The objective is to verify if 

any consistent association between the variables is supported by empirical evidence.

The exercise was based on a cross-section analysis, using a sample of 71 developing 

countries from Africa, Latin America and Asia for the period 1981/90. The ratio of 

depletion to gross national product (GNP) was used as a proxy for the level of natural 

resource consumption. Data were extracted from Hamilton (1995), and refer to mineral 

and forest resources. Mineral depletion was obtained by combining extraction (measured 

in physical units) and the net price of the resource (international market price minus 

extraction costs, including mining, beneficiation, transportation and the opportunity cost of 

capital invested). Forest depletion was estimated by the aggregate deforestation valued by 

an stumpage rate of 50% of the market price of a representative 'basket' of commercial 

timber extracted in the country.

The variable chosen to represent man-made capital accumulation was the ratio of net 

savings to the GNP. The improvement in the external trade situation was estimated by 

the ratio of the surplus on current transactions in the balance of payments (SCT) to the 

GNP. The mean of each variable was estimated for three periods: 1981/85, 1986/90 and 

1981/90. For each period, the coefficient of correlation among depletion and the other 

variables was estimated. Data were also taken from Hamilton (1995), based on World 

Bank macroeconomic data tables.

Figures 3.5 and 3.6 plot the results considering the 1981/90 period, and table 3.1 presents 

some statistical results.

Investment would be a more appropriate variable to measure man made capital accumulation, according 
to the model. However, the man-made capital accumulation variable in the data basis obtained from 
Hamilton (1995) is savings.
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Figure 3.5
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Figure 3.6 Depletion and the surplus on current transactions: average ratios to 
GNP, 1981/90
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Table 3.1 Depletion: correlation with macroeconomic objectives of adjustment

Period
Depletion 
(% GNP)

Correlation with net investment Correlation with the surplus on 
current transactions

Mean CoefiFicient t-statistic Coefficient t-statistic

1981/85 10.5% 0.326 2.863" 0.333 2.938*

1986/90 10.7% -0.285 -2.471* -0.047 -0.390

1981/90 10.6% 0.013 0.106 0.223 1.902**

Obs: Significant at the 95% confidence level (bi-caudal test)
** Significant at the 90% confidence level (bi-caudal test)

It can be seen that no simple relationship between the variables can be derived from the 

statistical tests. In the 1981/85 period, depletion is positively related to both net savings 

and the surplus on current transactions. However, this relationship is inverted in the 

1986/90 period (without statistical significance in the case of the surplus on current 

transactions). For the whole 1981/90 period, the correlation coefficients are positive but 

both lack statistical significance at the 95% level.

Tliese results suggest that the level of depletion and the chosen macroeconomic variables 

are affected by other variables which were not considered in this exercise. This would 

explain the reversing signals of the correlation coefficients through time. In other words, 

the data do not support a permanent, direct relationship between resource depletion and the 

macroeconomic objectives of adjustment, such as stated by the assertion that 'adjustment 

objectives tend to favour the environment'. For the period as a whole, the positive 

correlation between depletion and the surplus on current transactions might suggest the 

opposite, i.e. improving the trade balance is associated with higher dependency on 

resource extraction. Nevertheless, the low level of significance (90%) and the non- 

observance of such a relationship during the 1986/90 period make such a generalization 

invalid.

This exercise has clear limitations. Firstly, the data on depletion is particularly 

problematic, given the many assumptions required for the estimation of both the prices 

and quantities of the resources considered. Secondly, macroeconomic variables are 

influenced by a vast number of events which are very difficult to capture in a simple
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model. This is probably one of the reasons for the contradictory results observed over 

time. Finally, the exercise concentrates on aggregate macroeconomic objectives which 

may not be the consequence of adjustment policies. For example, some countries have a 

structural surplus on current transactions given their initial endowment of a natural 

resource (for example, petroleum) which is not a consequence of any macroeconomic 

reform. It can be also argued that the variables chosen do not properly represent 

adjustment reform.

3.3.2 Adjustment policies and resource depletion in Sub-Saharan Africa

The World Bank recently published a study defending the adoption of adjustment reforms 

in Africa (World Bank, 1994b). The study is based on a review of policies undertaken in 

29 Sub-Saharan African countries. The overall conclusion is that policy reforms have been 

uneven across sectors and countries, but economic performance was better where 

adjustment policies were adopted with greater depth. However, it is recognised that 

adjustment alone will not provide sustained economic growth and poverty reduction. More 

investment in human capital, infrastructure and institution building, along with better 

governance, are also required.

The section on adjustment and the environment is limited to a brief discussion about the 

hypothesis that adjustment policies have brought harm to the environment, a statement 

presented in the Bruntland report (World Comission on Environment and Development,

1987) and in documents from environmental organizations (e.g. Conservation 

International and Friends of the Earth). The defence presented by the World Bank study is 

based on the argument that the research base is very limited, not allowing precise 

conclusions on the matter. Indeed, the section on environment is the only one in the whole 

study which lacked any empirical analysis.

One way to contribute to this debate is to contrast the data on depletion used in the 

previous exercise with the indices of change in macroeconomic policies provided by the 

World Bank study. The indices of policy change were obtained by combining each 

country's scores of improvement in the implementation of adjustment reforms in each of
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the three areas (fiscal, monetary and exchange rate policies) in two periods: 1981/86 and 

1987/91. The overall score is the average value of these three scores. Countries with an 

overall score of 1.0 or more were described as having a large improvement in 

macroeconomic policies (i.e., according to the adjustment objectives). An overall score 

between 0 and 1 was described as small improvement, and a negative score was 

associated to deterioration in macroeconomic policies.

Table 3.2 presents the policy score for the 20 countries for which data on resource 

depletion is also available. A higher score is associated with policy improvements 

according to the objectives of the adjustment programmes proposed by the World Bank 

study. Figure 3.7 compares the three groups of countries in terms of their dependence on 

resource depletion (as defined in the previous section, i.e., the natural resource 

depletion/GNP ratio). This figure suggests that, after the implementation of the adjustment 

programmes in the mid 1980s, the dependence on resource depletion has increased more 

in the countries considered to have had large improvement in following the adjustment 

objectives.

Table 3.2 Sub-Saharan Africa: change in macroeconomic policies, 1981/86 to 
1987/91

Group Country Fiscal Policy 
Score

Monetary 
Policy Score

Exchange Rate 
Policy Score

Overall Change 
Score

Large Ghana 2.0 1.5 3.0 2.2
improvement Burkina Faso 3.0 1.0 -1.0 1.0

Nigeria 1.0 -1.0 3.0 1.0
Zimbabwe 1.0 -0.5 2.5 1.0

Small Madagascar 0.0 0.5 2.0 0.8
improvement Malawi 2.0 -0.5 1.0 0.8

Burundi 0.0 0.0 1.5 0.5
Kenya 0.0 0.0 1.5 0.5
Mali 1.0 1.5 -1.0 0.5

Mauritania 1.0 0.5 0.0 0.5
Senegal 2.0 1.5 -2.0 0.5
Niger -1.0 1.0 1.0 0.3

Uganda 0.0 -2.0 2.5 0.2

Deterioration Rwanda -1.0 0.0 0.5 -0.2
Sierra Leone 1.0 -1.5 0.0 -0.2

Zambia 1.0 -2.0 0.0 -0.3
Mozambique -2.0 -3.0 3.0 -0.7

Congo -2.0 0.5 -1.0 -0.8
Côte d'Ivoire -3.0 1.0 -2.0 -1.3

Cameroon -3.0 0.5 -2.0 -1.5

Source: World Bank ( 1994b)
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Figure 3.7 Sub-Saharan Africa: depletion (% GNP) according to policy change 
groups, 1981/89
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In order to investigate this apparent bias against resource conservation, another exercise 

was carried out. For each country a score of change in the level of depletion was built in a 

similar way to the ones used in the estimation of the policy changes: the difference 

between the average value of the depletion ratio to the GNP in the 1986/90 and 1981/85 

periods. This depletion score was then crossed against the respective policy indices to 

check whether any significant correlation could be obtained.

Figure 3.8 plots the cross-section between the changes in the depletion ratio and the 

overall change in macroeconomic policies, and table 3.3 summarizes the results obtained 

using Kendall's tau measure of rank correlation.^^

Kendall's tau is a measure of rank correlation that can be used as a statistic to test the null hypothesis of 
independence between two paired samples when the type of measurement involved is ordinal. The 
results from the Kendall's tau are generally similar to the ones obtained by the use of Spearman's 
correlation coefficients, the other common measure of rank correlation (Conover, 1980).
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Figure 3.8 Sub-Saharan Africa: change in macroeconomic policies (1981/86 to 
1987/91) and depletion (1981/86 to 1987/90)
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Table 3.3 Rank correlation: change in depletion ratio vs. change in
macroeconomic policies

Fiscal Policy Monetary Policy Exchange Rate Policy Overall Score

Kendall's tau 0.2443 -0.3585 0.4661 0.2393

Confidence level 
(bi-caudal), n=20

86.8% 97.3% 99.6% 86.0%

The correlation between the change in the depletion ratio and the overall score of 

macroeconomic reform is positive but at a low level of statistical significance (86%). This 

is explained by the opposite effects of monetary and exchange rate policies. The score for 

monetary policies is a combination of the level of seigniorage (change in the monetary 

basis in relation to the GNP) and inflation. Therefore, the negative correlation between the 

monetary policy score and the change in the resource depletion ratio (significant at the 

95% level) indicates that price stability encourages resource conservation. On the other 

hand, the exchange rate policy index, which combines depreciation of the real effective 

exchange rate and the difference between official and parallel rates, is positively related to
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resource depletion (significant at the 99% level). The effect of the fiscal policy is also 

positive, but with a low significance level (86%).

In other words, adjustment reforms had ambiguous effects on the increase of resource 

depletion in Africa. Price stability was associated with resource conservation but the 

devaluation of the exchange rate represented an incentive to increase resource exports. The 

overall score of adjustment reforms is positively related to the increase in the 

depletion/GNP ratio, but at a relatively low level of statistical significance. It can be said 

that, at least, the hypothesis that the implementation of macroeconomic policies according 

to adjustment reforms have generated a bias in favour of natural resource conservation is 

not supported by the data from the African countries analyzed.

3.3.3 Country case studies: Indonesia and the Philippines

Environmentally adjusted national accounting exercises are another possible source of data 

which is suitable for testing the consequences of adjustment policies. Since these exercises 

usually provide values for the total stock of natural resources, it is possible to apply the 

relations developed in the model presented in section 3.2 (investment and depletion ratios 

relative to the stocks of man-made and natural capital, respectively, rather than to the 

GNP). This section uses such data from two countries which experienced adjustment 

reforms during the 1980s.

(i) Indonesia

Indonesia is considered to have had a notable successful adjustment experience. 

Adjustment took place after 1981, under conditions much less adverse than in most other 

indebted countries. The revenues from petroleum exports and a relatively well-controlled 

public deficit allowed avoidance of tough measures. Economic growth was sustained at 

high averages, and social indicators improved in the period (Thorbecke, 1991).

However, the country still faces many problems, and the acceleration of natural resource 

depletion is one of the most important. Despite the industrial boom, the economy is still
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dependent on natural resources: Repetto et al. (1989) estimate that 88% of 1988 exports 

were based on natural resources. Deforestation is a major environmental problem, caused 

by timber harvest and migration for agricultural purposes. Soil erosion is increasing, and 

pollution affects millions of people in urban centres.

Table 3.4 and figure 3.9 present the estimates for the accumulation and depletion ratios. 

During the adjustment years, the growth trend was maintained. The investment ratio (r) 

and the share of gross domestic investment (GDI) to GDP increased. The same happened 

to the depletion ratio (q) and to the share of resource depletion to GDP: both variables 

presented significant increases.

These results indicate that accumulation of produced assets has not resulted in the 

reduction of natural resource depletion. Indeed, the data suggests that investment and 

depletion are interlinked. The revenues obtained from timber and oil extraction might have 

financed the boom of industrial investment, and some investment must have been required 

to permit the expansion of resource extraction. Therefore, the Indonesia example seems to 

be in accord with the intermediate situation described by path c in figure 3.4.

Table 3.4 Indonesia 1971/1984

Year GDP growth (%) GDI/GDP (%) r(%) DEPL/GDP(%) q(%)

1971 5.5 15.8 7.9 10.6 0.6
1972 9.4 18.8 9.7 13.7 0.8
1973 11.3 17.9 9.6 17.6 0.9
1974 8.0 16.8 9.2 24.6 1.2
1975 4.6 20.3 10.8 19.3 1.5
1976 6.9 20.7 10.9 20.8 1.4
1977 8.9 20.1 10.7 20.8 1.6
1978 7.7 20.5 10.9 18.2 1.6
1979 6.3 20.9 10.9 22.9 1.1
1980 9.9 20.9 11.0 28.0 1.3
1981 7.9 22.4 11.7 25.7 1.7
1982 2.2 22.6 111 19.0 1.3
1983 4.2 29.4 13.5 24.0 2.3
1984 5.3 26.3 11.6 18.6 1.7

Note: Estimates based on Repetto et al. (1989)
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Figure 3.9 Indonesia 1971/84: investment and net depletion ratios
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(ii) The Philippines

By contrast, the Philippines has experienced a painful adjustment process. The start of 

adjustment programmes in 1981 was followed by a deep recession. Real wages and 

employment fell drastically, with considerable increase in the incidence of poverty. 

Migration towards marginal areas, resource depletion and environmental degradation are 

pointed to as consequences of such a process (Cmz and Repetto, 1992).

Table 3.5 presents estimates of economic growth, investment and resource depletion in the 

Philippines. Depletion is restricted to net changes in the timber stock, due to the lack of 

data for other resources. The growth trend of the 1970s was stopped, and net investment 

started to fall steadily. On the other hand, depletion of the timber stock has accelerated 

after the initiation of the adjustment programmes.

This result contradicts the conclusion of Cruz and Repetto (1992), who assume that depletion has 
decreased as a share of GDP. The reason is due to the methodology used to estimate resource depletion. 
Cruz and Repetto (1992) considered the revaluation of remaining stocks as an income increase, basing 
their depletion estimates on the differences between the monetary values of initial and closing forest 
stocks. This stock difference has increased less than actual depletion because timber net prices have 
increased faster than the area deforested. This revaluation effect lead Cruz and Repetto (1992) to 
conclude that the ratio of timber asset loss to the GDP has decreased during adjustment. However, the 
same data show that commercial harvest has steadily increased during the whole period analyzed.
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Figure 3.10 shows the evolution of the net depletion ratio (q - g) and the investment ratio 

(r). These results suggest that resource depletion rose to compensate for the decline of 

economic activity. Consequently, the Philippines experience seems to be closer to the 

pessimistic' case described by path b in figure 3.4.

Sparse information and qualitative references concerning other resources show that natural 

asset losses extended beyond timber loss. Cruz and Repetto (1992) point out a strong 

relationship between increasing rural poverty, migration to mountain areas and soil 

erosion. Another flow described concerns fishery over-harvest caused by migration to 

coastal areas. These elements suggest that resource overuse has been dramatic, through the 

poverty-environmental degradation link.

Table 3.5 The Philippines 1971/1987: investment and net depletion ratios

Year GDP growth (%) GDI/GDP (%) r(94) DEPL/GDP(%) q - g  (%)

1971 5.2 21.2 10.2 4.2 2.2
1972 5.2 20.9 9.9 3.8 2.0
1973 6.6 20.6 9.9 5.1 1.9
1974 6.6 20.8 11.4 6.3 2.2
1975 6.6 24.4 12.5 6.4 3.0
1976 8.0 27.7 12.1 6.0 1.9
1977 6.1 27.4 11.3 7.1 2.2
1978 5.5 26.5 11.5 6.8 2.3
1979 6.3 27.9 11.9 9.4 1.8
1980 5.2 29.9 11.0 13.0 2.3
1981 3.9 28.8 10.3 11.3 2.9
1982 2.9 28.3 9.3 8.7 2.5
1983 0.9 26.7 8.3 10.0 3.4
1984 -0.6 25.0 5.4 14.1 2.0
1985 -4.3 17.9 3.6 18.4 2.8
1986 1.5 12.8 3.8 18.0 2.7
1987 5.1 13.7 4.4 20.5 2.7

Note: Estimates based on Cruz and Repetto (1992)
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Figure 3.10 The Philippines 1971/87: investment and net depletion ratios
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3.4 Conclusion

The analysis developed in this chapter suggests that, if any generic relationship could be 

drawn, it would be in favour of the hypothesis that macroeconomic adjustment policies 

tend to increase the level of depletion. This point is supported by the theoretical analysis 

(resource depletion is a relatively simple way to increase the level of economic activity and 

to improve the balance of payment situation) and by the average results from most of the 

empirical tests. However, there is a considerable diversity in situations, which is reflected 

in the lack of statistical significance in most of the empirical exercises. In any case, one 

important conclusion is that no evidence was found to support of the hypothesis that 

adjustment policies have a bias in favour of the environment, at least in terms of resource 

depletion.

In this chapter, the problem of sustainability has been restricted to the depletion of 

marketable natural resources. However environmental degradation is not a less important 

problem in developing countries. Water and air pollution tend to affect especially the poor; 

poor families are the predominant dwellers in the riskier rural and urban areas, they have 

less political power to pressure governments to improve environmental standards and they 

cannot afford to pay the mitigation costs by themselves.

90



One possible argument in defense of adjustment programmes is that they increase the 

efficiency in the economy, which may result in lower emission levels (as in the case of 

reducing the subsidies on energy prices, for example). But the consideration of pollution 

and other degradation impacts should also contemplate the multiplier effects of the 

economic activities. For example, the expansion of an industry requires inputs from other 

industries, each one with different environmental standards. The whole chain of effects 

derived from the original investment should be considered, requiring an input-output 

approach which has not been included in this analysis. Even if emissions are reduced at the 

margin, total pollution may increase (see the Thailand experience described in section 

2.5.2.3).

A possible way to overcome this limitation is to consider environmental quality as another 

form of natural capital (Kq). Damages caused by environmental degradation can be valued 

in monetary terms and regarded as capital losses (for example, see Tongeren et a i, 1993). 

The new condition for 'weak' sustainability becomes;

A Km, + A Kn, + A Kq^ > 0

Therefore only clean' investment in man-made capital has unambiguous positive impacts 

on effective demand and the environment. Dirty' investment (i.e., investment which 

causes direct or indirect expansion of environmentally harmful industries) will increase the 

stock of man-made capital but at the cost of reducing natural capital: the net impact on 

total stock would be obtained by extracting the total extension of degradation costs from 

the value of the investment. The final result would be more restrictive conditions to 

simultaneously achieve short term full employment and long term sustainability.
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PART II

THE BRAZILIAN EXPERIENCE
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EXTERNAL ADJUSTMENT VERSUS STABILISATION: 

MACROECONOMIC POLICY IN BRAZIL, 1974/95

This chapter presents a brief summary of Brazilian macroeconomic policy from the 

adjustment to the oil crisis in the late 1970s to the recent Real Plan. The objective is to 

delineate the internal policy changes made in response to external adjustment pressure (or 

policies designed to avoid such pressures), the environmental consequences of which are 

discussed in the next chapters.

A common problem in the study of adjustment policies concerns the many different 

interpretations that can be given to the term. In theory, the standard adjustment 

programme would combine measures to reduce the aggregate domestic absorption 

(through reducing the level of expenditure) with policies favouring the export sector. 

However, the application of such principles into real' policies may vary considerably 

country by country.

This is particularly true for Brazil, which has been a laboratory of economic policies of the 

most diverse theoretical background, and their implementation frequently coincided with 

other measures aiming at opposite objectives. Therefore, the first step is to define what 

can be described as an 'adjustment policy'; an economic policy carried out with the 

objective of improving the balance of payment (external adjustment) or to reduce the 

public deficit and inflation (stabilisation). As discussed in chapter 2, these two broad 

objectives are intended to be complementary. However, the analysis carried out in this 

chapter shows that, at least in the Brazilian experience, they may result in very 

contradictory results.

4.1 The Geisel Government: 1974/79

Brazil was severely hit by the oil shock in 1974. Being very dependent on oil imports (up 

to two thirds of total imports), the country's external situation deteriorated rapidly. An
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additional blow was the decline on exports caused by the world recession. At this time two 

options were presented: to reduce substantially economic growth (the average GDP rate of 

growth for the 1968/74 economic miracle' period was 11% a.a.) in order to reduce the 

demand for imports, petroleum in particular; or to keep the economy growing, but re

directing the policy efforts in order to reduce the dependence on imports and stimulating 

exports.

Table 4.1 Brazil: macroeconomic indicators, 1971/91

Year GDP growth 
% change a.a. 

(constant prices)

Inflation 
% change a.a. 

(variation in the 
GDP deflator)

Current account 
balance 

% of GDP 
(current prices)

Merchandise 
exports 

% change a.a. 
(constant prices)

Merchandise 
imports 

% change a.a. 
(constant prices)

1971 11.3 19.9 -3.4 6.3 18.4

1972 12.3 18.9 -2.9 24.9 14.6

1973 14.4 22.2 -2.7 6.4 15.2

1974 9.0 34.8 -7.2 5.1 13.3

1975 5.2 33.9 -5.7 15.1 -4.8

1976 9.8 47.6 -4.3 1.8 0.3

1977 4.6 46.2 -2.9 -1.9 -9.3

1978 3.2 41.1 -3.5 11.5 4.8

1979 6.8 56.5 -4.7 8.3 4.4

1980 9.1 87.3 -5.5 23.3 -2.4

1981 -4.4 107.2 -4.5 19.6 -8.4

1982 0.6 104.8 -5.8 -5.2 -5.8

1983 -3.4 140.2 -3.4 13.2 -14.0

1984 5.4 212.5 -0.1 22.5 -9.5

1985 7.9 231.8 -0.2 2.1 -4.0

1986 8.0 145.2 -1.9 -18.1 25.8

1987 3.3 204.9 -0.5 14.5 -8.0

1988 -0.2 648.9 1.3 12.7 -7.1

1989 3.3 1322.4 0.4 8.7 28.8

1990 -4.2 2567.7 -0.6 -15.4 13.6

1991 1.2 414.7 -0.7 2.5 7.3

Source: World Bank
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Table 4.2 Brazil: external indicators, 1971/93, US$ current prices

Year
Merch.
exports

US$
Millions

Merchandise
imports

External Debt Long-Term Interest 
Payments

Terms 
of trade

1987=100

US$
Millions

Fuels/
imports

US$
Millions

Debt/
exports

US$
Millions

Interest/
exports

1971 2,904 3,696 14% 6,636 229% 297 10% 173

1972 3,991 4,776 13% 10,176 255% 425 11% 169

1973 6,199 6,992 15% 12,950 209% 748 12% 194

1974 7,951 14,163 24% 19,432 244% 1,472 19% 133

1975 8,669 13,578 26% 23,769 274% 2,056 24% 125

1976 10,128 13,713 32% 29,064 287% 1,720 17% 142

1977 12,120 13,254 34% 41,431 342% 2,027 17% 163

1978 12,659 15,016 33% 53,845 425% 3,131 25% 141

1979 15,244 19,731 37% 60,713 398% 4,760 31% 124

1980 20,132 24,949 43% 71,046 353% 6,333 31% 103

1981 23,292 24,072 51% 81,002 348% 7,993 34% 95

1982 20,173 21,061 54% 92,990 461% 9,391 47% 93

1983 21,898 17,233 54% 98,368 449% 8,032 37% 94

1984 27,005 15,209 53% 105,424 390% 7,636 28% 97

1985 25,639 14,329 47% 106,148 414% 7,463 29% 92

1986 22,383 15,555 27% 113,735 508% 6,431 29% 113

1987 26,229 16,578 33% 123,864 472% 6,426 25% 100

1988 33,759 16,054 30% 115,726 343% 11,749 35% 109

1989 34,290 19,857 26% 111,379 325% 4,364 13% 107

1990 31,397 22,458 27% 116,417 371% 2,166 7% 116

1991 31,610 22,959 26% 116,514 369% 4,030 13% 119

1992 35,956 23,115 22% 121,110 337% 2,992 8% 108

1993 38,597 25,439 16% 132,749 344% 3,020 8% 97

Source: World Bank

The option for reducing economic growth, supported by the economic orthodoxy, was 

based on the assumption that a temporary but painfiil adjustment was required in order to
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recover the equilibrium in the external accounts. However, the government was concerned 

that the economic improvements from the early 1970s (the so-called 'Brazilian Miracle') 

could be jeopardized, especially in the industrial sector. Also, the country was still under 

military rule, and an economic crisis would have represented a threat to the objective of 

General-and-President Geisel to a slow, conservative return to democracy. During the 

'economic miracle' income concentration had worsened considerably, and a wage 

repression would have added more power to the opposition in their campaign for a rapid 

return to democracy.

The option of the Brazilian government was to adjust with growth. The II National 

Development Plan (II PND: 1975-79) drew an ambitious plan of supply side adjustment in 

the long term. The emphasis was to complete the import substitution process, mainly in 

the areas of intermediate goods and energy. Also, it included export incentives, in order to 

improve the capacity of accumulating foreign currency. However most of the funding 

required to complete the 'industrial transition' was obtained through external indebtedness.

The strategy of the II PND combined investments in the import-substitution of basic 

industrial inputs and capital goods, expansion of the economic infrastructure, and severe 

measures to reduce oil and other imports. The efforts to reduce the dependence on 

imported oil included price increases, many restrictions on the commercialization of oil 

derivatives and the Proalcool programme, aimed at the substitution of gasoline by sugar 

cane ethanol. The investments were carried out by state enterprises (in areas where the 

expected profitability was considered not to attract private investors) and the private sector 

(with massive subsidized credit from the state development bank). Other measures to 

subsidize the domestic private sector were the establishment of export fiscal and credit 

incentives, and the tightening of import barriers (aimed at the protection of the 'national 

similar).

The appropriateness of such measures is still the subject of controversy. Critics argue that 

the II PND was too ambitious for a such critical moment. Also, it contributed significantly 

to increase the stock of the external debt and the state interference in the economy. In
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other words, the policy makers were only postponing the adoption of the restrictive 

measures but, at the same time, there was a worsening of the fiscal situation, the 

oligopolistic character of the Brazilian industry had been accentuated even further, and the 

painful cost of the increasing external debt would be known only during the next decade.

On the other hand, defenders argue that the liquidity in the international markets, caused 

by the excess of petrodollars, offered the possibility of obtaining cheap money. Unlike 

other developing countries where external loans returned to the international markets 

through capital flight, most of the currency obtained was used to development projects 

with significant impacts on the supply structure of the country. The pessimism about 

export growth possibilities led to the necessity of import reduction. The argument was that 

the country would have faced continuous problems in its external accounts if the economy 

did not become less dependent on the imports of intermediate inputs and energy. 

Following the growth-cum-debt cycle, these projects would return in the long term the 

foreign exchange required in the present (Batista, 1986). A recession would have caused a 

drastic fall in the domestic investment, and the only possible adjustment in such situation 

would be the impoverishment of the country and its return to the position of exporter of 

natural resource based goods. As Castro and Souza (1985) argue, the difficulties brought 

by the oil crisis were not an obstacle to the II PND but the reason of its existence.

Whatever the opinion about the appropriateness of the II PND, the relevance of the 

discussion is diluted by the mismanagement that would come later, after the dramatic 

increase of interest rates in 1979. As one of the critics of the adjustment-with-growth 

option argues, the mistakes of the 1970s lose completely their significance if compared to 

the disasters of the 1980s (Cameiro, 1990).

4.2 The Figueiredo Government: 1979/85

The Figueiredo government, the last headed by the military, resumed in 1979. Since its 

start, the new administration had to cope with the conjunction of several structural crises
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which persisted throughout the 1980s, resulting in one of the most difficult periods for 

Brazilian economic history.

Firstly, the strategy of import substitution would be over even without any external 

funding constraint: after the completion of the II PND there would be no gaps in the 

production chain that would justify massive governmental investment. In that sense, 

Brazilian industry was ending a long term cycle of state-led industrialization, and there 

was a need to consolidate a new style of growth, where the private sector could be more 

competitive and less dependent on state protection and guidance.

The new social environment brought by the democratization process was also pressing for 

changes. After years of repression, workers' unions became gradually more powerful in 

their claims. The economic boom in the 1970s did not represent a significant decrease in 

the poverty level and had been even less effective to revert the extraordinary income 

concentration. The economic strategy of the military governments was once summarized 

by a powerful policy-maker as 'first, to grow the cake, and only then to divide it'. The 

improvement in the political situation had signalled to the workers that it was the time to 

claim their share.

In the political arena, the relaxing of the authoritarian instruments had meant that the 

government was more fragile than its predecessors. The Figueiredo government was 

characterized by the continuous struggle of the conservative alliance ruling the country to 

postpone the transition to a fiilly-democratic government: the government was inclined to 

provide political concessions only if they could avoid true reforms. The dual party system 

- government (ARENA) and opposition (MDB) - established during the military rule was 

abolished, in order to avoid the probable victory of the opposition in the forthcoming 

presidential succession. As a consequence, the new multiple party system was much more 

unstable, and since then every government have had considerable difficulties in consolidate 

and even identify a majority representation in the Congress.
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Finally, the economy was severely damaged by the second oil chock and the subsequent 

rise in international interest rates in 1979. Most of the external debt was based on flexible 

interest rates, and the result was that the payment of interest and amortization jumped to 

more than 60% of the total exports, which suffered with declining terms of trade. At the 

same time, it became increasingly more difficult to obtain new loans to recycle the debt.

The first reaction of the new government was to slow down economic growth, to cope 

with both the balance of payment constraint and the acceleration of inflation (Baer, 1989). 

The strategy would combine the devaluation of the exchange rate (determined by the 

government) with restrictive fiscal and monetary measures. This would include the 

elimination of export subsidies, tightening of domestic credit and reduction of public 

expenditures, with particular attention to the state enterprises. Another instrument to 

control inflation was the liberalization of imports.

The negative reaction against the expected recession, however, resulted in a change in the 

conduct of the economic policy. Delfim Netto, who ruled the economy during the 

'economic miracle', was reinstated as planning minister with the promise of keeping the 

economy growing with the same pattern of the previous years. His diagnosis was that the 

current crisis was a transitory difficulty, and the trajectory of growth-cum-debt could be 

maintained despite the considerable changes in the international financial markets. The 

management of the aggregate demand by short term instruments would be enough to 

bypass the shortage of external funding and to find new ways to pay for the external debt 

service.

The worsening of the external conditions, however, frustrated such an optimistic 

perception. Instead, economic policy was left fluctuating without any precise direction. 

One example was the policy 'package' which devalued the exchange rate in 30% in 

December 1979. This measure was intended to improve the external situation, at the same 

time allowing the elimination of many export subsidies and import limits. The public 

sector situation would be improved by a substantial increase in public prices. All these 

measures would have significant inflationary impacts but the government thought these
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effects were only temporary. Therefore, in the following year, the devaluation of the 

cruzeiro was limited to 40% a.a., the average annual inflation in the 1974/78 period. 

However, the inflation rate jumped to 110% a.a. in 1980, quickly reverting against the 

objectives of the 'package': the exchange rate became even more overvalued and the 

public prices were eroded. The final result was a considerable worsening of both external 

and public accounts, a three-digit annual inflation rate and the enrichment of those who 

had speculated against the cruzeiro.

In fact, the economic policy of the period can be characterized by a succession of turns 

and reverses which only resulted in the growing uncertainty of the economic agents. The 

continuous worsening of the external account led to a constant speculation about new maxi 

devaluations and the consequences of the intervention of the International Monetary Fund 

(IMF). In the beginning the Brazilian government refused the idea of asking the IMF for 

help. The government feared that changes would be requested in the conduction of the 

economy, reducing their own freedom in policy-making. This could have been interpreted 

as a signal of weakness, eroding even more the already fragile political support of the 

government.

However, it did not mean that the government was trying to avoid a short term recession, 

a normal consequence of the IMF stabilisation programmes. By the end of 1980, the 

government announced another 'package' of measures with the clear intent to reduce 

drastically the level of economic activity. The objective was to reduce domestic absorption 

through reductions of the aggregate demand. In other words,

"the Figueiredo administration, hoping to avoid having to submit to an

imposed IMF austerity program, tried to carry one out by itself (Baer,

1989, p. 114).

In theory, the government was considering a reduction in their own expenditures, but in 

practice the instruments used were the compression of real wages, the increase of domestic 

real interest rates, reducing the liquidity in the economy, and the establishment of periodic
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devaluations of the exchange rate. This inaugurated an era of unpopular wage rules which 

banned free negotiations and established punishments to sectors which gave increases over 

the previous inflation.

The negative GDP growth rate in 1981 (-3.1%), the first ever since 1945, was understood 

as a temporary but inevitable set-back, and the short-term corrections would prove to be 

enough to reassure foreign investment and economic growth. Nevertheless, the 

contractionist demand policies were, in practical terms, ineffective to reduce inflation 

rates.

There was a relevant reduction in the trade deficit, but the rise in the international interest 

rates resulted in an addition of US$ 3 billions in the payment of services for the external 

debt, absorbing 40% of the revenues obtained through exports. Therefore the government 

was forced to get new loans, and the medium and long term debts increased in 14%. 

Despite benefiting from a more realistic exchange rate, the export promotion strategy was 

damaged by the speculation of another maxidevaluation, remembering the events in 1979. 

In that case, postponing export decisions would result in considerable profits. Exports 

were also constrained by the world recession and the declining terms of trade of Brazilian 

goods. In 1982, another upturn in the payment of international interest rates (US$ 2.2 

billions) resulted that the deficit in the balance of payments became practically independent 

of the domestic absorption. But the final blow to the external accoimts was the Mexican 

moratorium in August 1982, which cut whatever possibility was left to recycle the debt 

through new loans.

The Brazilian policy makers started negotiations with the IMF and private banks in August

1982. These talks were kept in secret until the elections in November - the government 

tried to avoid the issue of 'going to the IMF' during the electoral campaign. Three days 

after the election (in which the opposition made important gains in the Congress and the 

most important state governments), it was finally admitted that Brazil was already 

following a policy according to the IMF standards. Shortly after that, the government
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admitted the formal agreement and the economic policy had to be submitted for the 

approval of the IMF.

The IMF interference reinforced the idea of reducing the needs of foreign means of 

payment through the control of domestic absorption. The argument was that falling 

domestic demand would result in increasing exports and reducing imports. An additional 

measure was to raise the prices of petroleum derivatives (together with new non-price 

restrictions to commercialization) and more incentives to the PROALCOOL programme.

Instead of promoting a fiscal reform, the government persisted with using restrictive 

monetary policies as the main control against inflation. However the strategy of raising the 

domestic rate of interest in order to attract foreign investment and reduce the monetary 

basis resulted in a disastrous situation for the public finances. There was no significant 

inflow of foreign capital, but there was a long term growth of the total debt and the 

necessity of continuously increasing the level of indebtedness in order to finance previous 

financial commitments.

The domestic results were disappointing. In 1982, the economic stagnation did not result 

in the reduction of the inflation rate, which stayed at the 100% a.a. level (approximately 

the same as in 1980 and 1981). The establishment of targets according to the IMF 

standards was complicated because prices were indexed to previous inflation and the 

public expenditure was the main responsible for productive investments, and a large 

proportion of private investment was financed by state funds.

The improvement in the trade balance was far from the desired level, and the policy of 

monthly mini' devaluations was replaced by a maxi' devaluation of 30% in February

1983. Other measures introduced at the same time were the establishment of new special 

credit fimds for export promotion and import substitution, and the partial desindexation of 

wages, which combined with the acceleration of inflation, resulted in declining real wages
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These measures brought important improvements in the trade balance but Brazil 

accumulated US$ 2.3 billions of delayed payments. Most of the trade improvement came 

from import reduction rather than export growth. It is important to note that the recession 

and the fall of international oil prices were not the only responsible for the import decline: 

the long term projects from the 1970s started to operate, supplying a significant share of 

the industrial inputs (Castro and Souza, 1985).

The external success of the programme however was more than compensated by the 

failure in the domestic side. Despite the IMF management, inflation surpassed the 150% 

a.a. barrier in 1983. The reasons were (a) the increase in agricultural prices, caused by 

climatic adverse conditions combined with the export of significant part of the harvest 

resulting in scarcity of goods in the domestic market; (b) the devaluation in real terms of 

the exchange rate increased the domestic prices of imported inputs; (c) other restrictions to 

import inputs allowed price increases for the domestic substitutes, given the lack of 

competitiveness, and (d) the lack of control on public expenditures, partially caused by the 

increasing amount of interest to be paid in the service of the domestic public debt 

(consequence of the policy of high interest rates through open market operations).

"In other words, the policies that led to large trade surpluses and enabled 

the continuation of interest payments on the foreign debt, led to increased 

domestic inflationary pressures and a decline of investment. This was due 

to the inflationary repercussions of accelerated exchange rate devaluation 

and the need of the public sector to extract an increased amount of 

resources from the private sector in order to continue to service the 

external debt. The net impact of the adjustment program was the transfer 

of resources abroad in 1983 and 1984, which amounted to 5% of GDP"

(Baer, 1989, p. 118).

The expansion of exports had also benefited from the recovery of the USA's economy, the 

most important trade partner. Led by the industrial export sector, the economy finally 

experienced some relief after 1984. The positive rates of economic growth let some
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recovery in the level of wages in the private sector, despite the persistence of legal 

impediments to increases in real wages. At the same time, the completion of the input 

substitution inputs allowed a decline in the coefficient of imports to the GDP despite the 

growth in industrial activities: the trade surplus became large enough to compensate the 

annual transference of real resources in the order of 4% of GDP, the amount required to 

service the foreign debt without requiring new loans.

The country seemed to be able to grow despite the debt and the high inflation. Meanwhile 

the differences with the IMF over the public deficit persisted, and the Brazilian 

government felt it was in a stronger position to negotiate than in the peak of the crisis. 

Hence the seventh letter of intentions was not approved and negotiations with the IMF 

were stopped until the new civilian government resumed in March 1985.

Inflation achieved a new pattern of 'stability' at around 200% a.a.. This reinforced the 

idea that Brazilian inflation had an inertial character which could not be affected by the 

standard monetarist policies of the IMF. The best policy would be an heterodox anti- 

inflationary therapy, which could revert the agents expectations about future inflation, i.e., 

to avoid the transmission of the past inflation to the future.

4.3 The Samey Government: 1985/90

Despite the political resistance against the external interference of the IMF, the new 

civilian government initially kept negotiations with the agency. This was partly an 

exigence of the creditors, who considered the IMF management as essential to a successful 

renegotiation of the external debt. The new administration opted for the application of 

austere monetary and fiscal measures but in a gradual way (in opposition to the shock' 

approach of the previous administration). However, the persistence of inflation at an 

elevated path (200% a.a.) contributed to discredit the use of orthodox measures to control 

prices.
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The main criticism was based on the failure of the monetarist therapy to deal with inertial 

inflation, caused by the indexation mechanisms which transfer past inflation to current 

prices. The inertialist theory argued that in the absence of external shocks, inflation would 

keep the same pattern. A shock could be defined as anything that would cause a primary 

increase in the rate of inflation, such as an exchange rate devaluation, an increase in 

agricultural prices caused by adverse climatic conditions or changes in the mark-up of 

industrial prices. After the shock, the economic agents would try to reinstate the relative 

price level previous to the shock, through the incorporation of the accumulated inflation in 

the determination of the nominal prices. Therefore, the inflation could persist because the 

action of the agents is not coordinated: if every agent incorporates the previous inflation in 

their nominal prices, the inflation rate will not decline even after the elimination of the 

primary shock. A perfect indexation system would happen if all the agents adopt the same 

correction index in their prices, the monetary policy is passive (i.e, there is no intention to 

reduce the rate of inflation through changes in the interest rate) and there is no external 

shock; in that case, inflation would change only nominal values but without affecting the 

real price system.

This theory was particularly important to explain the movement of real wages. The 

indexation would allow real wages to be kept at a constant average if the inflation rate did 

not change. However, in the event of an acceleration of the inflation, there would be a 

decline in the real wage.

One important circumstance was the temporary relief on the external situation. The 

sustained surplus in the trade balance roughly levelled with the payment of interests on the 

foreign debt. New loans would be required only to roll' the existing debt, allowing the 

government to be free of the political burden caused by the direct IMF interference on 

economic policy. The recovery of the world economy, the declining interest rates in the 

international financial markets and the falling oil prices provided extra reasons for the 

optimism concerning the external accounts.
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In a situation where no external shocks were expected, and assuming that the government 

would keep the fiscal deficit under control, the persistence of inflation could be attributed 

mainly to inertia. The proposed solution for stopping the inertial inflationary process 

would be the determination of nominal prices based on their average in real terms over the 

last months, thus eliminating the indexation component. The main advantage of this 

approach would be the avoidance of another recession, which could cause a considerable 

worsening of the living conditions of most Brazilians (one of the hopes which granted 

popular support to the new government was the reversal of the income concentration 

which prevailed under military rule) and had failed to prove its effectiveness during the 

1980-84 period.

Since the gradualist' approach was also failing to show good results, the idea of applying 

a 'heterodox' anti-inflation plan (i.e., not based on the monetarist approach) grew in 

importance inside the government. An additional motivation was the apparent success of 

the heterodox Austral' programme in Argentina. Finally, the drought during 1985 

resulted in the shortage of many agricultural goods, causing an abrupt rise in agricultural 

prices. In February 1986 the inflation rate was by the first time superior to 20% per 

month, a psychological barrier beyond which, it was believed, the economy would be out 

of control.

In March 1986 the government announced the Cmzado Plan, named after the new 

currency. Prices were frozen to their existing values, with the exception of some public 

prices which had suffer real losses in the previous months. The exchange rate in the new 

currency was fixed in dollars, but the indexation within less than one year was forbidden. 

There was a great fear of causing a recession, as happened previously in Argentina. 

Therefore no targets for monetary and fiscal policies were considered. Moreover, nominal 

wages were calculated using a complicate formula in order to, at least, preserve their real 

values before the plan.

The programme was very popular in its early months because, as inflation rates dropped to 

almost zero, there were significant real gains to wages. The economy experienced a boom.
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especially in the consumer goods sector. The elimination of indexation allowed low 

income households to use credit to buy durable goods, compensating for the demand 

repressed during the recession years. The government considered that, by the first time in 

years, practical measures were applied to improve the income distribution.

However, this euphoria blinded the administration to the many signals of excessive 

aggregate demand. Prices started to escape from the official freeze, rising at monthly rates 

of up to 4% or 5%. There was increasing scarcity of many intermediate inputs and final 

consumption goods, which could be obtained only with the payment of 'premiums'. Other 

important inflationary pressures came from the residual impact of the initial rise in the 

public prices. On the fiscal side, the sudden decline of inflation meant that the government 

had lost the inflation tax' (i.e., the financial gains obtained by the government caused by 

an increase in prices, corresponding to the real losses from holders of money balances), 

which was not compensated by other sources of revenues. On the contrary, the 

government increased its own expenditures, expanding even more the public deficit. The 

monetary policy was also too soft to control the consumption outburst.

In other words, heterodox' measures alone (direct action over prices and wages) were not 

enough to stop the inflationary pressures created by the lack of control over the monetary 

and fiscal variables. The consequence was the expansion of inflation and the growing 

disbelief on the effectiveness of the price freeze programme. Despite these pressures, the 

administration refused to abandon the price freeze system or to reduce the aggregate 

demand until just after the elections in November 1986, when the government obtained 

massive victories in the Congress and state governments. Only then were measures 

destined to increase taxation announced, plus another rise in public prices. However the 

situation was already out of control. When prices were freed for recomposing their 

previous real values, the expectations about a new freeze resulted in a new inflationary 

race - this time, not only to incorporate previous losses but also to anticipate the future 

inflation. The consequence was that inflation quickly raised to levels higher than before 

the Cruzado Plan.
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The exchange rate became considerably overvalued, resulting in falling exports. The 

external situation was aggravated by the rumours of a new maxi devaluation. From 

October 1986 to February 1987 the trade balance became negative, forcing a temporary 

moratorium and new negotiations with the IMF and the Paris Club. The government 

reacted with daily devaluations of the cruzado. This measure did not eliminate completely 

the expectations of another sudden devaluation but contributed to reinstate the indexation.

After the failure of the cruzado, the management of the economic policy can be described 

by a succession of less dramatic plans, combining more orthodox therapies to the 

heterodox measures. The objective of zero inflation rate was abandoned, and more modest 

targets were established: by the end of the Samey government, the domestic objective 

became to avoid hyperinflation, a situation in which even the acceleration of the inflation 

is out of control.

Despite the rhetorical announcement of austerity, there was no effective improvement in 

the control of public expenditures. This was partially a consequence of the government 

failure in imposing expenditure cutbacks, especially in the state and municipal 

administrations. It is important to highlight the consequences of the new Constitution 

promulgated in 1988, which transferred considerable ftmds from the federal to the state 

and municipal administrations. The use of public expenditures as an electoral machine 

became an overspread practice, with the silent consent from the federal government. 

Therefore, the reductions in the operational deficit were limited, despite the savings 

obtained with the considerable reduction in the real wages and other expenditures at the 

federal level.

But the lack of control of the public deficit was also a consequence of the always 

increasing payment of interests on the public debt. The level of indebtedness in all levels 

of administration (federal, state and municipal) became so high that getting new loans was 

the only way to pay for old debts. Since restrictive monetary policies increasingly became 

the main instrument to stop further inflationary acceleration, the high positive interest rates 

resulted in an increase of the total stock of the debt in the long term. This established a
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vicious circle where the short term need of selling public titles at considerably high interest 

rates caused the long term increase in the debt stock and, consequently, the need of more 

loans in the future.

The most successful achievement after the Cruzado Plan failure was the maintenance of a 

balanced external situation. This was helped by the indexation of the exchange rate. On 

the one hand, this measure perpetuated the inflationary inertia, because the daily correction 

incorporating the previous change in domestic prices established a floor for the expected 

inflation. However, by keeping the exchange rate at a stable level in real terms, exports 

were encouraged and the trade surplus became enough to pay for the service of the debt 

and avoid another external crisis. The declining trend of international interest rates in the 

period also contributed to ease the burden of the external debt.

The balanced external situation allowed the start of trade openness. Import restrictions 

began to be lifted, and for the first time the government assumed that the process of 

industrialization by import substitution was over. Even though modest, this was a turning 

point to change the development pattern which prevailed since the 1930s. Industry has 

grown but the high level of protection resulted in oligopolies which were not used to 

facing competition. In the late 1980s, the traditional mechanisms of direct control of 

industrial prices began to be withdrawn, replaced by the idea of using imports to force 

domestic producers to lower their prices. Indeed, since the crisis in the early 1980s the 

economy had been submitted to a hidden process of tightening competitiveness because 

only the companies which were able to export could manage sustainable grow. The export 

sector gradually became the most dynamic in both agricultural and industrial activities. 

The lifting of import restrictions, modest at the end of the 1980s but accentuated in the 

next decade, completed this transformation.

Nevertheless, the expansion of the export sector was not enough to sustain economic 

growth. The return of accelerating inflation resulted in falling real wages, depressing the 

domestic market for consumer goods. The high real interest rates and increasing 

uncertainty eroded the conditions for investment: the financial market offered more
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attractive and safe options than the expansion of production. Finally, the effects on income 

concentration were tremendous. Rich people were able to benefit from the very efficient 

indexation mechanisms created by the financial institutions. Indeed, those who held 

positive balances could profit considerably from the high real interest rates. On the other 

hand, the poor had very limited, if any, instruments to protect their income against 

inflation. For most the only possibility was to expend immediately whatever source of 

income they received, and the only financial option was savings accounts (cademeta de 

poupança) which barely compensate for the previous inflation. Moreover, the cutbacks on 

government expenditures were asymmetric, and basic but electorally less interesting social 

projects were hardly affected. All of this contributed to the worsening of the social 

tensions, resulting in the outburst of crime and violence in the whole country during the 

1990s.

The most evident signal of failure of the Samey government in the fight against inflation 

was the rapid acceleration of the price indices during its last months. This was also a 

consequence of the uncertainty about the economic policies of its successor. Firstly, during 

the election period, there was panic among businessmen about the prospect of a left-wing 

president taking p o w e r . T h e  conservative candidate (Collor) won the election but, since 

the President to-be refused to clarify what were his economic ideas about price control, it 

was understood that a price freeze would take place as soon as the new government 

resumed. Under a such tense scenario, inflation went to extraordinary heights: the new 

government resumed in March 1990 with a monthly inflation of 84%.

4.4 The Collor Government: 1990/92

Collor was elected under the promises of 'cleaning' the administration by fighting 

corruption, public austerity, reduction of state participation in the economy and trade 

openness. However, the first actions of the new government were centred in a new

Lax government was not the only factor responsible for the hysteria prior to the election. Mario Amato, then 
president of FIESP (Sao Paulo Industry Federation, by large the most powerful Brazilian business union) 
gave an interview shortly before the election saying that, in the event of Lula's victory (the left-wing 
candidate), 800,000 businessmen would leave the country.
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stabilisation programme, in many ways the most dramatic ever, which had not been 

discussed during the campaign.

The dramatic rise in inflation was so tremendous that, even if a price freeze was not 

originally plaimed, it was seen by the new administration as the only possible thing to do 

in the short term. But the new plan extended far beyond the others: not only were prices 

frozen but also all kinds of financial assets. The idea was to eliminate indexation from 

prices and financial transactions, therefore erasing the previous inflation from the 

determination of future prices. The plan also incorporated orthodox measures. The 

shortage of liquidity caused by the assets freeze was intended to avoid any trend of 

expanding demand as a consequence of real wage gains. The fiscal side of the programme 

was based on public expenditure cutbacks which, again, hit wages more than any other 

item in the public budget. But in this case the freeze of financial assets resulted in a 

considerable reduction in the cost of the public debt. Therefore, the federal government 

accounts improved significantly in 1990/91.

The consequence of the plan was a deep recession but yet another failure in controlling 

inflation. The plan presented some of the problems of previous programmes, such as the 

rigidity imposed by the price freeze, but lacked the public support the Cruzado Plan 

received. The indexation continued under disguised forms, and the previous experiences 

showed how dramatic the price acceleration becomes when the freeze is called off. As 

soon as the liquidity restriction started to be pulled off, the lack of confidence in the 

programme became apparent. Therefore, the economic agents tried to anticipate their 

prices to the return to inflation, in a collective movement of pushing prices up. By the end 

of 1990 monthly inflation rates returned to the two-digit level.

The contradiction between external accounts and price stabilization appeared again in the 

Collor Plan. Firstly, the indexation of exchange rate was forbidden, and any residual 

inflation would result in an overvaluation of the domestic currency. Secondly, the initial 

shortage of cruzeiros resulted in an even more significant overvaluation of the exchange 

rate. The previous speculation led many to hoard foreign currencies (mainly US dollars) as
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store of value, but under the financial difficulties imposed by the asset freeze these 

currencies needed to be quickly converted back into cruzeiros. Thirdly, the government 

encouraged imports in order to lower domestic prices. These impacts were felt only after 

sometime because the recession forced the increase in exports as the only way out for most 

businesses. However, by the second semester of 1990, it became clear that the level of 

reserves started to decline.

By January 1991 the failure of the Collor Plan was evident. There was a change in the top 

positions in the command of the economy, with the ascension of senior civil servants who 

could recover the trust from the Brazilian business community and the international 

financial market. The main objectives were to stop a hyperinflation and to recover the 

stability on the external accounts. The conduction of anti-inflationary policies became 

similar to the post-cruzado management, with the difference of more austerity in the fiscal 

side. The return of indexation (particularly of the exchange rate) provided a floor for price 

correction, eliminating the possibility of reducing the level of inflation. On the other hand, 

an active policy of demand management, based on public indebtedness to increase the 

interest rate, controlled consumption and, consequently, the explosion of inflation. The 

level of reserves started to recover, helped by the gradual devaluation trend which was 

incorporated in the daily correction of the exchange rate and by the inflow of capital 

attracted by the high interest rates.

The main difference on policy concerned the so-called modernization of the economy 

through privatization and trade openness. The privatisation process started with the sale of 

steel and other basic input industries. The initial resistance from some political groups was 

surpassed, but there were growing criticisms against the acceptance of very illiquid papers 

(moedas podres) as means of payment. By the end of the government the privatization 

programme had to be stopped because of the obvious suspicions raised by the 

impeachment process, which successfully proved the deep involvement of the president 

and some of his advisors in corruption, abuse of influence and other charges.
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The most successful aspect of the Collor administration was the acceleration of trade 

openness. Import barriers were lifted, there were legal changes in order to ease foreign 

investment and the process of economic integration within the South American free trade 

agreement (Mercosul) gained speed. Export growth kept pace with the increase in the level 

of imports. Moreover, the domestic interest rate remained at values considerable higher 

than the international ones, resulting in a substantial inflow of capital. This reversal of 

capital inflows, also observed in other Latin American countries, would play an essential 

role in the economic policy conduction of the next governments.

4.5 The Franco government and the Cardoso government: 1992/95

After Collor was impeached, the vice-president Itamar Franco assumed the government. 

Itamar was an oppositionist to the military regime and was not involved in the scandal 

which led to Collor's downfall. Moreover, at the time of the impeachment process, Itamar 

was not affiliated to any political party. These advantages were capitalized by the support 

of political groups which were previously campaigning against Collor.

The most important aspect in the conduct of economic policy was the Real Plan. Before 

that the government kept the trade openness process and the high interest policy, being 

even more successftil in attracting external capital. The stabilization plan was announced 

long in advance and did not involve a price freeze: the basic feature was the voluntary 

exchange of old 'bad' currency for reais, the new strong' one, during a transition period 

when the two currencies would live together. The strength of the real was derived from 

the official assurance of its conversion into US dollars. More precisely, the exchange rate 

would not be fixed to the US dollar but the level of reserves accumulated by the central 

bank would provide a cushion to the government to act in the currency market in order to 

assure a stable parity.

The implementation of this plan happened only after the stock of reserves at the central 

bank had reached the satisfactory level, in July 1994. So far (1996) the programme has
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been effective to reduce inflation. Its popularity was enough to assure an easy election for 

Fernando Henrique Cardoso, the finance minister associated to its creation.

The Cardoso government has continued the anti-inflationary programme and the structural 

reforms destined to modernize the economy, the later following principles which are not 

very distinct from the ones proposed since the Collor government: privatization, reduction 

of the public deficit and internalization of the economy. Privatisation has progressed at a 

slower pace but the control of public expenditures has been tightened. However, the 

proposed fiscal and administrative reforms are yet too far from effective implementation.

The policy of high interest rate has been maintained, which means that the public 

indebtedness process did not stop. It also represented a brake to the economic growth 

boom which immediately followed the sudden fall of the inflation. The objective of the 

government is to keep positive but moderate growth rates in order to avoid eventual 

inflationary pressures which may Jeopardize the achievements of the stabilization 

programme.

The achilles-heel of the Real Plan has been the external accounts. Since its establishment, 

the exchange rate has been overvalued by the inflow of external capital. The trade surplus 

has initially reverted to a deficit, and more recently it is only slightly positive. The main 

cause has been the explosion in imports, meanwhile exports have grown slowly. This 

means that the balance of payment has been sustained by the capital inflow, attracted by 

the high interest rates offered by the Brazilian papers. However this kind of short-run 

capital is extremely volatile, as the recent Mexican crisis shows. This may be the real cost 

of the successful stabilization: an increasing degree of dependence on external 

circumstances which the Brazilian government does not have capacity to control.

4.6 Conclusion: back to the future?

An optimistic analysis of the up-to-now successful stabilization programme would 

highlight that the Brazilian economy is finally embracing the principles of sound
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administration: fiscal discipline, privatization and deregulation. Put together, these 

principles should allow for a sustained path of growth. However, this optimism should be 

confronted with the conditions on which the stabilization is based. The questions are how 

much of the present stability relies on favourable external conditions, which may suddenly 

change, and when the modernization of the economic relations will be reflected in the 

effective improvement of the well-being of most of the population.

As shown in this chapter, the dilemma between stabilization and external adjustment 

constituted the main struggle in the Brazilian adjustment experience. In the early 1980s, 

the external sector crisis was the major constraint to be solved. The policy option adopted 

then clearly benefited the external objective with the sacrifice of the domestic situation, 

particularly the public accounts. Gradually the massive efforts to reduce imports and 

increase exports reduced the pressure caused by the payments of the services of the 

external debt. However, one of the costs of solving the balance of payments problem was 

the increasing loss of control of the internal macroeconomic variables, such as the public 

indebtedness and the rate of inflation. Another consequence was the growing pressure over 

natural resources. Chapter 6 analyses the expansion of mineral depletion and chapter 7 

discusses the growth in industrial pollution, both phenomena associated to the expansion of 

exports after the external debt crisis.

The improvement of the external accounts resulted in a shift on the emphasis of economic 

policy. Controlling the inflation gradually became the most important objective and the 

greatest failure of all but the two last governments. The Cruzado Plan started a cycle of 

boom-and-failure, short-term driven economic programmes: the failure of each economic 

plan restrained further and further the possibility of the following programme to become 

successful, plus a considerable push in the inflation rates. Many different policy proposals, 

reflecting diverse theoretical positions (from the IMF orthodoxy to the inertialist 

heterodoxy), were tried at least partially but none of them proved to be enough to stop the 

pace of inflation. However, during the short time stabilization was reached in all of these 

experiments, the external accounts were sacrificed, particularly by the overvaluation of the 

exchange rate.
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This problem is also true for the Real Plan. So far it has been solved by the inflow of 

capital through an aggressive policy of high domestic interest rates. The government 

argues that this is the consequence of the growing confidence of the international financial 

community in the seriousness of the policy reforms.

However, it is arguable that, at least partially, this is the consequence of a particularly 

favourable external situation. The 1990s have been characterized by a considerable inflow 

of capital to Latin American countries. Countries such as Argentina and Mexico also 

experienced recent stabilization programmes in which the accumulation of reserves was 

essential to assure confidence on the new currency (Frenkel, 1995).

The great problem is that the capital inflow may suddenly be reversed, as in the Mexican 

situation. The parallel with Mexico does not mean that the two countries are in identical 

situations. Indeed, the Mexican stabilization and structural programme was seen as the 

road ahead for Brazil and other Latin American countries. This is the particularly 

concerning feature of Mexican crisis at the end of 1994 - it involved the most exemplary 

free market reform in the continent during the 1990s:

"While instability in Brazil was seen as an enduring symptom of the 1980s 

awaiting a definitive solution, the Mexican crisis represents the emergence 

of instability and uncertainty in a country that was supposed to have 

defmitively left behind these symptoms" (Frenkel, 1995, p .l).

Therefore, the external fragility may abruptly reverse all the achievements of the 

adjustment programmes. In the Brazilian case, the confidence in the real is directly related 

to the maintenance of a safe volume of international reserves. In October 1995, the stock 

of reserves at the central bank reached the record volume of US$ 49.7 billions (Jomal do 

Brasil, 1995). This value was important to reassure the financial community that, even 

though the trade surplus has not yet been reinstated, there was no risk of external crisis. 

However most of these reserves correspond to hot-money (applications of less than 360
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days), which is intrinsically speculative. The total inflow of short-term capital from 

January to September 1995 was US$17.8 billions, in contrast to US$ 2.7 billions of direct 

investments and US$ 1.2 billions of inward stock market transactions.

This external fragility is closely connected to the financial fragility of the public 

administration. The attraction of foreign capital is possible because the federal government 

keeps the interest rates at higher levels than in the international market. This is done 

through open market transactions where the government recycles its own debt. However, 

this results in an increase of the total payment of interest and, ultimately, in the expansion 

of the total size of the debt at all levels of administration (federal, state and municipal). In 

the long term, it represents an always larger amount of interest to be paid, which became 

the most important component of the increase in the public deficit: only in October 1995 

the payment of interest reached USS 2.5 billions, one US$ billion more than in 

September. The total public debt, net of reserves, was USS 81 billions in September 

(Jomal do Brasil, 1995). Note that the interest rate the government has to pay on its debt is 

higher than the interest rate received from the reserves accumulated.

This process of growing public indebtedness in order to accumulate reserves which could 

settle down external disturbances is remarkably similar to the situation in the late 1970s 

when, given another boom of liquidity in the international market, there was the 

acceleration of the external debt. Despite the considerable differences in the two situations, 

the risk of an external shock which revert the short-term capital inflow - for instance, an 

increase in the international interest rates, such as in 1979 - may destroy the confidence on 

the stability of the economy, despite all the achievements in the stmctural reforms. This is 

a sour lesson from the recent Mexican crisis.

The other main problem questioning the current optimism is the social debt. The 

worsening of social conditions is one of the most dramatic legacies from the 1980s and 

early 1990s, despite the considerable reduction in demographic growth. The emphasis on 

the short term objectives of increasing the trade surplus and reducing inflation resulted in 

the abandonment of social investment. Cutbacks on government spending affected the
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poor asymmetrically, who are more dependent on the access to infrastructure and 

assistance services. Moreover, one of the most constant patterns of macroeconomic 

management was the intent to control aggregate demand through reductions in the real 

wages. This affected urban sectors particularly, which has been a traditional absorber of 

labour surplus from rural areas (the effect of the reduction in the opportunity cost of 

labour to deforestation is discussed in chapter 5).

Inflation played a role in the concentration of income because the poor did not have access 

to the best financial and indexation instruments available to the higher income classes. 

Therefore, the reduction of inflation is a necessary condition to reverse the income 

concentration. But it is not sufficient. The historical experience shows that even if the 

economy recovers successfully there is no assurance of effective improvement in living 

standards. It requires the combination of growing employment opportunities with active 

social policies, especially in the education and health areas. However, despite the 

rhetorical position of the present government, no effective measures have been presented 

so far to revert the present paralysis in the social area.
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5 ADJUSTMENT POLICIES AND DEFORESTATION IN THE BRAZILIAN

AMAZON

5.1 Introduction

The environmental economics literature frequently refers to deforestation in the Brazilian 

Amazon as a good example of bad policies in environmental terms. The debate has largely 

been dominated by the postulates developed by a number of influential studies on the 

economics of deforestation (Browder, 1985; Mahar, 1988; Binswanger, 1989; Feamside, 

1990; and many others). These studies heavily criticize the use of economic incentives to 

accelerate economic expansion in the region, and argue that most policy interventions to 

date have been economically unfeasible, socially unfair and environmentally disastrous.

However, most of these studies do not connect such policies with the macroeconomic 

objectives pursued by the Brazilian government. This is precisely the objective of this 

chapter: to investigate the possible connections between the policies which favoured 

deforestation in the late 1970s and 1980s with the broader objective of adjustment, i.e., 

the necessities of improving the balance of payments situation and monetary stabilization. 

This analysis does not deny the importance of local political alliances and lobbying of 

powerful economic groups in order to obtain privileges. However, it is assumed that a 

broader perspective is necessary to understand the scenario in which the 'deforestation 

policies' were formulated.

This chapter discusses the possible ways adjustment policies can be linked to the 

deforestation process. Section 5.2 focus on the structural causes of rural migration, which 

is strongly linked to the deforestation in the Brazilian Amazon. In section 5.3, the role of 

economic policy in this process is described, highlighting the coimection with adjustment 

objectives. Section 5.4 changes the perspective of the analysis, focusing on a model which 

describes decision-making on land clearing from the farmers' point of view. Section 5.5 

presents the results of an econometric exercise, providing empirical support for the 

theoretical analysis. Section 5.6 concludes the discussion about the role of adjustment
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policies in the perpetuation of the deforestation process, highlighting that no effective 

change can be expected without significative institutional reforms.

5.2 Structural causes of migration and deforestation in the Brazilian Amazon

The literature on Brazilian development has consistently emphasized the damaging 

consequences of land concentration. The typical pattern of land tenure mixes a small 

number of very large farms - 'latifundios' - and a large number of very small properties - 

'minifundios' (see table 5.1). Production on tiny properties tends to be insufficient to 

afford subsistence levels of well-being for all members of the family. Extra income, 

obtained from labouring in cash-oriented farms, is often necessary for complementing the 

household budget. On the other hand, very large estates are not labour intensive. Seasonal 

demand for extra labour during seeding and harvesting is easily covered by landless 

agricultural workers, hired on a daily basis (boias-ftias). As a consequence of both effects, 

the rural labour market tend to be unstable and seasonal, not able to employ all the labour 

surplus. Squatting and other forms of land conflict, and migration to open access land in 

the frontier or to urban centres, become the ultimate options for the landless agricultural 

work force.

Table 5.1 Land structure in Brazil, 1980

Agricultural units Number Surface (ha)

Less than 10 ha 
10 to 100 ha 
1000 to 1,000 ha 
1,000 to 10,000 ha 
More than 10.000 ha

2,598,019
2,016,774

488,521
45,496

2,345

50.44%
39.15%

9.48%
0.88%
0.05%

9,004,257
64,494,342

126,799,187
104,548,848
60,007,780

2.47%
17.68%
34.75%
28.65%
16.45%

Total 5,151,155 100.00% 364,854,414 100.00%

Source: Ozorio de Almeida and Campari (1994), based on IBGE data

Historically, the expansion of the agricultural frontier into forest areas has been used as a 

'safety valve' to accommodate landless farmers. Therefore, forest areas have been reduced 

considerably in the Southeast, South and part of Northeast regions, where agricultural 

activities have been established for a long time (see table 5.2).
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Table 5.2 Deforestation in Brazilian regions, according to the latest inventories

Region (inventory years) Originally 
forested 

(1,000 ha)

Remaining forest Deforestation

(%)
(1,000 ha) (%)

North (1990) 338,242 314,902 93.1% 6.9%
Northeast (1988/89) 95,983 24,000 25.0% 75.0%
Centre-West (1972,81,83,90) 117,889 61,673 52.3% 47.7%
Southeast (1982,87,91) 84,604 11,114 13.1% 86.9%
South (1982) 56,128 8,111 14.5% 85.5%

Total 692,846 419,800 60.6% 39.4%

Source: Serôa da Motta and May (1992)

The strategy of 'peopleless land to landless people', rather than agrarian reform in already 

occupied land, was pursued with particular intensity during the military regime (1964/85). 

Consequently, there was a considerable population increase in the North and Centre-West 

regions, which embraces almost all of the Brazilian Amazon. Because of internal 

migration, these regions presented population growth rates considerably higher than the 

national average (see table 5.3). This 'solution' was important for two crucial problems 

faced by the national security strategy: it would enforce Brazilian sovereignty over the 

Amazon and it would decrease the political instability caused by land conflicts in many 

places in the country.

Table 5.3 Annual rates of population growth, Brazil, 1900/91

1900/40 1940/60 1960/70 1970/80 1980/91

Brazil 2.18% 2.69% 2.89% 2.48% 1.89%

North and Centre-West (I) 2.38% 3.60% 4.65% 4.43% 3.48%

Other regions (II) 2.16% 2.62% 2.72% 2.26% 1.66%

Difference (I-II) 0.22% 0.99% 1.93% 2.17% 1.82%

Source: Ozorio de Almeida e Campari (1994), based on IBGE data

The migration boom corresponded with the acceleration of deforestation in the Amazonian 

states (see table 5.4). Even though there has been a reduction in the speed at which the 

forest has been converted into agricultural areas, the total area being deforested is still
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alarming. The contribution of specific governmental policies to this acceleration in 

deforestation is discussed in the next section.

Table 5.4 Deforestation in the Legal Am azon:annual rates and % of total area

State
78/87-88 87-88/89 89/90 90/91

kmVyr % kmVyr % km^/yr % kmVyr %

Acre 620 0.42 540 0.39 550 0.39 380 0.28
Amapâ 60 0.06 130 0.12 250 0.23 410 0.37
Amazonas 1510 0.10 1180 0.08 520 0.04 980 0.07
Maranhao 2450 1.79 1420 1.30 1100 1.03 670 0.63
Mato Grosso 5140 1.01 5960 1.31 4020 0.90 2840 0.64
Parâ 6990 0.62 5750 0.55 4890 0.47 3780 0.37
Rondônia 2340 1.11 1430 0.78 1670 0.91 1110 0.62
Roraima 290 0.18 630 0.39 150 0.10 420 0.27
Tocantins 1650 2.97 730 2.00 580 1.61 440 1.26

Legal Amazon 21130 0.54 17860 0.48 13810 0.37 11130 0.30

Source: Serôa da Motta (1993), based on INPE data

5.3 The contribution of economic and other policies to deforestation

This section examines in more depth the contribution of government policies to the 

economic and demographic occupation of the 'empty' spaces of the Amazon. The 

analysis follows the taxonomy proposed by Pearce (1991) to analyze the incentives to 

deforestation in terms of 'pushing' and 'pulling' factors.

Pushing factors correspond to the circumstances in which people are expelled from 

areas of old' settlement. These pushing factors are effective not only in the areas 

outside the Amazon, where the migrants originally came from, but they apply also to 

the areas inside, reproducing the cycle of deforestation and migration. As discussed 

before, the problems of land tenure and rural poverty are the most widely quoted 

factor pushing migration into the frontier.

Legal Amazon is an official designation, created in 1953 and encompassing to the whole North Region 
(states of Para, Amapa, Amazonas, Rondônia, Acre, Roraima and more recently Tocantins), plus 
Mato Grosso and the west part of Maranhao. Its 5 millions km ,̂ about 60% of Brazilian territory, 
includes non forest vegetation outside the Amazon River basin, such as the cerrado (dry savanna 
formations) in the Centre-West region.
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Pulling factors refer to the incentives created in the Amazon to attract migrants. The 

pulling factors comprise mainly the policy incentives created to accelerate the 

depletion of natural resources in the region.

5.3.1. 'Pushing' policies

Export promotion policies

It is argued that export promotion policies had a decisive influence on the process of 

pushing migrants to the Amazon (Ozorio de Almeida, 1992). One important strategy 

for increasing export revenues was the expansion of large-scale modem crop 

cultivation in the traditional family-based agriculture in the South and in the more 

recently occupied Centre-West cerrado (savannah) region. Large-scale modernization 

reduced the demand for labour: the regions with higher level of mechanization 

presented negative rates of rural population growth in the periods 1960/70 (Southeast) 

and 1970/80 (Southeast and South).

At the same time, export incentives and other support to the expansion of commercial 

production resulted in a considerable increase in land prices in the South and 

Southeast. This constituted an incentive to small farmers to sell land in the South and 

buy larger properties at the agricultural frontier. This led to a speculative boom in 

land prices, which only stopped with the explosion of the real interest rate in the late 

1980s. Figure 5.1 describes the evolution of the ratio between agricultural rentals and 

land prices. It shows that, during the 1970s and early 1980s, the agricultural rental 

ratio to land prices felt systematically. This is an indication that the appreciation of 

land prices cannot be entirely explained by increasing returns of productivity which 

are usually captured in the value of the rental: much of the land price appreciation 

was a result of speculation about future prices, combined with the macroeconomic 

uncertainty which led to an increasing demand for real (non-monetary) assets.
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Figure 5.1 Agricultural rental/land prices ratio, Brazil and North Region, 
1966/93
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Moved by the possibility of buying much larger properties with the profits obtained 

from selling their original farms, southern settlers first moved to the cerrados in the 

Centre-West region, which proved to be particularly suitable to soybean cultivation, a 

major export crop. After some time, land prices in this region also increased 

following the grain production boom. More recently, areas in the south of the North 

region were occupied, especially in Rondônia.

This expansion of the commercial agriculture frontier northwards results in a similar 

movement of the social frontier, i.e. the subsistence or small-scale farming 

settlements which occupied the land previously. Given their lower opportunity costs, 

subsistence farmers were willing to sell their plots of land to the newcomers, and 

move into the Amazon.

Restrictive monetary and fiscal policies and its implication over the labour market

Migration flows were also affected by the economic recession during the 1980s. 

Workers suffered from declining real wages and increasing unemployment caused by 

the tough anti-inflationary policies, particularly in the 1981/84 period. As discussed in
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chapter 4, the government adopted drastic policies to reduce real wages. The urban 

poor were the most affected by redundancies, falling real income and cutbacks in 

social expenditure. Therefore, the traditional destination of the Southern and 

Northeastern rural exodus became less attractive than the Northern 'Eldorado', where 

people were believed to succeed very quickly. This phenomenon, aggravated by the 

expansion of mineral prospecting activities (garimpo) in areas such as the gold-rich 

Serra Pelada, allied to the official propaganda, disseminated the image of 'getting 

rich' in the Amazon at a time most Brazilians were severely affected by the economic 

crisis.

Another consequence of restrictive monetary policies was the gradual withdraw of 

subsidized credit to agriculture, resulting in a significant growth in the number of 

indebted farmers. Selling land to pay financial arrears also contributed to move 

farmers northwards. This point is closely connected to the issue of agricultural policy, 

discussed in the next sub-section.

Recession depressed wages and reduced employment, thus lowering the opportunity 

cost o f labour. This induced migration to the Amazon because, despite the hardship of 

life in the frontier, the settlers were more likely to succeed and accumulate wealth 

there than if they had decided to risk their chances in the urban labour market or 

stayed in the poorer rural areas in the Northeast.

This view is supported by empirical evidence. A field study showed that settlers in 

INCRA (the official colonization institute) programmes in the Amazon had a 

relatively successful economic performance (FAO/UNDP/MARA, 1992). Their 

average income was four times the legal minimum wage, being higher than in any 

other region of the country but the South. One important conclusion was that the 

probability of a settler being economically successful was considerably higher in the

An indirect indication that small scale agricultural production has been successful in the Amazon 
relatively to other regions is the fact that the Gini coefficient for land concentration in the North 
region is smaller than the Brazilian average, and fell systematically between 1975 and 1985 
(Schneider, 1994).
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Amazon than in most of the other places migrants were likely to move in (considering 

the level of education and capital allowance). However, there were many problems to 

be faced concerning the lack of assistance and the hardship of getting established, and 

health risks were especially higher.

The hypothesis that living standards are higher in the Amazon than in the Brazilian 

Northeast is also confirmed by Albuquerque (1991). This study applied a Human 

Development Index (HDI) to 21 Brazilian states using a methodology similar to the 

United Nations Development Programme (UNDP, 1990): human development is 

positively related to life expectancy, literacy rate and the state GDP per capita. Each 

of these variables are measured by an index of deprivation, determined by the relative 

situation of the state compared to maximum and minimum situations (the maximum 

and minimum values used in Albuquerque, 1992, were the same ones used in UNDP, 

1990). The simple average of the three deprivation indices was considered to be the 

average measure of deprivation (AMD), and the HDI was obtained by the formula 1 - 

AMD (for methodological details see UNDP, 1990; Albuquerque, 1991).

Table 5.5 reproduces the results for Brazil (Albuquerque, 1991). All Amazonian 

states had a better performance than all Northeastern states, with the exception of 

Maranhao (which is the only Northeastern and Amazonian state). The state of 

Amazonas had a better performance than Minas Gerais, which is part of the Southeast 

region, economically the most important in Brazil.
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Table 5.5 Brazil: Human Development Index, by Regions and States, 1987/88

Life Expectancy 
Years

Literacy Rate
%

GDP per Capita 
Cr$ 1987

HDI

Regions

Northeast (NE) 58.8 63.5 1,793 0.577
North (N) 68.2 88.1' 2,357 0.766
Centre-West (CO) 68.4 83.1 3,548 0.812
Southeast (SE) 67.1 88.2 6,162 0.852
South (S) 70.1 87.5 4,797 0.877

States

Paralba (NE) 51.9 63.1 1,261 0.474
Alagoas (NE) 53.9 56.1 1,759 0.502
Piaui (NE) 62.6 55.9 917 0.510
Cearâ (NE) 54.0 62.3 1,526 0.511
Maranhao (NE)** 60.7 57.2 1,053 0.512
Rio Grande do Norte (NE) 52.8 63.6 1,686 0.516
Pernambuco (NE) 54.7 67.2 2,199 0.575
Sergipe (NE) 60.6 61.3 1,800 0.585
Bahia (NE) 62.7 67.8 2,384 0.659
Para (N)" 67.2 87.9' 2,068 0.745
Goiâs (CO) " 67.1 81.9 2,434 0.755
Mato Grosso (CO)*’ 68.8 80.1 3,186 0.793
Minas Gerais (SE) 66.7 82.3 3,708 0.799
Amazonas (N)** 68.6 89.0' 3,658 0.818
Espirito Santo (SE) 70.6 79.3 3,700 0.823
Paranâ (S) 67.7 84.7 4,186 0.830
Rio de Janeiro (SE) 66.8 90.5 6,525 0.858
Sâo Paulo (SE) 67.0 90.5 7,409 0.860
Santa Catarina (S) 69.6 88.5 4,588 0.871
Distrito Federal (CO) 68.9 92.0 7,411 0.883
Rio Grande do Sul (S) 72.6 89.5 5,499 0.907

' Includes only the urban population 
Amazonian state 

Source: Albuquerque (1991)

5.3.2 Pulling factors

From the government perspective, there was no separation of the goals of intensifying 

national integration, promoting regional development and the economic benefits 

expected from such policies. Population growth and economic expansion were seen as 

synonymous, and the historical vocation of the Amazonian economy was considered 

to be one of serving international markets. Therefore, it is not surprising that 

objectives of improving exports or attracting foreign capital were always used as
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justifications for the policies carried out. The adopted framework of infrastructure, 

land concessions, fiscal and credit subsidies followed the typical approach of Brazilian 

industrialization since the 1930s: public incentives were anticipated in order to attract 

private investment.

The most important incentives to the Amazon region were the establishment of a road 

building network (the Belém-Brasi'lia road being the North-South axis and the 

Transamazônica road the East-West axis), colonization projects (governmental and 

private), investment in regional development programmes, and economic incentives to 

agricultural, ranching and logging activities. The changes introduced by the 

adjustment programmes have affected each of these. These impacts are discussed 

below.

Agricultural policy: fiscal and credit incentives

The allowance of tax and credit incentives to agriculture and ranching activities has 

been pointed out as fundamental to the expansion of deforestation in the Amazon 

(Browder, 1985; Mahar, 1988; Binswanger, 1989). In fact, in almost every study 

written about deforestation in the Brazilian Amazon there is a section summarizing the 

strategy of governmental incentives to private economic activity in the region, and 

their social or environmental consequences.

The tax-credit incentive, initially established in the 1960s, has received particular 

attention from economists. Registered corporations were allowed to take up to a 50 

percent credit against their federal income tax liability if the resulting savings were 

invested in projects located in Amazon. In the beginning only industrial projects could 

apply for the benefit, but later it was extended to agricultural, livestock and service 

projects. The tax-credit incentive proved very attractive to investors, most of whom 

were in the livestock sector. Indeed, the Superintendence for the Development of the 

Amazon (SUDAM) expected that beef exports would become an important source of
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foreign exchange (the actual production of beef proved to be disappointing to given 

original expectations).

The tax-credit mechanism is considered by Mahar (1988) as the single most important 

source of deforestation in Southern Para and Northern Mato Grosso. It is argued that 

a significant part of the livestock projects were economically unfeasible, suggesting 

that the cattle ranching activities were carried out only to obtain the fiscal benefits 

(Gasques and Yokomizo, 1986; Browder, 1985). The social outcome was also poor: 

extensive cattle ranching, the preferred project among investors, is characterised by 

low requirements of direct and indirect labour, thus representing a mediocre source of 

employment generation.

However Mahar (1988, p. 16) acknowledges that

"... probably 90 percent of total pasture formation in Amazon to date 

has been carried out by firms or individuals who have not received 

fiscal incentive funds. "

Another important incentive, not restricted to the Amazon, was subsidized rural 

credit. The strategy of subsidizing credit to farmers has been used as an instrument of 

agricultural promotion since the late 1960s (see table 5.6). This instrument received 

priority in 1979 with the objective of improving the balance of payments through 

increasing crop exports and reducing imports of food crops. Goldin and Rezende 

(1993, p .24) consider that half of the credit was destined to export products, mainly 

soybeans, coffee and sugar. These three products, plus wheat (a major import good), 

rice and com, received 80 percent of the total credit. Nevertheless, this instrument 

was also restricted to a minority of farmers: during the 1970s, only 20 to 25 percent 

of the total number of farmers had access to subsidized credit, with less than 5 percent 

of the farmers receiving more than half of the total credit (World Bank, 1989, quoted 

in Goldin and Rezende, 1993, p .25).
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Table 5.6 Commitments of official rural credit in the North Region, 1970-85 

(CzS millions, at 1985 prices)

Year
Total Crops Livestock

Cz$ % Cz$ % Cz$ %

1970 106.0 100.0 78.2 73.8 27.8 26.2

1971 153.3 100.0 102.3 66.7 51.0 33.3

1972 264.2 100.0 157.2 59.5 107.0 40.5

1973 306.7 100.0 168.4 54.9 138.3 45.1

1974 203.9 100.0 118.7 58.2 85.2 41.8

1975 495.4 100.0 297.2 60.0 198.2 40.0

1976 899.5 100.0 417.4 46.4 482.1 53.6

1977 985.7 100.0 620.0 62.9 365.7 37.1

1978 1332.0 100.0 901.8 67.7 430.2 32.3

1979 1824.9 100.0 1419.8 77.8 405.1 22.2

1980 1882.6 100.0 1724.5 91.6 158.1 8.4

1981 1285.7 100.0 1135.3 88.3 150.4 11.7

1982 870.5 100.0 637.2 73.2 233.3 26.8

1983 472.8 100.0 411.3 87.0 61.5 13.0

1984 198.2 100.0 175.4 88.5 22.8 11.5

1985 296.9 100.0 259.5 87.4 37.4 12.6

Source; Mahar (1988)

Land rights were essential to obtain access to the official credit programmes. 

Therefore, it is argued that the rural credit programme had a decisive influence on 

rising land prices outside the Amazon, a problem already discussed in section 5.2.

Despite the fact that the Amazon received only a fraction of the subsidy (less than 2 

percent of the national total, according to Mahar, 1988), it represented a major 

incentive to deforestation: only productive' development projects (i.e., those 

requiring some form of land clearing) were able to receive the benefit, usually large 

ranching projects. The availability o f credit with negative real interest rates was an 

incentive to buy and deforest large areas of cheap land. The outcome was not only
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environmentally harmful: since only titled farmers had access to the subsidized credit, 

it clearly benefited wealthy landowners. Also, land prices were increased, promoting 

even more property concentration.

The restrictive fiscal and monetary policies adopted during the 1980s had the impact 

of curbing both the tax-credit and subsidized credit incentives (see table 5.7). 

Therefore, one may argue that the reduction of credit facilities due to structural 

adjustment objectives have had unambiguous positive environmental impacts. 

However, it should be observed that deforestation in the 1980s increased while rural 

credit fell substantially. Two points should be added to the discussion: the 

consequences o f high interest rate in the agriculture, and the shift in the agricultural 

policy from subsidized credit to realistic minimum prices as the main instrument of 

incentives.

Table 5.7 Brazil: total rural credit and real interest rates, 1970/91

Year Total Rural Credit 
US$ Billions

Real Interest Rate
%

1970 6.2 -3.9%
1971 7.3 -4.0%
1972 9.0 -1.5%
1973 12.8 -1.4%
1974 15.9 -15.1%
1975 23.1 -11.5%
1976 23.7 -21.9%
1977 21.2 -16.7%
1978 20.8 -17.7%
1979 26.8 -34.4%
1980 25.6 -37.7%
1981 22.2 -27.0%
1982 21.5 -28.7%
1983 16.2 -23.4%
1984 9.9 -5.1%
1985 14.2 -2.3%
1986 21.1 -33.3%
1987 16.6 7.0%
1988 11.7 7.0%
1989 10.7 7.0%
1990 6.1 9.0%
1991 6.3 9.0%

Source: Goldin and Rezende (1993)
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The first point is based on the impact of credit restriction in terms of shortening the 

time horizon of small farmers - only a small minority had access to the agricultural 

credit policy. Most small farmers in the Amazon are outside official projects, are 

squatters or do not have legal titles to the land they occupy, and therefore not eligible 

to the official credit lines. The restrictive monetary measures carried out during the 

1980s increased the shortage of credit to these farmers.

Schneider (1994) highlights the contribution of the high interest rate policy to the 

adoption of unsustainable agricultural practices even for those with access to the 

special credit. The point is that high interest rates establish a bias in favour of 

activities with high returns in the short term, such as practices which 'mine' the 

resources from forest land. The profits obtained can be invested in financial 

applications, with highs return and low risk. Activities less harmful to the 

environment tend to present better results in the long term, but they are financially 

ruled out because they do not present the same level of initial profits.

This argument is compatible with evidence of farmers' decisions being affected after 

credit incentives were stopped: the lack of credit facilities to small farmers (who could 

not benefit from the subsidized credit scheme, especially if they did not have property 

titles for the land) has discouraged many small farmers to pursue more sustainable 

practices, such as perennial crop cultivation. Pressured by the need for cash income, 

they turn to slash-and-bum or cattle ranching activities.

This problem is described by many authors discussing the problems of colonization, 

particularly in Rondônia (Mahar, 1988; Wilson and Alicbusan-Schwab, 1991; 

Redwood III, 1993). Coffee, cocoa and other perennial crops were considered a good 

protection for fragile soils against leaching and erosion. Planners believed that 

perennial plantations would provide a solid foundation for a mixed small farm 

agriculture incorporating food and cash crops, avoiding the need for further 

migrations. Therefore, special credit lines were set up for coffee cultivation, to 

compensate the lag between planting and the first harvest (3-5 years), and the high
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costs in terms of labour and non-labour inputs. However, not long after the coffee 

could be harvested, these credit lines were cut. At the same time, the costs of non

labour inputs increased, and tough monetary policies resulted in very high interest 

rates for normal credit operations. Because of the high costs involved and the fall of 

the international price, many coffee cultivations were abandoned after some years, 

being converted to annual plantations or replaced by pastures.

Agricultural policy: guaranteed minimum prices

The other important issue in agricultural policy is the guaranteed minimum purchase 

prices for agricultural goods. The performance of the agricultural sector was essential 

for the success of the adjustment strategy in both domestic and external goals. On one 

hand, food prices have a direct influence on inflation control programmes. On the 

other, there was the necessity of increasing exports and decreasing imports. In order 

to support agricultural production, in 1981 the government reformed the policy of 

minimum prices through their indexation to the inflation rate: the prices were indexed 

from the time they were announced until the beginning of the harvest. This policy 

proved to be very effective and less restrictive than the previous emphasis on 

subsidized credit (Table 5.8).

In the years of relatively moderate inflation (1982/86), the policy assured a sustained 

appreciation of agricultural prices. After 1987, with the acceleration of inflation, the 

policy was not so effective in preserving real prices. However, this did not represent a 

major disincentive to production mainly for two reasons. First, the assurance of 

minimum prices reduced the farmers' uncertainty concerning the commercialization of 

the harvest, a considerable advantage in a context of increasing inflation. Second, 

there were considerable productivity gains: Nakano (1992) estimates that 90 percent

This measure was initially adopted for the harvest of 1982. For the harvest of 1985, the indexation 
period was extended for more two months, in order to help farmers during the commercialization of 
the harvest (Goldin and Rezende, 1993, p.55).
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of the growth in agricultural production resulted from gains in productivity per area, 

rather than expansion of cultivated area (see Table 5.9).

Table 5.8 Brazil: real minimum prices for the main crops (average 
1980 = 100)

Year Cotton Rice Bean Com Soy'

1974 115 110 117 157 121

1975 131 135 108 152 160

1976 123 121 108 145 145

1977 144 116 125 131 126

1978 136 112 114 119 108

1979 126 107 107 113 100

1980 100 100 100 100 0

1981 106 102 139 116 105

1982 112 104 147 130 111

1983 102 93 135 114 99

1984 110 97 128 107 85

1985 134 128 157 163 159

1986 113 110 132 143 140

1987 77 78 101 100 93

1988 78 73 101 112 84

1989 64 56 96 98 69

1990 43 39 71 66 44

1991 50 44 83 69 51

* Average 1979 
Source: Goldin

=  100
and Rezende (1993)
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Table 5.9 Annual rates of growth of production and cultivated area for 
selected crops, Brazil 1975/81 and 1981/88

Year
Production (Quantity) Cultivated Area

1973/81 1979/89 1973/81 1981/89

Rice 1.5% 3.2% 2.4% -0.7%

Bean -0.3% 0.6% 2.1% 1.6%

Cassava -0.9% -0.3% 0.3% -1.5%

Com 2.0% 3.1% 1.2% 1.7%

Wheat 2.4% 14.2% 2.9% 4.3%

All crops above 1.0% 4.6% 1.7% 1.5%

Source: Goldin and Rezende (1993)

The minimum price policy compensated for the gradual reductions in the subsidized 

official credit programmes. The consequence was a better than expected performance 

of the agricultural sector during the 1980s, contrasting to the simultaneous crisis in 

other sectors of the Brazilian economy: in the period 1980/88, the agriculture sector 

growth was 2.6 times higher than the industrial growth reverting the long term trend 

of stagnation in the sector (Nakano, 1992).

This policy benefited farmers in remote areas, such as the Amazon, where 

transportation costs are higher. The support for this marginal or uneconomic' 

farming, offsetting the disadvantage of being located far from the main markets, is 

considered by Mahar and Schneider (1994) as an additional incentive for 

deforestation. They argue that markets for farmers in Rondônia and Mato Grosso 

were considerably reduced when the government decided to significantly drop its 

purchases of rice and maize in 1989.

Since the policy of using minimum prices to increase agricultural production was 

connected to the objectives of adjustment, this would be an evidence o f 'adjustment 

forcing deforestation'. However, it can be argued that this conclusion is not 

necessarily true if one consider the potential impact of poverty to cause migration and
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deforestation. It is possible that an agricultural crisis in the 1980s would have 

accelerated migration towards the Amazon.

The conclusion is that the relationship between agricultural policy and deforestation is 

not as simple as is usually presented in the literature. On the hand, support to 

agricultural production may increase the demand for land, encouraging the expansion 

of the agricultural frontier through the incorporation o f previously forested land. On 

the other, the failure of farming practices and increasing rural poverty may result in 

migration towards unoccupied forest areas. The same ambiguity can be pointed to 

regarding the debate about road building and other infrastructure programmes 

affecting settlements in the Amazon.

Road building

Many authors consider road building:

"the single most powerful element in the deforestation of frontier areas 

in Latin America" (Mahar and Schneider, 1994, p. 161).

The argument is that government programmes of road building, combined with 

privately opened paths for commercial logging and mining activities, contribute 

significatively to land clearing. The 'fishbone' pattern consists of the secondary and 

feeder roads that derive from the main roads into the previously inaccessible forest 

areas. The opening of these ways allows the arrival of farmers and ranchers, and the 

economic expansion they bring results in the attraction of additional migration.

Improvements in the transportation network started in the 1960s with the Belém- 

Brasllia road, the first main road to cross the interior of the Brazilian Amazon (see 

Table 5.10). The biggest road project, the Transamazônica, has failed to keep a East- 

West road open 12 months of the year. However, other roads were more successful
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in linking the southern borders of the Amazon, mainly the states of Para and 

Rondônia, with areas in Central Brazil.

Table 5.10 Road Network in Amazonian States (km)

State 1970 1975 1980 1985

Rondônia 1634 1704 8755 8944
Acre 1120 1818 2016 2077
Amazonas 1862 4554 5137 5185
Roraima 720 1740 2251 3202
Para 14830 23170 20845 21206
Amapa 1094 1407 1511 2103
Maranhao 34779 47441 50738 49719
Mato Grosso 54326 77195 81236 86992
Goias (incl. 
Tocantins)

37271 108393 102653 115288

Total 147636 265718 275142 294716

Source: IBGE Statistical Yearbook (various years)

Road building has been important in making cheap but distant land economically 

feasible. Transportation costs play an essential role in the economics of the Amazon, 

and colonisation projects are established preferably along the roads. For those who 

can not be settled close to roads, it is much more difficult to achieve success in their 

farms. Costs of production and distribution increase dramatically, and the greater 

social isolation means greater difficulties to obtain extra income working outside the 

farm:

"Before 1979, when roads were opened up to most areas of the 

(Maréchal Dutra) project, most of the farms could only be reached on 

foot. Colonists would walk from 10 to 40 kilometres from the BR-364 

to their farms, loaded with one or two weeks of supplies. Given the 

isolation of the farms, the actual movement o f families onto the farms 

was a gradual process. First, land had to be cleared, burned, and 

planted. With luck, proceeds from the first year's harvest could provide 

the cash needed to set the family up on the farm. Most Maréchal Dutra 

colonists took two to three years to move to their farms. In the interim.
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most settlers in the project found work on medium and large sized 

plantations in neighbouring areas or worked in the town centre of 

Ariquemes". (Wilson and Alicbusan-Schwab, 1991, p .8)

Furthermore, road building stimulates land speculation and consequently concentration 

of land ownership. After the establishment of roads, property prices become a 

multiple of the original price. Hence, large profits from re-selling land constitute an 

indirect incentive to clear new areas, where forest land can be bought at cheap prices.

These arguments lead to the conclusion that cutbacks in road building programmes as 

a consequence of adjustment policies would have positive impacts on the environment. 

But, again, there is another side in the debate.

The lack of infrastructure, including transportation, may increase costs and decrease 

the economic feasibility of sustainable agricultural practices. Thus, impoverished 

farmers may be encouraged to mine' the natural resource allowance of their plots. 

Selling timber extraction rights and slash-and-bum cultivation of annual crops provide 

windfall profits in the first years of occupation. Once the resource allowance is 

depleted to the point where subsistence can no longer be assured, they sell their plots 

(if they have property rights) to buy cheaper land, or just move to 'mine' new plots of 

unoccupied forest land.

This point of view is highlighted mainly by the authors studying the colonization 

process:

"In addition to constraints of an ecological nature, the small farmers in 

the Maréchal Dutra project had also to cope with a lack of feeder roads 

or the lack of maintenance of these roads once they are constmcted.

Poor transport infrastructure is a problem that has been cited in nearly 

all case studies of settlement projects throughout the Amazonia". 

(Wilson and Alicbusan-Schwab, 1991, p .9)
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This argument follows the perspective that agriculture is not necessarily an 'enemy' of 

the forest. From this perspective, cutbacks in public spending on feeder roads would 

not have curbed deforestation but may have actually created an additional threat. A 

similar problem is referred to in other issues concerning official support to the 

settlement of farmers in the Amazon, such as the Polonoroeste programme.

The Polonoroeste Programme

Regional development projects were intended to improve the infrastructure of new 

settlements for agricultural purposes. These projects comprised direct and indirect 

support of existing and new settlements, road building and pavement, and 

improvement of social services in rural areas. The most important was the 

Polonoroeste Programme, centred in the state of Rondônia, with the support of the 

World Bank.

The Polonoroeste was intended to be an exemplary programme, reconciling 

colonization and economic expansion with environmental and Amerindian protection. 

Ironically, it became known as one of the most widely cited examples of the World 

Bank's failure in both fields.

The adoption of tough monetary and fiscal measures at the macro level was 

fundamental to the environmental failures of the programme. These measures did not 

affect the completion of most of the road construction, and in some cases these were 

completed ahead of schedule. But they proved to be crucial to the measures designed 

to contain environmental damages. It was planned that new rural settlements would be 

located away from areas of poor agronomic potentiality, tree crop plantations (coffee, 

cocoa, rubber) would be stimulated as a less damaging crop cultivation (relatively to 

annuals) and a comprehensive regional ecological research programme would be 

carried out, with specific measures to establish and maintain national parks, forest
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reserves and ecological stations. Unfortunately, all these efforts were not properly 

enforced:

"The trunk and feeder road components achieved their main objectives 

o f reducing transport costs and improving access of existing settlers to 

markets and services. On the other hand, execution of components such 

as agricultural support services, community facilities, and 

environmental and Amerindian protection, lagged behind. In 1982, 

moreover, Brazil embarked on an economic stabilization program 

which resulted in sharp cutbacks in the availability of subsidized credit.

As a result, agricultural credit for planting and maintaining perennial 

tree crops was largely unavailable during the project period." 

(Redwood III, 1993, p .5 7 f

Moreover, the unemployment crisis resulting from stabilization measures led to a 

larger than expected migration flow, including previously urban dwellers. But changes 

in the macroeconomic situation worked against sustainable agriculture. Higher interest 

rates and lack of credit, increase in fertilizer and fuel costs, combined with declining 

perennial crop commodity prices represented an incentive to produce annual crops and 

cattle raising. The increase in demand for land resulted in higher property prices, and 

the cycle of land speculation-concentration-migration was repeated. The final result 

was the acceleration of deforestation in areas of fast rural settlements.

The Carajds Programme

The exploitation of mineral resources in the Amazon during the 1970s and 1980s was 

strictly connected to the adjustment objective of improving the trade balance. An 

official document of the Brazilian government acknowledges that:

The own-evaluation carried out by the World Bank (Redwood HI, 1993) does not explain why the 
money for the roads was available while it dried out for other expenditures. Nevertheless it is 
worthwhile to mention that the political lobby of the private-owned construction companies is known 
as one of the most powerful in Brazil.
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"For many reasons, including the partial solution of the problems faced 

by the external sector of the Brazilian economy, the Government is 

making massive investments in mineral and smelting activities in the 

Para sub-area of the (Araguaia-Tocantins) region, complemented with 

the necessary projects of infrastructure in energy and transport". 

(PRODIAT, 1987, p .6 7 f

The most important export-oriented regional development project was the Grande 

Carajas complex, supported with World Bank financial help. Iron ore mining was the 

central activity, whilst projects of metal processing, forestry, agriculture and cattle 

raising were also developed. The state-owned Companhia do Vale do Rio Doce 

(CVDR), responsible for the mining extraction, carried out a successful programme to 

mitigate the direct environmental problems created by ore extraction. This project 

focused on controlling soil erosion along the railway and drainage and effluent control 

at the mine and port sites.

However, the Carajas Project did not pay the same attention to less direct 

consequences, which proved to be responsible for most of the environmental 

degradation (Feamside, 1986; Hall, 1989; Redwood III 1993). Firstly, the expansion 

of the pig-iron processing programme, in hands o f many private owners, did not 

receive the same environmental control. The demand for charcoal as a fuel for the 

iron ore smelters resulted in uncontrolled deforestation o f the neighbouring areas.

Secondly, the Carajas Project resulted in the attraction of larger than expected number 

of migrants to the region. The improvement of the road system created access to 

previously remote forest areas. In addition, it boosted private land speculation along 

the corridors formed by the roads and the railway. Finally, the construction of the

Unauthorized translation. The original in Portuguese is: "For diversas razoes, entre as quais a soluçâo 
parcial dos problemas do setor extemo da economia brasileira, o Govemo esta realizando maciços 
investimentos em atividades de mineraçào e minero-metalûrgicas na subârea paraense da regiao, 
complementados com os necessârios projetos de infra-estrutura de energia e transporte".
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railway, project facilities and housing facilities for workers resulted in lumber 

requirements for construction supplied by timber extracted locally.

As discussed previously, the increase in property values resulted in concentration of 

land ownership limiting small farmer access to unoccupied land. After being 

deforested, most of the land was converted into pasture for low density cattle raising,

an activity considered to have expanded dramatically since 1970. Even the World

Bank recognized that the ultimate consequences were environmentally dramatic:

"The larger area o f influence of the Carajas Project is one o f the

Amazonian subregions that has experienced the highest rates of

deforestation and associated environmental degradation over the past 

two decades. (...) Associated with rapid deforestation in the Carajas 

corridor, as elsewhere in Amazonia, are alterations in soil and water 

quality. Experience in the Carajas corridor reveals that, within several 

years after the forest is converted to pasture, a proliferation of weeds 

and other second growth vegetation occurs which is both difficult and 

costly to control. As a result, pasture lands quickly become degraded 

and are frequently abandoned less than a decade after they are first 

cleared, fuelling further deforestation". (Redwood III, 1993, p .54)

Hydroelectric Projects

The construction of hydroelectric dams is related to the need to improving the trade 

balance. Most of the electricity in the Amazonia was supplied through thermoelectric 

power stations, but petroleum constituted the heaviest burden in terms of Brazilian 

imports. The adjustment objective o f improving the trade balance resulted in many 

projects to increase alternative energy supplies, mainly hydroelectricity. Hence, an 

ambitious programme of increasing local energy supply was carried out based on the 

construction of huge dams.
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In that way, adjustment policies were directly and indirectly related to the building of 

large dams. Because of the macroeconomic imperative of reducing imported oil, many 

(or even all) of them were approved despite the poor feasibility of their 

implementation (mainly caused by the decline of oil prices since the early 1980s). The 

largest project, Tucurui (in southern Para), was directly related to the refining 

industries connected to the export-oriented mining projects. Feamside (1988) 

considers that only one bauxite plant (Albras) was responsible for 49% of the total 

electricity consumption in the state of Para.

Many dams have performed badly by conventional financial criteria, notably Balbina, 

where a disappointingly modest electricity output has been secured despite the 

flooding of a very large area. The environmental problems created by the dams 

include, among others, loss of forest areas, reduction of biodiversity, production of 

methane and other gases by the decomposition of the flooded vegetation, fishery 

losses and mosquitoes proliferation (increasing the risks of transmission of malaria, 

dengue and other diseases). All these problems affected the well-being of the local 

population, already troubled by the displacement from flooded areas.

Timber extraction

Another connection between export-promotion policies and deforestation is through 

incentives to timber extraction. Most of the literature has considered logging not to be 

a driving force behind deforestation in the Brazilian Amazon, in contrast to the 

Southeast Asia and Equatorial Africa experiences (lusem, 1993). Given the dispersion 

of economically valuable species, cutting is restricted to a few trees per hectare. 

Therefore, the most important link presented is the opening of paths to extract the 

logs -these paths are later used by settlers to infiltrate into the primary forest. lusem 

(1993) estimates that, at least, 900 km of secondary roads and 3,600 km of pedestrian 

paths are opened every year as a consequence of logging activities.
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However, the increasing production of timber and other wood products from the 

Amazon is a clear sign that logging is far more important than initially thought. 

Timber extraction has increased significantly (Serôa da Motta, 1993). Pearce (1991) 

considers that logging has expanded from some 4.5 million m  ̂ of log production in 

1975 to 24.6 million m  ̂ in 1987. More recent data confirm the trend of growth in 

logging activities (see Tables 5.11 and 5.12). The Amazon region is today the major 

wood supplier in Brazil, and its market share is increasing steadily (also because of 

the decline in other regions where depletion has already affected the reserves of 

valuable species).

Table 5.11 Roundwood production in the Amazon, 1975/89 (millions of cubic 
meters and % of total Brazilian production)

Year
North Region Centre-West Region

Millions of % Brazil Millions of % Brazil

1975 4.5 14.3% 2.6 8.3%
1977 6.7 20.7% 2.9 9.0%
1979 8.4 26.6% 3.0 9.5%
1981 13.1 39.7% 3.3 9.2%
1983 16.1 41.7% 3.4 8.8%
1985 19.8 46.2% 3.8 8.9%
1987 24.6 53.8% 3.3 7.2%
1989 47.5 72.1% 2.6 4.0%

Source: Serôa da Motta (1993), based on IBGE data 

Table 5.12 Number of Sawmills in the Amazon

State 1952 1965 1973 1978 1981 1985

Rondônia 141 250 275
Acre 35 61 42
Amazonas 89 62 72
Roraima 18 17 18
Para 510 866 1091
Amapa 60 18
Maranhao (Imperatriz) 105 363
Mato Grosso 218 442

Total 89 194 287 793 1639 2321

Source: lusem (1993)
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The proximity to domestic markets was one of the reasons of the concentration of 

logging and sawmill activities in the Southern part of the Amazon (Verissimo et al., 

1992). However, external markets are important source of demand for valuable wood 

species (see Table 5.13).

Table 5.13 Amazon: Wood Exports, 1989/92 (US$ Millions FOB and % of 
Total Brazilian Exports)

Year
State of Parâ Rest of the Amazon* Brazil

US$
Millions

% Total US$ Millions % Total US$ Millions % Total

1989 126.0 30.8% 33.9 8.3% 409.7 100.0%
1990 138.6 32.9% 31.8 7.5% 421.1 100.0%
1991 141.2 31.9% 36.2 8.2% 442.1 100.0%
1992 166.1 36.7% 42.2 9.3% 452.8 100.0%

Source: AIMEX (1993)

Some of the exported species are particularly difficult to regenerate, including 

American mahogany (Switenia macrophylla) and pau amarelo (Ewcylophora 

paraensis). The risk to such species can be assessed by a simple exercise, combining 

the volume of timber exports by species and an ecological index developed by Martini 

et al. (1994). The ecological index is a preliminary assessment of species most 

endangered by logging activities. The parameters used included dispersion ability, 

abundance o f saplings, rapid growth, ability to resprout, resistance to fire, geographic 

distribution and high density of adults. The lower the index, the higher is the threat 

represented by logging activities. Table 5.14 presents the volume of roundwood 

exported from the states of Para and Amapa (about 80% of the total Amazonian 

exports) distributed among three groups of species, according to the ecological index: 

low, medium and high susceptibility. Given its importance in foreign trade, data for 

mahogany is presented separately from the high susceptibility group.
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Table 5.14 Distribution of Wood Exports according to the Susceptibility to 
Logging Activities, States of Para and Amapa, 1987/92

1987 1988 1989 1990 1991 1992

Volume Exported (m )̂

Mahogany 164539 155330 129579 95495 93448 104160

Other highly susceptible species 13872 21887 17198 25483 20706 18639

Medium susceptible species 37324 33910 32716 49520 51385 85083

Low susceptible species 116464 133949 150598 139863 107543 138691

Without classification 5314 9377 7336 9900 16542 31693

Total 337513 354453 337427 320261 289624 378266

% of Total Volume Exported

Mahogany 48.8% 43.8% 38.4% 29.8% 32.3% 27.5%

Other highly susceptible species 4.1% 6.2% 5.1% 8.0% 7.1% 4.9%

Medium susceptible species 11.1% 9.6% 9.7% 15.5% 17.7% 22.5%

Low susceptible species 34.5% 37.8% 44.6% 43.7% 37.1% 36.7%

Without classification 1.6% 2.6% 2.2% 3.1% 5.8% 8.4%

Total 100.0% 100.0% 100.0% 100.0% 100.0% 100.0%

Table 5.14 shows that highly susceptible species still account for more than a third of 

roundwood exports. The reduction in the share of total exports is mainly replaced by 

exports of medium susceptible species, mainly corupixa {Rauwolfla paraensis), para- 

para {Jacaranda copaia) and andiroba (Carapa guianensis). The share of low 

susceptible species remains at around 40%, with jatoba (Hymanea courbarit), tauari 

{Couratari spp.) and virola (Virola surinamensis) being the most important. The data 

show a declining trend for the exports of mahogany, the most demanded species. This 

is caused by the exhaustion of reserves of this tree, caused by rapid depletion.

The problem is aggravated by the virtual non-existence of forest management. Studies 

in the old frontier in Southeast Para show that less valuable trees are now cut in order 

to supply civil construction, mainly in the Northeast (Uhl et al. 1991). There are 

signals that extraction becomes less selective in the old frontier, after more valuable 

species are exhausted (Verissimo et al. 1994). In Paragominas, the centre of sawmill
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activity in the Eastern Amazon, logs are being supplied from places as far as 100 km 

away.^

Deforestation caused by unsustainable harvest is not only a consequence of the 

loggers' actions. There is a close association between loggers and farmers (Uhl et al. 

1991). Against the conventional opinion that wealthy farmers are the main 

perpetrators, Homma et al. (1994) consider that most of deforestation is carried out 

by small farmers, with a symbiotic relationship with loggers. There is also evidence 

that timber extraction rights are sold to finance pasture regeneration some years after 

ranching has been established (Verissimo et al., 1992). Pasture regeneration is carried 

out by mechanized removal of top soil vegetation and roots, considerably damaging 

the capacity of forest regeneration.

A similar process is happening in Marabâ, centre of the pig-iron smeltery connected 

to the Carajas Programme: charcoal and sawmill residuals are now brought from 

distant sources. The demand for charcoal results in a similar process of farmers 

selling extraction rights in their forest reserves. It should be remembered that charcoal 

production requires smaller and inferior timber, resulting in the complete spoliation of 

the forest. The supply of charcoal to the smelters, in theory, should obey management 

plans. In practice, however, only a small part of the demand of charcoal is obtained 

this way.^^

In more remote areas with vast supply of untouched forests, the concern with 

management practices is even smaller. According to Hummel and Bruce (1987), the

Observation taken from interviews in a trip to the region in March 1995. Even though sawmill 
residues are starting to be used in the charcoal industry, the waste is astonishing. In Paragominas there 
was a persistent smell o f burning wood, even though the trip was taken in the peak o f the rainy 
season. There were many informal references to health problems associated to the poor air quality, 
especially in the dry season when most of the residue is burned.

The charcoal industry has already been associated to the destruction of forests in the states of Minas 
Gerais, Espirito Santo and Bahia. Not surprisingly, the carvoeiro (specialist in the charcoal 
production, a task which requires some qualification) is usually a migrant from these states. The 
unskilled labourers are also outsiders, but coming from neighbouring Northeastern states (Maranhao 
and Piaui).
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processing industries in the state of Amazonas were consuming 1 million m^/year, 

which would require about 500,000 ha of managed (native) forests to assure 

sustainable supply - at that time, there was only one commercial forest management 

project, covering 600 ha. But local governments are encouraging more logging 

activities in the name of economic development. A good example is the recent 

decision of the State of Amazonas government to attract logging companies from the 

neighbouring State of Para {Amazonas em Tempo, 29 March 1995). The state 

government considers the Para model' a successful source of employment and 

income. Ironically, environmentalists were told not to be alarmed because 

management and environmental standards would be applied in a similar way to the 

already existing management projects in the Paragominas region (as referred to above, 

one of the most affected by deforestation).

Finally, it is important to consider the destruction caused by current harvest practices. 

In the Paragominas region, it was estimated that an average 148 trees per ha were 

damaged to extract 6.4 trees, or 38 m \ per ha (Verissimo et al. 1992). This 

represents an average of 663 m  ̂of canopy opening per tree extracted. If these figures 

are representative to the North Region, the 1989 roundwood production (47.5 million 

m^) would have resulted in a total opening of 53,000 ha of canopy - an area equivalent 

to 6% of the total deforestation in the region in the same year.

Lack o f support for parks and reserves, institutional enforcement and land 

privatization

The adjustment objective of reducing the public deficit implied higher constraints 

faced by the public agencies responsible for controlling parks. For example, in the 

Polonoroeste programme, colonization projects were expanded at the same time the 

official agencies responsible for the control of Amerindian and ecological preservation 

areas suffered drastic cutbacks.
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Approximately one-fifth of the Amazon is officially designated as either reserves or 

parks (see Table 5.15). However, it is estimated that only one park guard is available, 

on average, for 6,161 km‘ of parks and reserves (World Bank 1992).

Table 5.15 Nature reserves, national forests, extractive reserves and indian 
areas, 1990

Type Area (km )̂ % of Total

National parks 93,011 8.10%
Biological reserves 29,028 2.53%
Ecological stations 26,950 2.35%
Ecological reserves 2,844 0.25%
Protected areas 14,566 1.27%
National forests 122,497 10.67%
Extractive reserves 21,630 1.88%
Indian areas 837,684 72.99%

Total 1,147,710 100.00%

Source: World Bank (1992c)

The evident lack of control results in poaching or even clearing of preserved forest 

land, and the continuation of illegal trade of endangered fauna and flora species. The 

violence surrounding the encroachment of protected areas and indigenous reserves has 

become widely known by the tragic assassination of Chico Mendes, a leader of rubber 

tappers in the state of Acre. Because of his fight for the establishment of extractivist 

reserves in areas coveted by local landowners, there was a plot which resulted in his 

murder.

The lack of control over protected areas is part of a larger problem of law 

enforcement in the Amazon. The issue of privatization of land ownership is 

particularly important, and is a major issue on the debate about the institutional causes 

of deforestation. As discussed previously, many Brazilian governments used the 

formal or informal colonization of the Amazon to avoid proper agrarian reforms. One 

instrument was concession rights after the occupation of state-owned land {terras 

devolutas). According to the legislation, one year was usually enough to assure the 

land title and after a few more years the land could be sold. The possibilities of capital 

gains with re-selling the land fuelled the race for property rights, and deforestation
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was a main source of enforcing land claims: the actual productivity o f the economic 

activity carried out after deforestation might be low, but the asset value was increased 

by the expectation of higher land prices (Ozorio de Almeida and Campari, 1994). In 

other words:

"Rather than the agricultural suitability of land and settlers, the 

problem is better understood by focusing on the supply and demand for 

property rights" (Mueller et aL, 1994, p .274)

The extent of private-owned land in the Amazon is already considerable. One rough 

estimate for the state of Para was given as 50% of the total land as already in private 

hands. Using the limit of 50% of the property as a maximum for deforestation (the 

legal requirement until recently), there is a potential for 25% of total forested land in 

the state even if new land titles are not given (the current figure for Para is 15%).^^

In many cases, the dissenting objectives of rent-seeking behaviour of speculative 

purchasers and the claims for land of 'genuine' but landless farmers has ended in 

violent conflicts. One phenomenon commonly referred is the grilagem: through 

corruption and political lobbying, falsified documents prove' private ownership over 

state land where squatters have been living for a long period of time. The process of 

expulsion is violent, usually with the consent or even help of the local authorities. In 

most cases, the only feasible option for the expelled farmers is to squat on forest 

margins, clearing land and expanding the social agricultural frontier in the Amazon 

(Ozorio de Almeida, 1992).

Government failure to properly arbitrate and enforce property rights is considered one 

contribution to the rent-seeking behaviour behind this process (Schneider, 1994). 

Federal institutions are the most important regulator in the Amazon region, and the

Interview with IMAZON researchers. The concern with property rights has motivated IMAZON to 
start a project surveying land rights in critical areas of Para using data from Land Registries.
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reduction of federal government activities in order to reduce fiscal expenditures can be 

considered therefore as an indirect incentive to deforestation.

5.4 The economics of deforestation

The previous section discussed how governmental policies affect the profitability of 

different land use options, thus playing a crucial role in the deforestation decision. 

This section addresses this relationship through a theoretical model incorporating the 

economic motivations to the deforestation decision generated by governmental 

policies. Note that this approach does not deny the contribution of non-economic 

variables to the process, but given the limitations of this study the focus is centred on 

the policy contribution rather than an examination of 'all' causes of deforestation.

The economic rationality behind the occupation of forest land is shown by empirical 

studies which conclude that agriculture and ranching are more profitable than 

expected. In the Eastern Amazon, there is evidence that ranching can be financially 

feasible if properly managed by pasture recovery and more intensive care, and small 

property holders are doing particularly well with calf and dairy production (Mattos 

and Uhl, 1994). This evidence is compatible with data showing a faster growth in 

herds of smaller size in the whole Amazon (Schneider, 1994). It is important to 

remember that even in the early 1980s the concession of fiscal incentives to cattle 

ranching was restricted to a few large projects. The increasing practice of ranching by 

small holders shows that the activity is attractive even for those who cannot benefit 

from any fiscal incentives. Agriculture has also shown positive returns in many areas 

in the Amazon. Ozorio de Almeida and Campari (1994) found yield productivity 

increasing with time in settlements in Para and Mato Grosso. Mueller et al. (1992) 

estimated that agricultural productivity in the forest margins at the South border o f the 

Amazon was close to the national average for most crops.
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Table 5.16 Productivity of various crops in the forest margins and in Brazil, 
1990

Crop
Productivity

Forest margins (ton/ha) Brazil (ton/ha)

Rice 1.05 1.88
Beans 0.51 0.48
Com 1.06 1.87
Soybean 1.90 1.73
Coffee 1.13 1.01
Cassava 11.89 12.56

Source: Mueller et al. (1992), based on IBGE data

Schneider (1994) argues that these data are compatible with the 'leaming-by-doing' 

adaptation hypothesis of Moran (1989a, b). According to this hypothesis, newcomer 

farmers experience more difficulties in the early stages of settlement. Only after some 

years more appropriate techniques are employed, thus assuring a better return. The 

productivity is also increased if land is sold to late comer farmers with access to 

industrial inputs and machinery, inaccessible to the early settlers.

As other economic agents, settlers intend to maximize the income they expect to 

obtain during the period of time they will remain in the land. In formal terms, the 

land use choice is equivalent to a portfolio decision, the asset in question being forest 

land. As in other portfolio problems, two parameters are fundamental in this decision: 

the stream of future revenues associated with each land use option, discounted to the 

present time, and the degree of risk or uncertainty involved in each option.

The first parameter is based on the comparison of the present value of the revenues 

expected under each of the land use regimes, including the capital costs incurred. This 

is the standard procedure in the many valuation exercises carried out for tropical 

forest land (see LEEC, 1993; Pearce and Warford, 1993; Godoy et al., 1993). The 

second issue is less emphasized in the literature but no less important: given a higher 

degree of uncertainty or a smaller time horizon imposed by the needs of subsistence, 

it is possible that the settlers decide for an option which provides less but safer and 

immediate revenues than a more profitable but riskier land use option. Pinedo-
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Vasquez et al. (1992) discuss this problem in the context o f the Peruvian Amazon, 

where the lack of secure land and resource tenure is a disincentive to pursuing land- 

use options with immediate returns lower than those available from slash-and-bum 

agriculture.

The same is valid for the Brazilian Amazon. If the farmer is unsure about the property 

rights over the land, the land use decision will be biased towards economic activity 

which can provide the highest revenue in the short run - even though other options 

can be more profitable if long term revenues are also included. This point establishes 

a clear difference between farmers with defined land rights and squatters. Farmers 

with well assured property rights consider long term variables in their income 

estimates, such as future prices of the land and revenues from timber and other natural 

resources. Hence, activities which involve the loss of potential future revenues should 

be accounted for as user cost in the income calculation. On the other hand, farmers 

with no property rights have a shorter time horizon. Their income estimates tend to 

consider only current expenditures and revenues, not incorporating patrimonial losses 

caused by current production:

"From the individual's point of view, nutrient mining is a rational 

approach to agriculture in a land-surplus (and land accessible) 

economy. ... Whether a given farmer, rancher, or forester intends to 

remain (geographically) stable or not, economic forces will probably 

force him to adapt to a land-surplus economic environment." (World 

Bank 1992c, p.ix)

Note that the existence of non-titled farmers affects the decision making of titled 

farmers because the incorporation of marginal forest land in the market tends to lower 

land prices, reducing the cost that land can be replaced after being completely mined 

(i.e., lowering the user cost associated with deforestation).^^ The consequence is that

As already discussed in chapter 2, 'nutrient mining' refers to the unsustainable extraction of nutrients 
from the forest soil through logging, cropping and ranching (Schneider, 1994).
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expenditures on increasing land productivity (chemicals, fertilizers, erosion control, 

etc.) are not encouraged because of the availability of cheap land at the frontier.

5.4.1 The defînition of income

The definition presented by Keynes (1973) provides a formal way to treat income 

incorporating the parameters which regulate the decisions concerning alternative ways 

of keeping assets. According to this definition, the entrepreneur's income from any 

productive activity (E) in a time period t is defined as the difference between the 

revenues obtained from the sale of final goods (A), and the user cost (U) and the 

amount paid for other production factors - labour, capital - (F) involved in the 

production;

E  = A - U - F  (5.1)

The user cost represents the total sacrifice the producer is willing-to-accept in order to 

carry on his production decision. It includes the current expenditures on non-labour 

intermediate inputs, and the expected losses in the asset stock due to production 

(including the value of the land).

Formally, user cost can be divided in two terms. The first term is constituted by the 

purchases from other producers (A l). The second term represents the capital losses 

occasioned by production, and it is defined by the difference between the value of the 

asset stock after the depreciation due to its use (G), and the maximum value it could 

have if the assets were not used (O '), considering the maintenance and improvement 

costs necessary to achieve such a situation (B ').“

U = A l + [(G' - B )̂ - G ] (5.20)

The definition of asset stocks encompasses the stocks of final as well as intermediate goods, including 
raw materials.
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Hence, equation (5.1) can be re-written, dividing income in two components. The 

first one (E l) represents the net revenues resulting from a certain production process. 

The second term (E2) represents the net changes in the asset stock, or investment, 

resulting from the same production process. For simplification, the former (E l) will 

be called the current revenue component, while the latter (E2) will be called the 

capital component.

E = E l + E2 (5.3)

where

E l = A - A l - F  (5.4)

E2 = G - (G' - B') (5.5)

The capital component establishes the link between present activity and the future:

deciding the scale of production, the entrepreneur is also deciding how much of the 

capital stock will be preserved. Through this definition, expectations of capital 

appreciation or depreciation are incorporated in the calculation of income.

In other words, the income definition relates current production (given the stock of 

assets), represented by the current revenue component, to expectations about the 

future capacity to generate revenues from the same set of assets, represented by the 

capital component. Therefore, the decision to maximize income should refer not only 

to the immediate gains and losses resulting from the production decision: a proper 

calculation should also evaluate the long term consequences to the existing stock of 

assets.

The uncertainty about the future value of the asset is, therefore, part of the user cost. 

If there are concerns about the tenure of the asset, it means that there are lower 

expectations from the revenues one can expect in the medium or long term. The 

higher the uncertainty concerning the property rights relating to the asset, the less
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relevant the capital component becomes for the production decision. In the limit, in a 

situation where no property rights are defined, the capital component is completely 

irrelevant in the decision. This property, which can be associated with slash-and-bum 

situation, is fundamental for the application of any theoretical model to the 

circumstances in the Amazon.

5.4.2 Application to the Amazon

The application o f any theoretical concept in the real' world always implies the need 

for some adaptation. This is particularly true in the context of frontier land where 

capitalist relations are not yet fully established. In the case of agricultural production, 

two important issues should be contemplated. The first one, already referred to, is 

the existence of quasi-open access land, which can have its property right assured 

through o c c u p a t i o n . T h e  second issue refers to the importance of family labour in 

the farming economy: the settler should consider that he would be receiving a wage if 

he had decided to work for other farmers, instead of working on his own land. 

Therefore, the income of a settler should incorporate not only the expectation of profit 

when eventually re-selling land, but also the losses of potential revenues from forest 

products and services, as well as the opportunity cost of his own labour time.

The first consideration is particularly important for the economics of deforestation. 

Land in the Amazon has been increasingly demanded as a store of value by the 

prosperous urban middle class of the region. Given the high risk of financial 

investments caused by macroeconomic instability, and the possibilities of asset 

appreciation due to road construction and other improvements, purchasing land 

became an attractive way of investing - even if the returns one could obtain from 

farming were low. Thus, agricultural income represents a small part of the frontier 

farmer income (compared to the revenues obtained by selling land), and the potential

In legal terms, there is no open access land in Brazil: there is always an owner. However, as discussed 
before, state owned forest land is often treated as open access land, and property titles are given after 
proof of occupation. Another problem is encroachment, especially in indigenous territories.
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for claiming more open access forest land cash pushes the frontier farmer to deforest 

even further. In other words, land turnover is caused by the possibility of capital 

gains, rather than expulsion caused by poor economic performance.

This speculative behaviour is described as an agricultural involution' which results in 

increasing areas of abandoned cultivations and pastures after a short period of 

occupation, resulting in degraded secondary forest formations, known as capoeiras. 

Ozorio de Almeida and Campari (1994) found that only small farmers who pursued 

agriculture as the main source of earnings, and were therefore more unlikely to move 

out of old frontiers, were those with high agricultural productivity and better access to 

capital and credit (usually with higher asset allowance before the settlement).

Schneider (1994), summarizing previous studies, emphasises the positive relationship 

between higher income and turnover which contradicts the conventional belief that 

successive land abandonments are related to poor economic performance. The answer 

to this apparent paradox lies in the analysis of the different stages o f the occupation of 

land in the Amazon. The cycle of occupation starts with poor landless farmers 

arriving in open access forest areas. Because they have small endowments o f capital 

and limited or no access to credit facilities (which depends on the assurance of 

property rights), the potential productivity is low. Nevertheless, they are not likely to 

be better off in other possible locations, and they tend to stay on the land. After some 

years of occupation, government and other services start to be provided. Also, the 

establishment of property rights becomes clearer, reducing the uncertainty concerning 

land tenure.

If agriculture performs reasonably well in the region, purchasing land becomes more 

attractive to farmers with capital or access to credit to invest in production. Since their 

potential productivity is higher than the typical early settler, the price at which they 

offer to buy the land is higher than the returns the first settlers expect to obtain from 

the land (given their low capital endowment and difficulties to get credit facilities). 

This process is often accelerated by speculation with higher land prices if roads or
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other facilities are expected to benefit the land. The final result is a change in land 

ownership, many times with urban dwellers as proprietors, and the move of the first 

comers to other frontier areas, continuing the race for property rights.

In other words, clearing land affects both sides of the income equation. The current 

revenue component is affected because land clearing represents an increase of both 

revenues and costs. In the capital component, land clearing is, at the same time, an 

investment (asset accumulation, in the case that clearing entitles the farmer to acquire 

property rights on the land or to appreciate its market value) and a disinvestment (in 

terms of the foregone income from natural resources which are consumed by the 

clearing process).

It is clear that, in the context of the Amazon, the disinvestment caused by the loss of 

natural resources is usually omitted from the economic calculations. Only recently 

have economists paid attention to the question of valuation of non-produced assets. 

One example is the study by Serôa da Motta and May (1992) which estimates the 

foregone income from selective timber extraction which is lost because of the 

agricultural expansion in Brazil as a whole. The authors estimated the depletion cost 

of forests, in a given period, by the present value of the timber which would be 

generated by the natural growth of forest at its stumpage value. Assuming a discount 

rate of 5%, their results show that the aggregate depletion cost corresponding to 

timber losses reached 36% of total agricultural production in the deforested areas (see 

table 5.17).

Table 5.17 Brazil: Deforestation timber depletion cost and agricultural output, 
1971/80

Year
Timber Depletion Cost 

(A)
US$ 1,000

Agricultural Production 
of Deforested Areas (B) 

US$ 1,000
(A)/(B)

%

1971 13,739 127,690 11
1975 39,924 219,081 18
1980 121,181 339,748 36

Source: Serôa da Motta and May (1992)
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5.4.3 Theoretical model

The model developed in this section is inspired by similar attempts, particularly by 

Southgate and Pearce (1988) and Southgate (1990). However it presents some unusual 

features distinct from the environmental economics modelling tradition. The most 

important refers to its Keynesian theoretical basis: its objective is not to determine an 

optimal set of prices which would assure the most efficient use of the resource, but to 

examine how forest clearing decisions are affected by a set of policy related variables 

in the context of imperfect markets and uncertainty, where prices are given and 

expectations have exogenous elements in their formation. The key element in the 

analysis is the profit maximization behaviour of individual farmers according to their 

own expectations, rather than a utility maximization exercise by a hypothetical (but 

non-existent) social planner. The deforestation process can be presented as a 

consequence of individually rational decisions which, in aggregate, do not lead to a 

social maximum (because there is no mechanism, such as a social planner, to assure 

the automatic reconciliation of conflicting individual plans). This conceptual 

framework, distinct from the neoclassical perfect market approach, allows the 

theoretical treatment of market imperfections and speculative behaviour typical of the 

frontier economies, as described in Ozorio de Almeida and Campari (1994) and 

Schneider (1994). The final objective is to provide a theoretical basis for the 

estimation exercise, described in the next subsection.

Slash-and-bum with no land property rights

First, consider the situation where property rights are not defined, before and after 

land clearing (land surplus situation). This can be associated with traditional slash- 

and-bum subsistence cultivation. Only the current component is relevant: there is no 

consideration for capital accumulation. Given the lack of investment, slash-and-bum

Appendix 5.1 presents an optimal control model with theoretical results perfectly compatible to the 
analysis carried out in this section.
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cultivation is characterized by low productivity per unit of area. The only relevant 

costs are labour and transportation. There are no payment of interest or other transfers 

(taxes, direct subsidies, etc.).

One important assumption is that farmers are price takers, i.e., agricultural production 

in the frontier is too small to affect the prices of agricultural goods which reflect 

government policies and market conditions outside the frontier region. In a similar 

way, wages are given by government policy and labour market conditions outside the 

frontier. As discussed before, this cost should impute the opportunity cost of family 

labour which otherwise could have been paid to work outside the family plot. The 

other relevant cost is transportation, which is inversely related to the availability of 

roads.

Standard assumptions are considered for the output and input functions. Agricultural 

revenues per unit of land decrease if more land is cleared but labour and 

transportation costs increase: the idea is that forested land is not homogeneous, and 

the first plot to be cleared is the one which presents higher expected net returns. 

Therefore productivity and profitability decrease with the expansion of the cleared 

area.

In formal terms, since there is no consideration of the capital component: income is 

equal to the current component:

E = E l = A - W - R  = A -  C (5.6)

where A is the total revenue from agricultural production and C is the total cost (sum 

of labour cost W and transportation cost R).

^  9 . (5.7)
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where p, is the (given) composed price of the aggregate agricultural output resulting 

from the cultivation after land clearing, including timber extracted before the forest is 

burned, and qa is the respective quantity produced.

^  4L (5.8)

where pw is the (given) wage and qw is the quantity of labour used.

R = ~p, - (5.9)

where pr is the (given) price of transportation and qr is the quantity of transportation 

required.

Productivity declines with the expansion of cleared area but costs increase:

dl

dl

dqr
dl

> 0 ; < 0 (5.10)
d f

> 0 ; > 0 (5.11)
d f

> 0 ; > 0 (5.12)
d f

These expressions result in (the primes represent first and second derivatives relative 

to deforested area):

A' > 0 , A" < 0 , C  > 0 and C" < 0 (5.13)

Since the time horizon is extremely short, future revenues and losses are not

considered. The decision on how much land to clear is exclusively based on the 

maximization o f the current component: land will be cleared up to the point where 

current costs exceed total current revenues. This is represented in figure 5.2. The 

vertical axis represents the revenues and costs expected from the clearing and

cultivation of forest land (the quality of land is variable, and the land with higher net

revenues is cultivated first). The horizontal axis represents the amount of land (L) the
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farmer decides to clear for agricultural use (i.e. L is the amount o f land where income 

is maximized). Since there is no concern over the capital component, total income 

exceeds the ’normal’ income (the hypothetical income if the capital costs were 

included) in an amount equal to the depletion cost. Therefore, the lack of well defined 

property rights results is an extra incentive to clear land, corresponding to L - L* 

hectares.

Figure 5.2 Income maximization in the 'typical' slash-and-bum

L

After one or two years o f cultivation, soil fertility falls considerably and the farmer 

moves to a new plot of forested land. The reason is that burning the biomass of the 

forest (nutrient mining) temporarily compensates for the lack of agricultural inputs or 

investment on land improvement required for the conservation of soil fertility - the 

biomass stores most of the nutrients, so burning the forest converts biomass nutrients 

to ash which can be mined’ as fertilizer. Since the major cost is clearing the land, the 

farmer usually prefers to re-use a plot o f land which had been cleared before but was 

let to rest for a considerable period of time, with a secondary forest formation
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(capoeira) with enough biomass to allow a new cultivation c y c l e . T h u s ,  if the 

supply o f (secondary) forest is sufficiently large to accommodate the demand for land 

every year, the system can be considered sustainable: there is no pressure to clear 

primary forest.

Economic policies may affect the level of deforestation through: 33

Increasing the revenue of agricultural production through higher agricultural 

prices. This corresponds to an upwards shift of the revenue curve and 

subsequent increase in the area cleared for cultivation (see figure 5.3).

Figure 5.3 Increasing revenues in a typical slash-and-bum situation

ToUl re v m e  (lAer)

Total revoue (brfort)

L(btfore)

The cost of clearing capoeiras is considered by Homma et al. (1994) as about half the cost o f clearing 
primary forest.

The forest is 'sufficiently large' if S>T.q*.N; where S is total supply of forest land, T is the minimum 
number of years required for the capoeira recover the critical amount of biomass to allow the return of 
cultivation (between 10 and 20 years in the Brazilian Amazon), q* is the annual requirement of land of  
an average farm (defined by the intersection of the marginal cost and marginal revenue functions) and 
N is the total number of farmers.

33 A formal proof is presented in appendix 5.2.
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ii. Decreasing the cost of labour (for example, through measures which result in 

reducing wage levels in alternative labour markets, thus making people more 

interested in the option of moving to the frontier) or decreasing transportation 

costs (for example, opening new roads). This corresponds to a downards shift 

o f the current cost curve, resulting in an increase of the area cleared for 

cultivation (see figure 5.4).

Figure 5.4 Decreasing costs in a 'typical' slash-and-bum situation

L (afte r)L (before)

Introducing selling rights over land after occupation

An important change is introduced when settlers are allowed to sell the land plots after 

some years o f occupation. Therefore, the capital component should be incorporated in 

the income equation; the capital gains obtained from selling the land, net of the losses 

o f timber and other natural resources which existed prior to deforestation.
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In a conventional situation, it is expected that the value of an asset should decrease if 

used for production and no investment is carried out to compensate the subsequent 

depreciation. Under this approach the price of the land would have gone down if the 

natural resources were depleted by the clearing process necessary for cultivation of 

annual crops or ranching. However, the situation in the frontier is different because 

quasi-open access land is not in the market until it is occupied by the farmer. Hence 

there is a capital gain for the settler which is the result o f introducing 'new' land into 

the market. Therefore, in the decision of land clearing, the settler should consider the 

expected profit from selling the land as a capital gain in the calculation of income, 

even though the stock of natural resources embodied in the land may have fallen.

Conceptually what is suggested is that the value of the asset stock owned by the 

farmer after its use (G, in the income definition) increases rather than decreases. This 

happens because land acquires a new quality - property rights - which could not be 

incorporated if the asset had not been used during production (O '). A situation of 

capital appreciation occurs since (G) is higher than (G '). This capital appreciation is 

composed o f the capital gain (corresponding to the value of land which has been 

officially granted) minus the cost of the sacrifice imposed by depleting the forest (the 

foregone revenues from timber, biomass and extractivist activities which were lost 

because the land was cleared). From the settlers' perspective, this depletion cost is 

usually smaller than the capital gain obtained from the grant of selling rights over the 

land, a quasi-rent obtained for the incorporation of the frontier land into a capitalist 

production framework:^ the asset component is equal to the latter minus the former.

In other words, the depletion of natural assets through the removal of the native 

vegetation is, from the settlers' perspective, an investment to assure land tenure 

rights, as if the consumption of the forest is required as an input for the 'production' 

of marketable land. The demand for land therefore derives from not only the net 

returns expected from productive activities but also from speculation over the gains

In Marxist terms, this is described as 'primitive accumulation of capital'.
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from selling the land in the future. This is possible because better off farmers have 

higher expectations of future revenues, given their superior asset endowment and 

access to credit (see Ozorio de Almeida and Campari, 1994; Schneider, 1994). This 

issue is examined in detailed in the next subsection.

Note that the settler usually claims plots of land larger than the area which has already 

been cleared. This extra land can be incorporated as a forest reserve inside the farm 

(legally, the farmer is not allowed to clear all the land but only half of it).^^ Usually, 

the total area claimed is a multiple of the area which has been cleared. Therefore, the 

process of deforestation can follow two patterns: inside property (increasing the 

proportion of deforestation in plots which are already inside a farm with defined 

property rights) or outside property (deforestation in terras devolutas or other 

encroachment which were not yet claimed as private property).

Duality at the frontier

The establishment of a land market at the frontier introduces a new agent in the 

model: the 'late' settler, who comes only after property rights are reasonably well 

defined (i.e., after the early' settlers had already occupied the land). These farmers 

have a better endowment of capital and access to formal credit facilities, resulting in 

higher productivity per unit of area. The use of non-labour inputs and other land 

improvements allow agricultural production to increase without the need of clearing 

more forest areas (agricultural intensification). However, the coming of this second 

generation of farmers is only possible after property rights are defined, since they 

need longer periods of time to maximize their production and they are not willing to 

face the uncertainty , requiring the establishment o f some 'governmental functions' 

(using the expression of Schneider, 1994) before they establish themselves. Their 

production costs are higher, including the late settlers' own opportunity cost of

This legislation is supposed to change after the completion o f the ecological-economic zoning of the 
Amazon. However, this is not expected to be completed in the near future (see section 5.6).
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labour, and they are not likely to be compensated by the low productivity of the 

traditional slash-and-bum cultivation.

Since the net present value of the income per unit of land expected by the late settlers 

is higher than the current value of the net revenues per unit of land expected by the 

early settler, the former is willing to pay more for the land than the latter would 

expect. Hence, the late settler will buy land from the early settler up to the point 

where the expected return equals the cost of intensifying production in the land 

already owned by the late settler.

This duality at the frontier can be described by a simple model. First consider the 

situation in the old frontier. The late settler is also subject to decreasing revenues and 

increasing costs per unit of area. The current cost function includes the payment of 

interests, because late settlers have access to credit facilities. The cost of credit is 

inversely related to the availability of official credit lines with subsidized interest 

(negative real interest until the mid 1980s). Since property rights have been 

established, the capital component is considered in the income calculation. This means 

that the depletion of natural resources should be considered in the estimation of 

futures revenues and costs. For simplification, it is assumed that the late settlers do 

not speculate with land prices, therefore the capital losses and gains are represented in 

the stream of expected net revenues from agricultural use, discounted to the present.

E l = n p v ( A l - C J  = Î l 7 r r r : - ( A L , - C j  (s.w)
t=0 H "r a y

A l '  >  0 , A l ” <  0 , C u  >  0 and C l ” <  0 (5.15)

This step was taken in order to restrict the analysis to only two waves of migrants. In reality, the 
process is far more complex, and speculation with land prices is also an important reason for second, 
third or even later waves of farmers to acquire land in the frontier. The consequences of relaxing this 
assumption are discussed later.
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The demand for land at the old frontier created by the arrival of late settlers generates 

the expectation of profits for the early settlers if they move to the new frontier (i.e., 

unoccupied terras devolutas), incorporating more land to be sold in the future. As 

discussed previously, the price of land at the new frontier is given by the conditions of 

production of the late settlers. The capital gain for acquiring' land in the new frontier 

is a fraction of the price of equivalent land in the old frontier:

Pis ^  ^  PiL ' 0 < a  <1 (5.16)

The income equation for the early settlers becomes:

A e '  > 0 , Ae" < 0 , C e '  > 0 and Ce” < 0 (5.17)

E e = Ae - Ce + ct.Pj^ (5.18)

where A e represents the (marginally decreasing) current revenues expected from 

agricultural activities and Ce represents the (marginally increasing) costs of land 

clearing and cultivation.

For the early settlers, the future gain from selling land justifies the clearing of areas 

where they cannot expect positive net revenues from cultivation or other agricultural 

activities. Therefore, they will clear land up to the point where their marginal cost 

equals the sum of the marginal current revenue and the expected capital gain (i.e., the 

fraction of the price of equivalent land in the old frontier), rather than solely the 

marginal current revenue. Since the former exceeds the later, deforestation is higher

Equivalent plots of land in the old and new frontier do not have the same price: if  prices were the 
same, farmers would always prefer land in the old frontier because of the uncertainty concerning 
property rights in the new frontier. Therefore, the ratio between land prices in the new and old 
frontier expresses the degree of confidence in property rights: this ratio equals one only when 
confidence on tenure rights is identical in both regions.
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than in the previous situation where only the revenue component is considered in the 

income maximization problem (traditional slash-and-bum). It also explains why 

apparently uneconomic activities are carried out in the new frontier: indeed, the 

appearance' of using the land for production endorses the claim for property rights.

This is expressed in figure 5.5. The right top quadrant describes the situation at the 

old frontier. The limit to land clearing in this region (L(of)) is given by the point 

where the marginal income expected from land clearing activities, expressed in 

present values (because property rights are well established in the old frontier), equals 

zero. The marginal income curve (E'(ls)) also determines the curve for the price of 

land in the region (pl(of)). As discussed before, the price of the land in the new 

frontier is a fraction of the price of equivalent land in the old frontier. This is 

represented by the equation in the top left quadrant.

Figure 5.5 The duality of the frontier

Old frontlet

UoO
plfNFV

New fionlier
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The bottom left quadrant represents the new frontier. The marginal income curve for 

the early settlers (E'(es)) is equal to the sum of the marginal current income (E l’(es)) 

and the expected capital gains from acquiring land through land clearing (equals to the 

price of land in the new frontier, pl(nf)). The consequence is that land clearing in the 

new frontier (at the point where E'(es) equals zero, or L(nf)) is higher than in the 

open situation (L*(nf), which is determined by E l ’(es)) since the possibility of capital 

gains represent an extra incentive for land clearing.

Consideration of a dual’ frontier allows a better understanding of the impacts of 

governmental policies to deforestation:^*

i. increasing agricultural prices increase the profitability of agricultural activities 

in both frontiers, therefore establishing an incentive to more deforestation in 

both regions (see figure 5.6). Note that the higher profitability in the old 

frontier also increases land prices, fuelling the speculation motive for 

deforestation in the new frontier. A similar impact is expected if the policy 

results in the reduction of current costs for both early and late settlers (for 

example, an improvement of the road network in both areas).

A formal proof of these results is presented in appendix 5.3.
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Figure 5.6 Increasing agricultural profitability in both frontiers
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ii. The 'multiplier' effect of land price speculation as a motive for deforestation 

can be demonstrated with a simple exercise. Figure 5.7 describes the situation 

where only the old frontier has benefitted directly from a specific policy: to 

use the previous example, consider that the road improvements did not affect 

the new frontier. Land prices in the old frontier increase because agricultural 

activities become more profitable. This also inflates land prices in the new 

frontier, increasing the expected gains from future land sale. The result is that 

deforestation increases in both regions, even though only the old frontier 

benefits directly from the policy change. Note that deforestation in both 

regions would increase with the removal of the simplistic assumption that late 

settlers do not speculate with land prices. In this more realistic situation, rising 

land prices in one region would start a wave of inflated prices in other areas 

which may not be directly connected to the original causes of the price 

increase.
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Figure 5.7 Increasing agricultural profitability only in the old frontier
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ill. It is clear from this analysis that reducing speculation would bring positive 

impacts in the control of deforestation. Figure 5.8 shows a situation where a 

corrective policy is introduced to deter speculation in the new frontier 

(increasing taxes on land transfer, stopping land concessions to large farmers, 

imposition of a ban on re-selling land distributed to small farmers, improving 

the control against encroachment on public and indigenous territories, or 

reducing the uncertainty on capital markets thus creating a safe alternative to 

investment in real assets such as land). This has the effect of decreasing the 

expected capital gains from land clearing, reducing the profitability of 

deforestation.
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Figure 5.8 Reducing the speculation motive for land clearing
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One point not considered in the analysis above refers to income effects. It is possible 

that deforestation in the new frontier may be indirectly encouraged by the increase in 

the total income of late settlers. Nevertheless, this income effect should be weighed 

against the risk aversion of late settlers, who may prefer to intensify production in 

already owned land rather than risk a move to remote and relatively unsafe land in the 

new frontier. A similar point refers to the flexibility to move resources between the 

old and new frontiers. If there are clear signals that the benefits introduced in the old 

frontier (infrastructure improvement, 'government functions') will not be expanded to 

the new frontier, there will be less interest in investing in the new frontier.

If the proper institutional framework is established to avoid the 'speculation 

multiplier', the demand for land in the new frontier becomes inversely related to the 

cost of agricultural intensification in the old frontier. This is the argument used in 

favour of improving infrastructure and living conditions for the settlers already 

established in the frontier: better conditions in the area they already occupy would 

represent an incentive not to move further into the new frontier. There would be an
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increase in deforestation in the areas already occupied, but it would stop the advance 

of deforestation in the rest of the Amazon.

5.5 Empirical exercise: the contribution of adjustment policies to

deforestation, Brazil: 1970/85

5.5.1 Selected policies

The model developed in the previous section provides the theoretical background for 

an empirical exercise that tests the contribution of adjustment-related variables to the 

process of deforestation. The selected policies refer, directly or indirectly, to the 

economic incentives to land clearing in Brazil. Two are directly related to the 

profitability of agriculture: agricultural pricing and agricultural credit. The link 

between road building and deforestation is more indirect, through changes in 

transportation costs. Finally, two other variables were chosen because of their strong 

connection with the macroeconomic management: rural wages and land prices. Rural 

wages are strictly related to the official stipulation o f minimum wages and the overall 

performance of the economy (in the sense that recessionary policies depress labour 

markets, therefore reducing the opportunity cost of labour and favouring migration to 

the frontier). Land price increases in the 1970s and 1980s were coimected to the boom 

in the agricultural export sector, which resulted in the expansion of the 'economic' 

frontier, notably the cultivation of soybeans in the Southwestern borders of the 

Amazon.

Agricultural credit and pricing policies

The existence of special credit lines with negative real interest rates has been 

frequently pointed out as a major cause of deforestation (see the discussion on section 

5.3). Furthermore, considerable incentives were directed to one of the most damaging 

activities in environmental terms: cattle ranching. The consequences were doubly
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perverse: it represented an additional direct source of deforestation (forest being 

converted to pastures), and changed the existing pattern of land use in areas already 

cleared, encouraging the shift from less damaging activities, such as perennial 

cultivations. The introduction of tighter monetary policies in the 1980s has reduced 

both the total amount of credit and the implicit subsidy of the real interest rate. 

Therefore, a positive relationship between credit and deforestation would provide an 

argument in favour of the hypothesis that adjustment policies tend to favour the 

preservation of the forest.

However, this position should be balanced by the consideration of pricing policies as a 

main incentive to agricultural production. One of the most important elements of 

adjustment policies refers to the removal of the bias against agriculture through the 

realignment of relative prices. In the Brazilian case, this has been done through the 

adoption of more realistic' indexation instruments to defend agricultural prices 

against rampant inflation. This has more than compensated the retraction of credit 

lines and incentives, and was a major factor in the agricultural boom in the 1980s. 

Therefore, a positive relationship between agricultural prices and deforestation 

reverses the previous conclusion, in the sense that adjustment had indeed contributed 

to forest land clearing.

Road building

The previous discussion shows that deforestation is expected to increase in areas 

where the road network is expanded, despite some controversy about the impacts on 

other regions. The cutbacks in public spending affected the completion of the planned 

road structure for the Amazon. This would have represented a positive contribution of 

adjustment policies to curb the process of deforestation .

Rural wages
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As discussed in Chapter 4, the government adopted explicit measures to reduce real 

wages during much of the 1980s. This policy was part of the stabilization strategy of 

decelerating economic growth, reducing aggregate demand and import requirements. 

The policy of reducing real wages combined with the overall recession induced by 

very high interest rates resulted in a contraction of the labour market. The reduction 

of employment opportunities and the depreciation of the minimum wage, a main 

reference for the unskilled labour force, represented a double incentive to the 

deforestation process: directly because it reduced the labour cost, particularly 

important in land clearing decisions, and indirectly because it restricted the 

possibilities of landless rural workers to succeed in the labour market, turning into 

migration to the frontier a more attractive option. In other words, the reduction in real 

wages and other stabilization policies contributed to the increase in the level of 

poverty, which resulted in extra pressure for consumption of quasi-open natural 

resources (forests): the expansion of deforestation is the other side of the same process 

o f increasing social exclusion and violence which exploded in urban centres in Brazil 

since the 1980s.

Land prices

Land prices are not directly determined by governmental action, but the role of 

agricultural and other government policies is essential to their formation. The 

adjustment objective resulted in export incentives and other agricultural promotion 

policies have influenced positively land prices. Since most of the boom was 

concentrated in the South and Southeast regions, it initially resulted in an increasing 

discrepancy between property prices in different regions. This process has fuelled 

speculation in the land market, which is also blamed as a major cause of 

deforestation.

5.5.2 Description of the variables

Deforestation (dependent variable)
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There is a wide controversy about the proper measurement of deforestation in the 

Amazon (Feamside, 1993a,b; Veja, 1995). The most precise method is based on 

screening satellite images. However, many difficulties undermine the use of direct 

estimates of deforestation. First, there are considerable discrepancies in the way the 

images are obtained and interpreted. Second, systematic observations exist only for 

the period 1987-1991, with just one observation in the 1970s (1978).

Instead, a proxy based on the expansion of agricultural density (DE: total agricultural 

area divided by the total state area) according to the agricultural censuses has been 

used to estimate deforestation (similar proxies were used by Reis and Margulis, 1991; 

Serôa da Motta and May, 1992; and Reis and Guzman, 1994). These censuses were 

carried out in the years 1970, 75, 80 and 85. Therefore, it was possible to estimate 

deforestation as the expansion of agricultural area during these years according to the 

same methodological principles.

One important consideration refers to the use of observations for states outside the 

Amazon. This procedure was adopted for two main reasons: the expansion of the 

frontier in the Amazon is the final stage of the land conversion process started in the 

other regions of the country; and the use o f data for other states increases the number 

of observations, therefore improving the statistical quality of the analysis.

Another problem concerned the states which suffered partitions or fusions during the 

period. To avoid this problem, the following states and territories were kept unified: 

Rio de Janeiro and Guanabara, Mato Grosso and Mato Grosso do Sul, Pernambuco 

and Fernando de Noronha, and Goias and Tocantins. Given its very small size, the 

Federal District (Brasilia) was also considered part of Goias.

Agricultural credit
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Agricultural credit density (CR) was estimated by the total credit destined to 

agricultural activities divided by the total area of the state. The primary source of data 

was the Brazilian Central Bank, and the values were deflated by the general price 

index (IGP-FGV).

Agricultural prices

An index for agricultural prices (PA) was built using data from the agricultural 

censuses (1970 to 1980) and the statistical yearbook (1985), both published by IBGE. 

The index considered the four more important crops to small farmers: beans, rice, 

cassava and com. Market prices for each crop were obtained dividing the total value 

of production by the total output (in physical units). A (Paasche) nominal price index 

was created, assuming the national average in 1980 as the basis. Finally, a real price 

index was estimated dividing the nominal indices by the implicit GDP deflator.

Road building

Road density (RO) was calculated by dividing the total extension of roads (as 

presented in the IBGE censuses) by the total area of the state.

Rural wages and land prices

The (nominal) indices for land prices (PL) and agricultural wages (WA) were taken 

from the agricultural survey, carried out every semester by the Fundaçâo Getûlio 

Vargas. The values were taken from the series of prices for cultivated land and the 

cost of hiring temporary labour, respectively. The year value was obtained by the 

average value observed during the year (usually, one observation per s e m e s te r ) .T h e  

implicit GDP deflator was again used to convert the series into real values.

After their partition, it was considered the average value between Mato Grosso and Mato Grosso do 
Sul, and Goias and Tocantins.
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5.5.3 Estimation procedures and results

The contribution of the selected variables to the deforestation process, as discussed 

above, is summarized by equation 5.19.

DE = f ( C R \  P A \  R 0 \  WÆ, PL") (5.19)

A panel data regression was carried out in order to test the impact of policy-related 

variables to deforestation, according to the data described in the previous sub-section. 

Equation 5.20 presents the functional form chosen for the demand for agricultural 

land in state i at time t, considering Ai as a constant referring to the specific 

conditions of state i.

DEu = Ai-PAt,'.PW-WAf/-Cm;-ROf/ (5.20)

The deforestation problem is essentially a flow problem, therefore the dependent 

variable is better expressed in terms of change in time. Data analysis using a computer 

software (Best Fit) showed that an exponential form would be more appropriate than 

an ordinary linear relationship. Equation 5.21 expresses the previous equations in 

terms of time changes:

DEij _   ̂ PAjj ja,  ̂ PLij ja2  ̂ WAjj jgj  ̂ CRi.t  ̂ ROj,t jaj 21)
DEu-i PAu-i PLij-1 WAu-i CRu-1 ROu-

Applying logarithms, and using the notation xt to represent ln(Xt/Xt-i) =  InXt - InXt-i, 

this equation can be transformed into a linear relation:

deu = cciP^ij + cc2 -Plij + as-WQi,! + a ^ cru  + asroi,t (5.22)

The regression was based on equation 5.22, with the addition of a constant term, time 

dummies for the periods 1975/80 and 1980/85, and the stochastic error. The results 

using ordinary least squares (OLS) regressions presented evidence of 

heteroscedasticity. To solve this problem. White's method was used to produce robust
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Standard errors. Using this method, the coefficients are the same as the ones estimated 

by OLS, but the covariance matrix is estimated according to the least squares residual 

of each observation, resulting in a more efficient estimator (Greene, 1993). Thus, it is 

possible to make appropriate inferences based on the results of least squares without 

actually specifying the type of heteroscedasticity. The results are presented in Table 

5.18.

The regression results are consistent with the conclusions from the theoretical 

analysis.

The variation in time of the agricultural area (proxy for deforestation) is positively 

related to the change in time of agricultural prices, credit, road building and land 

prices, and inversely related to the variation of rural wages. Both time dummies are 

positively related to deforestation, suggesting that there were other factors 

contributing to deforestation in the 1975/80 and 1980/85 periods which were not 

captured by the model. All results are significative at the 5% level of confidence."*®

If the ordinary standard errors were applied, rural wages and the constant would be significative at the 
10% confidence level, and all other variables would be significative at the 5% level. The coefficient 
estimates are the same in both cases.
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Table 5.18 Regression results

Variable Coefficient Std. Error t P > | t l [95 % Conf. Interval]

pa .1604414 .061041 2.628 0.011 .0380088 .2828741

pi .1681642 .0679067 2.476 0.016 .0319606 .3043679

wa -.4117057 .2002435 -2.056 0.045 -.8133432 -.0100682

cr .3752031 .0658824 5.695 0.000 .2430598 .5073464

ro .4072768 .0799577 5.094 0.000 .246902 .567516

d7580 .4374081 .077124 5.671 0.000 .282717 .5920992

dS085 .3933003 .1236985 3.180 0.002 .1451936 .641407

constant -.2514704 .1016744 -2.473 0.017 -.4554304 -.0475373

Number of observations 61 
R-square 0.5526
Adj. R-square 0.4935
Root MSE 0.1573

5.6 Conclusion

The empirical exercise confirms that the relationship between deforestation and the 

objectives of structural adjustment and stabilisation is not straightforward. Table 5.19 

summarizes the inferred linkages between both: there are pros and cons

It is very difficult to deduce from quantitative analysis the total 'net' impact of such 

policies because there is no overwhelming support for the hypothesis that adjustment 

programmes tend to favour natural resource conservation, or the other way round. 

Perhaps a better way to conclude this chapter is through a qualitative interpretation of 

the deforestation problem, focusing the debate on the policy makers' perspective over 

the Amazon.
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Table 5.19 Deforestation impacts of adjustment policies in Brazil

Policies which favoured deforestation Policies which discouraged deforestation

Appreciation of agricultural prices

Depreciation of the real minimum wages and 
other policies aimed at the reduction of labour 
costs

Export and other incentives which led to land 
price appreciation

Reduction o f subsidized agricultural credit 

Reduction of road building

The nature and motivations behind the occupation of the Amazon are not static but 

change over time. The external crisis generated by the oil and debt shocks represented

a shift in the perspective of policy makers: the vision of the Amazon as a main

receptor of directed small-scale settlements, integrated with the rest o f the country 

through a road network system, was replaced by the vision of the Amazon as main 

contributor to the national effort to generate foreign exchange. As summarized by 

Mahar (1992, p .40):

"This external shock put into serious question the strategy of 

integrating Amazonia with the rest of Brazil on the basis of the 

automobile and truck. It also greatly increased the country’s 

requirements for foreign exchange to pay for oil imports and to service 

the rapidly mounting external debt. The government felt that exports of

Amazonian minerals, timber, and agricultural products could make an

important contribution to Brazil’s annual foreign exchange earnings. ’’

Therefore, the importance of government intervention that directly favoured 

settlements, such as subsidies and infrastructure facilities, gradually decreased. 

Instead, the interference became more indirect but no less important: the economic 

incentives posed by the rent seeking possibilities were enough to dispense with the 

direct facilities structure elaborated in the early years o f the military regime. In recent 

empirical studies this is indicated by the conclusion that cultivation, ranching and 

logging activities are far more profitable than usually thought.
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It is in the shift from the mainly politically motivated to a more economic based 

occupation of the Amazonian space that the main contribution of adjustment policies 

to deforestation resides. Certainly the adjustment strategy did not start the problem, 

but it did not attempt to control it either. Through changing the nature of the 

motivations behind deforestation, these policies actually contributed to the 

perpetuation of the process. In that sense, it does not help to discuss whether the 

problem would have been accentuated or decreased if the pre-adjustment policies were 

adopted. The previous strategy has already been proved to be damaging for the 

preservation of the forest, and the adjustment strategy has failed to revert the process. 

Therefore, the adjustment policies are as responsible for the deforestation as the 

previous policies.

There are, however, two mitigating arguments in defence of adjustment. The first one 

concerns the alleged slowdown of deforestation rates in recent years. This argument 

has been repeatedly used by the Brazilian government since the late 1980s, in order to 

improve its image in the international community. This could mean that, even though 

there was no considerable reversal, the speed of deforestation has been decreased. 

However, it should be noted that this argument is based on observations which are 

controversial and refer to the 1988-91 period only, when economic growth was 

exceptionally low (negative, in per capita terms). There are no comparable data on 

deforestation after 1991, but a common proxy is the number of fires counted in 

satellite images. These data show that the number of fires in 1993 was larger than in 

1991, and in 1995 considerable larger than in 1993, evidence against the hypothesis of 

a downwards trend for the 1990s (see Table 5.20). This is confirmed by recent 

information about the increase of air pollution in the Amazon region (Veja, 1995). 

Even though the relationship between the number of fires and the increase in 

deforestation is not linear, this clearly contradicts the official position that the 

deforestation problem is under control'.
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Table 5.20 Brazil: number of fires counted in satellite images in July

Year Number of fires (thousands)

1991 17.8
1992 13.1
1993 19.8
1994 8.5
1995 39.9

Source: INPE (quoted in Veja, 1995)

A second counter-argument blames the persistence of unaddressed imperfections 

(market failures, policy distortions, and institutional constraints) which have not yet 

been corrected by economic reforms. In this case:

"The remedy is not to reverse the reform program, but rather to 

introduce specific complementary environmental measures that address 

the hitherto unaddressed imperfections". (Munasinghe, 1995, p. 121)

The problem with this argument is that it can be used to defend both adjustment 

policies and the previously existing policies, since it is based on the idea that any 

policy can only be fully effective if the ideal conditions for its application prevail. For 

example, one can argue that the system of government interference in markets (the 

dominant strategy before adjustment) was not responsible for the deforestation process 

because the planned intervention required an institutional basis that was seriously 

disturbed by the debt crisis. In this case, the solution could be the improvement or 

even enlargement of state direct intervention but not its withdrawal.

In any case, this argument correctly highlights the role of institutional failures in the 

deforestation process. Indeed, there has been some improvement in this area, mainly 

caused by the 1988 Brazilian Constitution and the increasing domestic and 

international awareness with environmental issues, peaked during the 1992 Rio 

Summit (see Serôa da Motta, 1993). Legislation concerning land taxation has been 

modified, in order to accept forest areas as productive land, reducing the respective

184



tax rate. The concession of fiscal incentives has been altered by the introduction of a 

new law in 1991, which restricts the application of the remaining incentives to areas 

approved by the ecological-economic zoning, and under consent of IBAMA, the 

National Indian Foundation (FUNAI) and other federal agencies. The ecological- 

economic zoning is a (federal) constitutional requirement to discriminate areas to be 

devoted to preservation or to sustainable economic use. The zoning is intended to 

orient the application of incentives and public investment in the region, harmonizing 

the government actions concerning the Amazon. The zoning procedure would provide 

detailed assessment of selected regions, where land uses are to be defined, and present 

corrective actions designed to protect specific areas under critical pressure.

Nevertheless, given the interests involved, it is not surprising that the conclusion of 

the ecological-economic zoning is well behind schedule. The delay in the completion 

of the zoning and many bureaucratic problems has resulted in the persistence of the 

concessions on an ad hoc basis to ranching and sawmill activities. Moreover, it is 

important to consider that most of these advances refer to the federal government, 

which lacks capacity or will to enforce them. State and municipal governments are 

much slower in terms of incorporating considerations about the environment and 

indigenous population, and even less concerned about the effective application of the 

new legislation .

One important point which has yet to be properly addressed is the generalized tumult 

over land property rights. In legal terms, there is no open access land in the 

Amazonian territory. However, the government practice of concessions and the failure 

of the judiciary in dealing with the spread of falsified land titles resulted in a situation 

of 'quasi-open' access land. The uncertainty about land rights is repeatedly referred to 

as a main contributor to deforestation. This was shown in the theoretical model 

presented in this chapter; when land rights are not well defined, the time horizon of 

the farmer is reduced considerably. The capital losses caused by the mining' of 

natural resources are not incorporated in the income equation, and the deforestation 

cost is reduced to the current expenditures only.
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The conclusion is that institutional reforms are also necessary to correct this failure: 

the concession of land to large projects should be stopped, and only the entitlement of 

small farmers should continue, but with mechanisms to reduce turnover and 

speculative claims on land. This would contribute to the slowing down of 

deforestation and the promotion of social Justice if the conditions are provided to 

agriculture to perform better than land speculation. Promoting agriculture in the old 

frontiers, through improving transportation, commercialization and other 

infrastructure investments, should be combined with direct measures against 

deforestation and land speculation (Ozorio de Almeida and Campari, 1994). Taxation 

of the capital gains on land transactions, direct penalization of deforestation through 

stumpage taxing, levying fines and other measures would provide a mix of economic 

and legal discouragement to speculative land clearing.

Another suggestion in favour of forest conservation is the introduction of payments 

for carbon sequestration and biodiversity preservation, in a way that the international 

community compensates local farmers for the benefits which are globally captured. If 

compensations are paid to landowners who decide to preserve forested areas, the 

foregone revenues with deforestation are increased. The user cost of deforestation 

becomes higher, thus establishing more incentive to reduce land clearing. However, 

this system can only operate properly if the issue of land rights is clearly settled.
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Appendix 5.1 Modelling land accumulation in the frontier

(i) Introduction

The literature on land use modelling usually assumes well defined property rights, 
even in the context of developing countries (for an example referring to the Amazon, 
see Hartwick 1992). Therefore the speculative behaviour referred to during this 
chapter cannot be incorporated in the analysis. The process of occupation of marginal 
forest land in the agricultural frontier is a transition situation when privately owned 
property rights are being defined by the land clearing process. Only after this process 
long term measures, such as soil conservation, becomes financially attractive to 
farmers (as explained by the conventional literature on the issue).

The objective of this appendix is to present a model of deforestation in response to 
land accumulation, motivated by land price. As discussed before, these two elements 
represent a crucial determinant in the process of deforestation in the Brazilian 
Amazon. Associated questions are: in which circumstances there is an economic limit 
in this process; what is the role of economic policies in the establishment (or not) of 
such a limit; and why better off farmers do not go themselves to the frontier and 
estalish claims on quasi-open access land.

A simple model can be used to understand the link between land accumulation and 
deforestation in a quasi-open access frontier. Quasi-open access land refers to land 
where property rights are established only after economic ocupation involving 
deforestation. The decision of land clearing is mainly motivated by the expectations of 
profits from land accumulation, and land clearing is the mechanism for claiming 
property rights. Future sales are expected when property rights become well- 
established (in the main text, this is referred to in the discussion about the interaction 
between the "new" and "old" frontiers).

There is a finite amount of frontier forest land (A) that the settler has access to. A 
rational decision is to start clearing the land with higher economic returns and lower 
deforestation costs. Therefore, there are decreasing marginal profits from land 
clearence (function P(Lt), with P’(L t)>0 and P”(L t)<0), and increasing costs of 
deforestation (C(Dt), with C*(Dt) > 0  and C”(Dt) > 0).

The decision of land clearing is thus an optimal control problem, where a maximum 
must depend on reaching an equilibrium between the marginal (current) cost of 
deforestation and the expected revenues (current and future) from land clearing.

The rationale of this problem is similar to the capital accumulation problem developed 
by Eisner and Strotz (1963). In their model, a firm maximizes its profits according to 
a known profit rate associated with the capital stock, but the expansion of the capital 
stock requires adjustment costs which increase with the expansion. Even though

An alternative way to look at the problem is to consider that the main economic motivation for land 
clearing is the concession of tax relief and credit subsidies, proportionally to the total area deforested 
(an issue frequently referred to in the Brazilian Amazon case).
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originally expressed in terms of a calculus-of-variations problem, it can be restated as 
an optimal control problem, as demonstrated by Chiang (1992). The model developed 
in this section derives from an adaptation of these models to the context of an 
economic agent intending to maximize the profits from asset (land) accumulation.

(ii) The basic model

As discussed in the main text, the "race for property rights" is based on the expected 
profits from the stock of cleared land. This would be the case of the speculative 
demand for land in many areas of the Amazon, where the main motivation of settlers 
is not cultivation itself but the "production" of land property rights. In that case, land 
clearing costs are considerably higher than any other cost - for instance, consider that 
cleared land is converted into non-managed pastures. Therefore, only land clearing 
costs are expliciltly considered (other costs are implicit in the P(Lt) which is a profit 
function).

The fact that the main motivation for land accumulation is not current cultivation does 
not mean that frontier land has no agricultural potential. The question is that most 
settlers do not have the resources (nor access to credit) to invest in production, 
presenting very low productivity. Better off farmers, endowed with capital to invest, 
would obtain higher net returns. Nevertheless, they wait until property rights are well 
defined. Only settlers with low opportunity costs are willing to face the hardship (and 
violence) in the "new" frontier - the relevance of settlers with different opportuniy 
costs in the frontier dynamics is developed later.

The problem faced by individual migrants is, thus, how to maximize the income from 
land clearing according to their own opportunity costs (interest rate r):

Max. ^

subject to:

dLf
- ^ = U  = D, > 0 (5.24)

and:

0 < L (T ; < A (5.25)

The Hamiltonian is:
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Ht  = fPt (L t)  - Ct(Dt)J.e-'^ + ^ D t  (5.26)

Therefore, the current-value Hamiltonian is:

H,, = P t (L t)  - C t ( D t )  + H . A  (5.27)

where N* = À .̂e '̂  is the current-value Lagrange multiplier.

The first order conditions are:

- g (5 .28)

Nj. > 0 (5.30)

and the conditions (5.24) and (5.25).

The result is a maximum since d^KJdDt^ =  - C"(Dt) <  0.

Equation (5.28) establishes that the (current-value) shadow price of the asset (cleared 
forest land) must equal the marginal cost of deforestation at all times. Equation 5.29 
denotes that the depreciation rate of the (current-value) shadow price of land must 
equal the contribution of land accumulation to present and future revenues. Applying 
(5.28) in (5.29):

N l + = r  (5.31)
N, [ d C ,/d D ,]

Equation (5.31) is a portfolio balance condition, showing that the return from land 
accumulation must be equal to alternative financial investments at the rate of interest 
r.

Note that r refers to capital accumulation in a profit maximization exercise, and not a 
consumption-related utility function. Therefore r refers to the opportunity cost the 
settlers face in the allocation of their available resources (not a social discount rate 
reflecting intertemporal consumption allocation). In the case of poor settlers, the only 
available resource is their own labour force, that could be allocated either to work in
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their own plots or, alternatively, to become paid workers at other sites. Therefore, 
their relevant rate is the opportunity cost of labour.

Since deforestation gives title to the land, this is an infinite horizon problem (as far as 
people wish to bequeath property to their children). In that case, and considering that 
the shadow value of land (Nt) is always positive, deforestation (Dt =  dLt/dt) will be a 
decreasing function of time (Dt—>0 as t->oo). This steady state determines the 
intertemporal value for the stock of cleared land (L*). If this value is smaller than the 
finite amount of forest land (L’ < A ), then there would be an economic limit to the

process of deforestation (see Figure 5.9). On the other hand, if A < L *  the process of 
land clearing will not stop until the total area A is privately accumulated through land 
clearing.

Figure 5.9 Optimal path for the deforested area

^ t )

A

L

Since dDt /dt is always negative (so the maximum value of deforestation happens at 
the first period of time), it follows that the shadow value of land decreases with time - 
from (5.28) it can be seen that dN/dt is negative since C”(D t)> 0  (see Figures 5.10).

Figure 5.10 Optimal path for the shadow current value of cleared land

N

N

At the steady state (time t= T ), there is no more depreciation of the shadow value of 
land (dN/dt =  0), so expression (5.31) is reduced to:
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[d P ^  / d L r J  _  fdP -r (5.32)
[ d C r / d D r ]  NT

Since N t (=N* ) is a positive constant, it follows that the lower is the opportunity cost 
r, the higher the amount of clearence (since P”(Lt) < 0 ).

For instance, consider two settlers with different access to capital markets: the 
opportunity cost for the first one ( r j  is lower than the second one (r2). This means 
that, at each instant of time, settler 1 maximizes his income at a lower rate of return 
than settler 2, investing his efforts (i.e., his own labour force) in extending land 
clearing up to a point which is no more interesting to settler 2 (since a lower r 
requires a decrease in dP /d l^, or an increase in dCj/dDT). Therefore, even if they 
have the same P(Lt) C(D^ functions, their optimal paths will be different: since
the opportuniy cost for the first one is lower, optimal land clearing will be more 
extensive for settler 1 than settler 2.

This explains the different behaviour assumed by “early”and “late” settlers in the 
“new”frontier: the former depend much more on “mining” the forest resources 
(mainly through the conversion of open-access to privately-owned land) than the 
latter.

Finally, note that policies that reduce the costs of deforestation, such as road building, 
or increase the profits from land cleared, like subsidies to ranching activities, will 
increase the total area to be deforested: for a given r, higher profits per unit o f cleared 
land or lower deforestation costs imply that the steady state is obtained at a higher 
value for L. For instance, at a hypothetical (but unlike) situation where deforestation 
is costless, there is an automatic adjustment to the steady state equilibrium where the 
profit of adding a marginal unit o f clleared land equals zero.

In order to illustrate these points, the next section presents more specific functional 
forms to the revenue and cost functions.

(iii) The quadratic case

Consider that P(Lt) and D(Ct) are quadractic functions:
P{L,) = a .L ,-b I^  (5.33)

C(D,) = c.Df +dD, (5.34)

where a, b, c, d >  0.

The marginal functions are:
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dLf
- a -  IbLf

d C

dD.
-  = 2cD.  +  d

(5 .35)

(5.36)

The profit maximization behaviour imposes that the marginal profit can not be 
negative. Therefore total cleared land cannot exceed L[ (=  a/2b).

The first order conditions impose that:

dC.

dD,
-  =  2cL, + d  = N, (5 .37)

N  — —a  +  2bLf -\-f. NI (5 .38)

Differentiating (5.37) again in terms of time:

Nf = 2cLf (5 .39)

Replacing (5.37) and (5.39) in (5.38) we get the differential equation:

.. . b d r - a
Lf - r L f  —  Lf =  — —  (5.40)

c 2c

The general solution for this equation is (Chiang, 1992):

L* = A^e ^ '  + 1* (5.41)

where the characteristic roots are:

1
P\^Pi = r ± j / + - (5.42)

and the particular integral is:

* a - d . r
(5 .43)

The general solution of a second-order linear differential equation y” 4- ai.y’ -I- ai.y =  as, where ai, 
as and as are constants, is given by the general solution y(t) = Aie'‘ ‘ 4- Aze"̂ * 4- y*

w h e r e : - 4^2 J and )/ = —  .
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Since b and c are positive, equation (5.42) shows that pi and p2  are real. Therefore, 
the path for Lt is monotonie (if there were complex roots, the path would be cyclical). 
Moreover, one of the roots is positive and the other negative (since the square root 
necessarily exceeds r). A positive value for the characteristic root would lead to an 
explosive path (increasing deforestation rate over time) with no steady state, thus 
compromising the economic interpretation. A way out of this problem is to consider 
the constant Ai equal to 0. In that case, only the negative characteristic root is 
considered, determining that the rate of growth of land clearing decreases with time.

The determination of the optimal time path for the stock of cleared land is determined 
by the boundary situations. At the beginning, no land has been cleared yet (L o = 0 ),

implying that A% is equal to-L*:

Lr\ = L  = 0 Ao = —L  — —
a - d .r

2b
(5.44)

This establishes the optimal L path:

Lf = L  ( 1 - g ^ ^ )  =
a - d .r  

I  lb  )
\ - e

V

(5.45)

If A> L % then there would be an economic limit to the process of deforestation (as 
shown previously in Figure 5.9). If not, all forest area A will be cleared.

Since there is no economic sense in a negative steady state value for L, it is also 
required that:

ru. a - d .r a > d .r (5.46)

Note that the steady state value (L ) is smaller than the limit where the marginal 
profit becomes zero (L[ = a/2b) as far as the interest rate (r) is positive. The higher 
the value assumed by (r), the larger is the difference between these two values.

The economic interpretation of this refers to the possibility of investing resources in 
other activities than forest mining opperates as a “break” in the deforestation process. 
In that model, the interest rate represents the opportunity cost for the settlers, 
affecting directly the steady state: the higher the interest rate, the more attractive other 
financial options become. So there is less incentive to deforest for those with higher 
opportunity costs. On the other hand, those with lower opportunity costs will clear 
more land.

As discussed before, these results indicate why better off farmers stay away from the 
more remote areas in the frontier even though the access to these lands is open to 
them: the profitability of “producing” property rights in these regions is smaller than
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what they would obtain elsewhere. Hence, only worse off farmers, with lower 
opportunity costs, would prevail in the “new” (more remote) frontier.

Two important conclusions can be related to the analysis carried out previously in the 
chapter. First, policy changes that increase land profitability will also increase the 
expected revenues from “producing” land property rights, thus enhacing the 
speculative demand for land (consequently, the deforestation process). Second, 
demand-restrictive policies that depreciate the opportunity cost of labour will also 
result in more deforestation. These relationships were confirmed empirically in the 
Brazilian case by the results from the econometric exercise developed in section 5.5.

The model is completed by deriving the optimal path for the current value shadow 
price, through applying (5.37) in (5.45):

N *  = 2cL *  + d  = + d (5.47)

As expected, the result is a declining curve and the steady state for the current value 
shadow price (N*) set at d (as shown in Figure 5.10).

(iv) Possible extensions of the model

The model developed above has considered only the direct benefits of land clearing, 
since the main objective of this appendix is to carachterize the “speculative” 
behaviour in the frontier where the demand for land can not be explained by the 
conventional analysis. Nevertheless, the analysis can be extended to a situation where 
profitability also depends on other factors. In that case, the benefits from non-land 
inputs should be added in the profit equation, depending on the ammount of their use 
(It), at a cost K(It). The new problem can be re-written as:

M a x
{ D .J .} ,

T
J\P , ( D , J ,  ) - C , ( D , ) ~  K ,  (/, ) \ e - ' - 'd t  (5.48)

The new current value Hamiltonian becomes:

= P ( L „ / , ) - Q ( A ) - A : , ( / , )  + A^,.A (5.49)

This requires another first order condition (in adition to 5.28-30):

dKf
dl  ̂ dif

(5.50)

This is the conventional condition that non-land inputs will be used up to the point 
where their marginal benefit equals their marginal cost. Since the model does not
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impose a restriction on input use, there is no significative change in the interpretation 
of the results/^

However, if the settler has restrictions to obtain funding (as in the “new” frontier), 
the total expenditure in each period is limited by the current capital endowment. In 
that case, a least-cost condition determines the optimal combination of the inputs 
according to their prices. In such a situation, it is possible that policy changes that 
increase (decrease) the net returns from non-land inputs may result in less (more) 
incentives to deforest, as far as intensifying cultivation in already cleared land 
becomes more (less) profitable relatively to converting more forest area. The reason is 
that increasing agricultural prices will affect positively both the returns from 
cultivation and land clearing (since land prices go up). This effect is more likely to 
happen in “low” speculation situations, where the gains from cultivation are 
significant compared to those obtained by forest mining. This problem is the main 
subject of the model developed by Ozorio de Almeida and Campari (1995, appendix 
C).

Finally, note that “non-land inputs” can also refer to soil conservation efforts, a 
practice that is not common in the Brazilian Amazon. This would require the 
comparison of long term returns from soil conservation investment and current 
revenues from increasing the cultivated area. One example referring to deforestation 
in the agricultural frontier refers to the model developed in Southgate and Pearce 
(1988) and Southgate (1990). The settler possesses only one non-land input (labour) to 
allocate either to clear land or to control erosion. However, there is no possibility of 
internalizing returns associated with non-agricultural land uses (such as forest 
management), and the settlers respond immediately to any opportunity to capture 
agricultural rents. The model shows, that under this land tenure system, the optimal 
input allocation requires much more land clearing than in a situation where well 
defined property rights assure the internalization of the benefits o f tree-covered land.

This result is similar to the one obtained by Barrett (1991, 1996) where the addition of an input 
variable not related to the state variable (in his case, soil depth) does not affect the interpretation of 
the model.
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Appendix 5.2

Consider the income equation for the settler (from equations 5.6 to 5.9):

E = (5.51)

Income is maximised at the point where marginal revenue equals marginal costs (the 

primes represent first derivatives relative to deforested areas), i.e.:

Pa-q'a = P « q '.  + Pr-q'r (5-52)

Equation (5.52) can be expressed as:

Pa ~ P r - ^  (5.53)

If there is a government intervention to increase agricultural output prices in time t = l  

relative to time t= 0  (labour and transportation costs remaining constant), this implies:

'at  V a, V ag  ̂ ao

This is only possible if either qai' <  qao' , qwi' >  qwo', or qn' >  qio' . Since

equations 5.10 to 5.13 establish diminishing agricultural returns (qa" <  0) and

increasing production costs (qw >  0 and qr >  0), these results show that the new 

income maximisation point occurs in a situation of increased cultivation in deforested 

areas (li >  lo ) .

In other words, higher agricultural prices mean that land clearing for cultivation

becomes feasible in areas which were not profitable previously.
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An analogous situation can be obtained if government intervention results in 

decreasing production costs through lower wages (p w i <  p w i)  or smaller transportation 

costs ( p n  <  p r i ) .
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Appendix 5.3

Equation (5.14) establishes that the income of late settlers in the old frontier (at time 

t= 0 ) is determined by the expected stream of net revenues from agricultural use of 

this land, discounted to the present:

«3 y ___ ___  ___ ___
= Z  (p .,-9 .,  - - P.,-9,., - P . , - (5.55)

where pcL represents the (given) price of credit and Qcl is the quantity of credit used by 

the late farmers (early settlers do not have access to credit).

Given their expectations about future (given) prices, late settlers aim to maximise 

their income, cultivating land up to the point where marginal revenue equals marginal 

costs (both expressed in present value terms):

P V ;(p „ ,q J  = P V ^(P „ ,q J  + P V ; ( p , ,q J  + P V i( p , ,q J  (5.56)

More productive or well located parcels of land are cleared before less fertile or 

remote parcels. Therefore agriculture in the old frontier has decreasing returns and 

increasing production costs:

P'^'(PaL ‘laL>  ̂ (PrV‘lrL> ^ " ' P^"(Pcl 9cL> ^ " (5.5?)

Policy interventions which increase agricultural prices or reduce farmers' costs 

(reduction of labour, transportation or credit costs) raise the profitability of agriculture 

in the old frontier, therefore encouraging deforestation of land which was previously 

unfeasible.

For example, if the government provides subsidized credit to farmers in the old 

frontier, there is a reduction of the credit cost function:
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(5.58)

Applying inequality (5.58) to the income maximisation equation (5.56):

p .q )-PV^'(p .q )-PV^(p .q ) < PV^ip .q >-P^q(P q ) ' P^q(P q >(5.59)
'"L <-L '-L "L "L  " I  '*'L ''L ''L

Since prices are exogenously determined, the second derivatives in (5.57) imply that 

inequality (5.59) can only be satisfied if there is an expansion of deforested area for 

cultivation ( I n  > I l o ) .

Note that it is not necessary that agricultural credit actually increases to achieve the 

same result: if there is an widespread expectation that credit costs will be lowered, 

than the present value of (expected) future credit costs will be reduced. This point is 

particularly important in the explanation of forest clearing in areas where land price 

speculation was widespread because of the expectation of road building, an issue 

frequently addressed in the literature (for example, see Mahar and Schneider, 1994; 

Ozorio de Almeida and Campari, 1994).

Land prices in the old frontier are an indication to early settlers of how much they can 

profit if they are successful in their claims for property rights over the land they are 

occupying. This possibility of capital gains for acquiring' land in the new frontier 

through occupation represents an addition of revenues in the early settlers income 

equation. Equation (5.16) determines this expected capital gain as a fraction a  of the 

price of an equivalent plot o f land in the old frontier:

E e = p .  q , ,  - - p,. q, , + «  Pu-q,, (5.60)

The income maximisation point is determined by:"^

The partial derivative of the quantity of land relative to itself equals one.
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+ aPu  = (5.61)

Since the price of land in the old frontier is determined by the expected return of 

agricultural production (equation 5.55), any change in the profitability of the late 

settlers' activities will affect the demand for land in the new frontier. In the previous 

example of subsidised credit (which only late settlers have access to), the higher 

profitability of production increases the price of land in the old frontier and, 

consequently, the expectation of capital gains through occupying land in the new 

frontier. This represents a shift of the income maximising point:

Pu, >  P̂ u. = >  ^ P'-‘i ' J  <  ( P^ ‘1 ' . . -  P^-^'...; P ^ ' J  (5.62)

As already discussed in appendix 5.2, the inequality (5.62) is only satisfied if there is 

an increase in the amount of land cleared in the new frontier (1 e i >  Ieo ) - income 

maximisation shifts to a point where marginal returns of agricultural production are 

lower and marginal costs are higher than in a situation where there are no capital 

gains from 'producing' land property rights.

If there is a retract in the government policy of allowing the sale of land distributed to 

early settlers, there will be a reduction in the speculative motive for clearing land. 

This would be equivalent to a reduction of the land speculation factor (a):

a , < a o  = >  ( P a - q \ , - P . ‘l \ . - P r q \ . )  > ( P a - q \ , ; P . 4 „ , ; P r - q ' J  (5.63)

In that case, there will be a reduction in the demand for land in the new frontier since 

the income maximisation point shifts to a situation of higher marginal agricultural 

returns and lower marginal costs (1 e i  <  Ie o ) .
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6 ADJUSTMENT POLICIES AND MINERAL DEPLETION IN BRAZIL

6.1 Introduction

One of the cornerstones of reform policies is the incentive provided to export sectors, 

which are expected to grow relative to domestic-based industries (see chapter 2). In the 

short run, adjusting countries have more comparative advantages in natural resource based 

activities. Therefore, it is frequently argued that adjustment programmes stimulate the 

overexploitation of these assets, producing depletion and degradation.

The mining sector is particularly sensitive to this pressure. There are many ways in which 

indebted governments may encourage mineral exports. In most developing countries, a 

considerable part of the mining industry is owned and operated by the public sector. Hence, 

their actions are directly controlled by the government, and often the macroeconomic 

objective of improving the trade balance at any cost prevails over the microeconomic 

interests of the industry. Private sector companies can be affected by direct intervention 

through the policy of concessions, the establishment of quotas and other regulations. Fiscal 

and credit policies are another way to promote exports, through subsidies and other 

incentives. Finally, the devaluation of the exchange rate is a crucial fector, since it increases 

the profitability of mineral exports in domestic terms.

The need for foreign exchange keeps the pressure on non-renewable resource depletion even 

if international prices for such commodities are falling or extraction costs are raising. This 

is a reproduction at the macroeconomic level of the poverty-environment linkage: the 

pressure to alleviate the external crisis shortens the time horizon of developing countries 

policy-makers, and the adoption of pro-export policies results in the selling of the existing 

endowment of natural resources even in financially adverse conditions.

This phenomon is empirically demonstrated in Latin America by Sen (1993). The study 

refers to four highly indebted countries for whom the exports of minerals and metals are 

relevant for the trade balance: Brazil, Mexico, Argentina, Colombia. The main hypothesis
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is that a country's export supply of metals and minerals is determined by the export price 

and its debt service obligation. For each country and product, the study regresses the 

quantity of exports on the price received abroad and debt service payment. The period 

covered is 1972-87, and the analysis includes the exports of both raw and processed 

products. The products selected are (the respective SITC classification in parentheses):

Brazil: 281: iron ore, concentrates

283: non-ferrous base metal ore concentrate

671: pig iron, etc

672: iron and steel, primary forms

673: iron and steel shapes

Mexico: 283: non-ferrous base metal ore concentrate

274: sulphur, etc.

276: other crude minerals 

678: iron, steel, tubes, pipes, etc.

Argentina: 673, 678: iron and steel shapes, tubes, pipes, etc

674: iron steel universal plate sheet

Colombia: 661: lime, cement, building products

The regressions' results are presented in table 6.1.
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Ikble 6.1 Regression results for exports of metals and minerals on price and debt 
service (t-values in parentheses)

SITC Constant Price Debt Service R: Number
observ.

DW

Brazil

281 35163 1564.4 0.25588 0.68 16 1.86
(2.463)" (1.188) (1.499)

283 1738700 -20190000 39.362 0.86 16 1.54
(2.138) (-1.702) (6.189)"

671 1451700 -641300 23.913 0.69 16 1.95
(3.154)" (-2762)** (5.368)"

672 1128100 -900700 23.387 0.35 16 1.84
(1.014) (-1.2) (2.668)**

673 589660 -2736000 15.829 0.65 16 1.28
(1.558) (-1.989) (4.830)“

Colombia

661 104930 7221900 36.349 0.79 17 1.73
(0.831) (2.26)* (7.216)**

Mexico

274 1015100 -50410000 8.3279 0.40 18 1.31
(6.284)" (-1.534) (3.096)**

276 6272000 -115620000 19.47 0.68 18 2.35
(15.515)" (-5.709)** (3.41)"

283 413860 -868580 6.4708 0.62 18 1.15
(5.135)" (-2.295)* (4.869)**

678 132370 -269530 1.8327 0.53 18 1.23
(2.852)" (2.627)* (3.99)**

Argentina

673 264610 -485960 3.7167 0.45 16 1.35
(3.935)* (-2332)* (2.223)*

674 139450 -348430 4.9860 0.65 16 1.11
(2.842)* (-2.470)* (1.126)

678 -25740 50214 5.4405 0.90 16 1.97
(-1.49) (1.786) (10.433)**

is 5% level of significance; 
Source: Sen (1993)

is 1 % level

The results obtained by Sen (1993) show that debt service is statistically significant at 1% 

or 5 % levels in all but two groups, and international prices have negative signals in all of 

the statistically significant cases. The study concludes that Latin American exports supply 

responded to the pressure of indebtness in spite of adverse export price changes, a 

particularly important implication because it lends support to the hypothesis that exports 

are used to make macroeconomic adjustments. This pressure, via regulation and economic
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incentives (especially currency depreciation), may have kept the export supplies of metals 

and minerals from these countries buoyant, depressing world metal prices.

The Brazilian case fits well in the picture described above. As discussed in chapter 4, the 

first reaction to the external crisis was to adjust with growth. The II National Development 

Plan (II PND) was an ambitious strategy to increase exports and reduce imports. The use 

of natural resources played a crucial role in the programme: hydroelectricity and domestic 

production of oil and gas were largely encouraged in order to reduce the dependence on 

imported petroleum, while the growth of mineral extraction was the basis for the expansion 

of the export-oriented metals industry. The effort involved was considerable - for example, 

the share of investment in petroleum prospection and production in the total investment 

more than doubled between 1974 and 1979 (Batista, 1986).

The second stage of adjustment started with the debt crisis, in 1982. This crisis hit most of 

the Brazilian industry, but the growth of the mining sector was kept well above the total 

industry: after 1977 the mining industry had a better performance than the total industry, 

but the gap between them increases considerably during the 1980s (see figure 6.1). This 

was a consequence of the pro-export incentives, the retraction of the domestic-oriented 

sectors and the fact that most of the investments taken during the II PND only became 

fully effective after a time lag.
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Figure 6.1 Mining and total industry output indicators for Brazil - IBGE, 
1970/93
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Nevertheless, the expansion of mineral and metal exports was based on increasing 

extraction costs and decreasing output prices. The expansion of the iron ore extraction, 

operated by the state-owned Companhia Vale do Rio Doce (CVRD), is an example of the 

contradictions of this export strategy. At the time the investment in the Carajas mine (the 

laigest mining complex in Brazil) were decided, the situation at the international market 

was of overcapacity and lowering prices for iron ore and raw steel (Sa and Marques, 1985). 

Brazil was already the largest exporter in the world, and the expected result of an increase 

of its exports would be further decreases in the international prices. However the project 

received a loan from the World Bank, one among other projects in a structural adjustment 

package intended to promote exports in competitive sectors and prevent a rupture with the 

world capital markets. The low return on the investment would be overshadowed by high 

gains in foreign exchange: Sa and Marques (1985) forecast that until 1994 the net positive 

foreign exchange gain would be at least five times greater than the amount of cruzeiros 

invested in the project.

Indeed, the Carajas project proved to be crucial for the expansion of iron ore exports. The 

share of Brazilian exports in the world market increased from 24.6% in 1986 to 26.8% in 

1989 (Silva Neto, 1993). The expected fell in the international price also happened: Silva
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Neto (1993) estimates that the 11% increase in CVRD's iron exports may have depressed 

the international reference price by up to 6.5%. This depression would be even higher 

without some mitigating fectors: CVRD management decided to swap iron ore exports 

from southern reserves (which were approaching exhaustion) to the Carajas project, 

reducing the project's impact on the international market, and the world economy recovery 

in the late 1980s increased demand and prices for iron ore.

The point behind this apparently successful export-oriented experience is that the depletion 

costs were not fully considered. By expanding the volume of exports at a time the market 

was already depressed, Brazil accepted the reduction of the marginal rent in the extraction. 

However, at least part of this rent should represent the scarcity of the resource, i.e. the loss 

of future gains because the resource has been consumed in the present. By ignoring this 

loss, and considering all the difference between current revenues and costs as profits, this 

procedure did not respect the principles of the income concept.

The recent literature on resource and environmental accounting focuses on this problem. In 

order to take a more careful look at the depletion costs involved in the mining activities in 

Brazil, this chapter presents a resource accounting exercise for the 1970/88 period. Section

6.2 presents the definition of income used currently in the SNA and its inadequacy when 

treating non-produced assets. Section 6.3 describes the proposal for a new accounting 

framework. Section 6.4 discusses alternative methods of valuing the asset losses consequent 

on the depletion of natural resources. In Section 6.5, the depletion cost estimates for 

mineral extraction in Brazil are analyzed. Finally, Section 6.6 examines the principles 

underlying depletion cost measurement.

6.2 The inadequacy of the conventional measure of income

In recent years, the traditional approach to economic growth has come under increasing 

scrutiny with the growth of concern about environmental sustainability. Unfortunately, the 

empirical measurement of sustainability has not matched the evolution of its theory.
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Finding a working definition of 'green income' is an important first step towards 

integrating the environment into the National Accounts.

The problem extends into the heart of the accounting system, since the depletion and 

degradation of natural resources are rarely valued at market prices. Moreover, the 

degradation and depletion of natural resources are treated as pure sources of economic 

gain, no attribution being made for the loss of natural assets. The problem confronting the 

environmental national accountant is thus, to find a means of including, in traditional 

accounts, the value of increases or decreases in the stock of natural resources representing 

changes in the set of society's assets, present and future. This problem concerns the future 

availability of resources and how that is reflected in aggregate indicators of macroeconomic 

performance, i.e. the System of National Accounts (SNA).

Any procedure to estimate the impact of resource use at a macroeconomic level should 

derive from a theoretically justified concept of income. As a consequence, new ways to 

calculate income and its aggregated values should emerge as natural resource valuation 

techniques are introduced.'*^ The literature presents several measures of environmentally 

adjusted income/product: environmentally adjusted product (Bartelmus et al. 1993a,b), 

modified GNP (Peskin 1989), 'net' national product (Repetto et al. 1989), etc. In this 

paper the term 'green income' is used in the same sense, i.e., an alternative measure for 

the conventional SNA aggregate which incorporates the depletion of natural resources, 

observing the identity between income and product.

6.3 The concept of income in the SNA

Value Added is the synthesis variable of the National Accounts and the three approaches to 

it - Output, Income and Expenditure - form the key elements of the accounting framework. 

In the Output method, value added is equated to the total value of output minus any 

intermediate consumption required by that production. In the Income approach, value

See the literature reviews in Ahmad et al. (1989), Peskin and Lutz (1990), Lutz (1993), Hamilton et 
al. (1994).

207



46

47

added is equal to the total remuneration accruing to production factors, while the 

Expenditure approach shows value added as the uses of final goods and services for 

consumption, investment or exports."^ The concepts of Income, Output and Expenditure 

represent different ways of looking at the production process but their values are identical, 

by definition/^

Another important principle of accounting is the difference between Income and Receipts. 

Income indicates a variation in wealth (accumulation of assets) while receipt (and, 

symmetrically, expenditure) represents the exchange or transfer of assets. Boulding (1949, 

p.77-78) insists that:

"...there is no change in the total of assets as an immediate result of receipt 

or expenditure, for it is a fundamental accounting convention that in 

exchange equal values are exchanged. A receipt or an expenditure merely 

represents a change in the form of assets - from non-liquid to liquid in the 

case of receipt, from liquid to non-liquid in the case of expenditure. 

...Money income is the money value of the gross growth in assets. Real 

income is the gross growth in assets in physical terms. "

It is this difference that underpins the discussion of the method used to calculate the 

income derived from the exploitation of natural resources. The clearest example refers to 

the extraction of mineral resources: the estimate of value added for this activity is obtained 

as the difference between the gross value of output and intermediate consumption. The 

latter constitutes expenditure on inputs and industrial operations and other present expendi

tures but excludes payments to production fectors (labour and capital, broadly defined). 

However, mineral extraction and sale does not imply an increase in the total asset stock. 

The monetary value of the decrease in the stock of mineral assets must be subtracted from 

the receipts obtained by the possessor. It cannot be part of income, as defined above.

For concepts and methodology o f national accounting see United Nations (1993a).

Income is defined in the SNA as an indicator of levels of activity and not of welfare, as stressed by 
those who criticize the use of GDP, or GDP per capita, as an indicator of social development.
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Should extractors consume all of their net receipts by the end of the accounting period, 

their total stock of assets would have fellen. By definition, therefore, their expenditures 

would have exceeded their incomes. This implies that the conventional accounting 

procedure can only be considered sound if resources are infinite.

Environmental and Natural Resources Accounting studies have increasingly called attention 

to this flaw. The principal focus of the argument is the fallacy engendered by the existing 

SNA, i.e. that the higher the continuous exhaustion of natural resources the higher the 

growth of output. That is, they show no concern with the sustainability of extraction. As 

pointed out by Repetto et al. (1989, p.2):

"... a country could exhaust its mineral resources, cut down its forests, 

erode its soils, pollute its aquifers, and hunt its wildlife and fisheries to 

extinction, but measured income would not be affected as these assets 

disappeared. "

An amendment of the SNA is therefore required, to account for the economic losses of 

natural resources due to production and to avoid the confusion of income with receipts.

6.4 A new accounting framework

While there is consensus on the need for changing the SNA, various controversies emerge 

when concrete proposals of how to do it are presented.

The first controversy results from different points of view on what an environmentally 

adjusted accounting system should be. There is a wide variation, ranging from small 

adaptations in the current system to more ambitious proposals of overall changes in the 

SNA.

The new SNA version (United Nations 1993a) fevours the adoption of satellite accounts 

designed to incorporate environmental issues without changing the core of conventional
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GDP measurement. The inclusion of natural resources inside the asset boundary and the 

establishment of an inventory procedure which records changes in the value of assets not 

caused by production decisions settle the base for a satellite framework integrating 

environmental and economic accoimts (Bureau of Economic Affeirs, 1994a). This 

framework is named System of Integrated Environmental and Economic Accounts - SEEA 

(United Nations, 1993b).

The SEEA extends the original SNA through the presentation of separate accoimts for the 

use of resources, combining physical and monetary data. Resource degradation or depletion 

is related to its use by economic activities, and stock changes are computed in balance 

sheets. The costs of resource depletion and degradation resulting from economic activity 

are deducted from the conventional net national product (NNP), defining a new concept of 

'eco-domestic product' (EDP). Changes in the balance sheets which were not caused by 

economic activities are kept in special conciliation accounts, in a way that the total wealth 

of the economy is affected but not the NNP.

Two pilot studies based on the SEEA have been already completed, one for Mexico 

(Tongeren, et al. 1993) and other for I^pua New Guinea (Bartelmus et al., 1993b). It is 

likely that future empirical work will follow more closely the framework stated in these 

pioneering studies.'^

6.5 Measuring depletion costs

The SEEA is the most important guideline for the definition of an alternative accounting 

framework. However it does not solve another fundamental controversy, which is the 

valuation techniques necessary to estimate natural resource degradation and depletion. 

Monetary values are essential to establish a link between physical and economic units. 

Nevertheless market prices for natural resources (or externalities associated with them)

A good example is the Integrated Economic and Environmental Satellite Accounts (lEESA) developed 
for the USA (Bureau of Economic Affairs, 1994a,b).
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often do not exist. The imputation of such values is tlie main problem in the estimation of 

degradation costs in phenomena such as air and water pollution.

The existence of market prices does not solve entirely the problem of estimating depletion 

costs of non-renewable resources, including mineral resources. Economic theory says that 

an asset price should be equal to the present value of the net revenues one can expect to 

receive from the most efficient use of the resource .

where Vt is the present value of the asset at (initial) time t, nt is the expected period of 

extraction at time t, d is the discount rate, Px is the expected unit rent (defined as the 

difference between revenues and costs per unit of resource) at (future) time i ,  and % is the 

expected amount of resource to be extracted at time x.

Most theoretical work has concentrated efforts on reconciling the resource accoimting 

problem with optimal control modelling (Hartwick and Hageman, 1993). Future values for 

the expected variables described above are determined in a way that welfare, measured as 

discounted social consumption, is maximized. However the usual assumption of perfect 

foresight of the future in an ideal market where a Hotelling-like rule is fully observed, and 

the requirement of estimates of maiginal product and costs, undermine the application of 

this theoretical contribution in most real world situations.

It is important to note that the Hotelling rule is a maximum-efficiency condition, but not a forecasting 
procedure. The confusion between maximum-efficiency and forecasting appears in the argument that 
economic analysis is possible only if agents are optimizing according to the Hotelling rule (Hartwick 
and Hageman, 1993, p.222), The essential assumption for resource accounting (and economic theory) 
is that every agent individually intends to maximize their income given their own expectations. The 
absence of a reconciliation mechanism (such as the 'social planner') turns the compatibility of all 
individual plans a matter of chance. Therefore a rational agent does not price his resource at a 
hypothetical value which would maximize social welfare if all the other agents did the same. The 
stock owners simply value the price according to their own expectations of income maximization, and 
experience has shown that the Hotelling rule may not be the wisest way of predicting the future (see, 
for example, Slade, 1982).
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Empirical studies have to deal with the uncertainty of future resource prices and costs, an 

infrequent problem in theoretical models. Two principal methods have been proposed to 

value mineral depletion in order to determine 'green' income: the net price method’ and 

the user cost method. ' Both treat natural resource depletion as a loss of assets and both 

originally attempted to develop a new definition of income compatible with the 'true 

income' criterion of Hicks (1946, p. 176):

"... a person's income is what he can consume during the week and still 

expect to be as well off at the end of the week as he was at the 

beginning.

Where the two models differ is in their treatment of expectations about future economic 

rents (per unit of output). The net price approach assumes an optimal extraction path, with 

unit rents rising by the Hotelling efficiency rule. In contrast, the user cost method assumes 

that future unit rents will be equal to current values. The following sections present a brief 

description of each approach.

6.5.1 Net Price Approach

This method computes the net price of a resource as the physical variation in the resource 

stock, over the accounting period, multiplied by the market price of the output, net of 

production costs and adjusted for price changes. Ideally, this net price would be the 

Hotelling rent accruing to the owner of the resource. In that case, the expected rate of 

growth of the unit rent would be equal to the discount rate. The final result would be 

equivalent to a zero discount rate if unit rents were expected to be constant.^‘

The practical application of this criterion to aggregate estimates is criticized in several papers (see, for 
example, Reich, 1991 and Young, 1992). Hicks himself acknowledged the difficulty: "by considering 
the approximations to this criterion, we have come to see how very complex it is, how unattractive it 
looks when subjected to detailed analysis. We may allow a doubt to escape us whether it does, in the 
last resort, stand up to analysis at all, whether we have not been chasing a will-o'the-wisp" (Hicks 
1946, p. 176).

See Landefeld and Hines (1985) and Hamilton (1992).
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Vf = Z  -----------  [ n  + d) ^ . p f ] . q^  = S f P t  (6.2)

r = 0 ( l  + d ) ^

where St is the initial stock of the resource (in physical units), which is expected bo be 

completely depleted at the end of the last period.

The depletion cost is estimated by the difference in the value of the stock between two 

periods, estimated according to equation 6.2.

DEPt = - ^ V t  = S t - l P t - r S f P t  (6.3)

The empirical studies using this approach utilise physical estimates of stock and extraction 

which are then monetised. Net variations of the stock value are computed as: annual 

additions to deposits (discoveries, net revisions, growth or reproductions) minus deductions 

(depletion, degradation or deforestation) with a correction for resource price changes 

during the year.

The World Resources Institute has applied this methodology to country case studies, 

including Indonesia (Repetto et al., 1989), Costa Rica (Solorzano et at., 1991) and the 

Philippines (Cruz and Repetto, 1992). However, the WRI methodology has been subject to 

many criticisms.

Firstly, the appropriateness of empirical applications of the Hotelling rule remains a further 

source of contention:

"Unfortunately the assumptions required for the Hotelling theory, constant 

extraction costs for a homogeneous resource of known extent, do not apply 

in the real world -even moderately more realistic assumptions as employed 

by Levhari and Liviatan (1977) lead to optimal extraction programmes in
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which rents must increase at some rate less than the discount rate" 

(Hamilton 1992, p.9).

Furthermore, in this method the Hotelling rule is not properly applied since it is net price, 

price minus average costs, and not the true rent, price minus marginal costs, which is 

considered. The use of the average net price as a proxy would thus only give strictly valid 

estimates of net domestic product if there were constant returns to scale in extraction.

Since significant réévaluations and discoveries are common in the mining sector, the change 

in the value of the stocks can easily exceed depletion levels in positive or negative terms. 

Therefore, the new measure of NNP according to the WRI methodology ('N et’ National 

Product) is susceptible to huge oscillations — less than or exceeding the conventional NNP 

- which cannot be related to extraction.

This problem can be solved if discoveries are treated only as reconciliation items, linking 

the value of stocks between accounting periods, therefore showing up neither as current 

income nor product. This correction fiDllows the SEEA procedure, and has been introduced 

in more recent studies, such as the case study for Papua New Guinea (Bartelmus et a l , 

1993).

In that case the net price approach can be seen as a particular case of the user cost 

approach (discussed below) when the discount rate is zero or depletion implies immediate 

exhaustion of the resource. This point will be explored in the following section.

6.5.2 User Cost Method

According to El Serafy (1989), depletion of natural resources cannot be conceptually 

regarded as depreciation since it does not involve use of fixed (produced) capital. Receipts 

obtained from the extraction of non-renewable resources derive from the sale of assets, a 

disinvestment, which cannot be regarded as value added (gross or net) - instead of saying 

that there was a current production' of gold, it should be stated that there was an
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extraction. Actually, what should be deducted from GDP is the user cost, which is not 

explicit in mineral production, but which represents the sacrifice imposed upon future 

generations when the resource is exhausted. According to Keynes (1973, p.69-70):

"User cost constitutes one of the links between the present and the future...

It is the expected sacrifice of future benefit involved in present use which 

determines the amount of this sacrifice which, together with the maiginal 

fector cost and the expectation of the marginal proceeds, determines his 

scale of production. "

Following the net price approach, on the other hand, if extraction is costless and if all of 

the rent is considered as capital consumption, then the value added of an economy based 

solely on exhaustible resources would be zero. In this extreme example, rent is equivalent 

to gross income.

El Serafy (1989) considers that the Keynesian concept of user cost can be merged with 

Hicks's (1946) definition of true income, that is, the amount of present consumption that 

will not leave one worse off in the f u t u r e . I n  this case:

"The finite series of earnings from sale of the resource ... has to be 

converted to an infinite series of true income such that the capitalized value 

of the two series be equal. From the annual earnings from sale, an income 

portion has to be identified capable of being spent on consumption, the 

remainder, a capital element, should be set aside year after year to be 

invested in order to create a perpetual stream of income that would sustain

No reference to the expression 'user cost' was made by El Serafy in his 1981 paper, which refers only 
to the Hicksian true income concept. The term 'user cost' and the reference to Keynes (1973) were 
made a posteriori, in the paper published in 1989. In a previous work (Young, 1992) it is argued that 
there is a theoretical incompatibility between these concepts, because the Hicksian definition of 
income is an individual welfare measure, while Keynesian user cost is a measure of effective demand, 
with no reference to welfare status. It is our view that, despite looking for the Hicksian true income, 
El Serafy produced a valid method to estimate the Keynesian user cost.
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the same level of 'true' income, both during the life of the resource as well 

as after the resource has been exhausted." (El Serafy, 1989, p. 13)

The portion of net receipts set aside as a capital allowance is, in fact, the user cost and 

should not be included in GDP. Rather than attempting to hold constant the value of the 

natural resource, which would be geologically and biologically impossible, 'green' income 

requires investments in physical capital with the capacity to generate future income flows 

(not receipts) equivalent to those generated by the natural resource until exhaustion.

In formal terms, El Serafy's proposal is equivalent to assuming that unit rents and 

extraction levels are not expected to vary in equation (6.1):

n t - i  I
V t  = P f - q f  S  ------------ (6.4)

T = 0O  + d ) ^

The depletion cost is given by the discounted value of the expected loss of (net) revenue 

when the resource becomes exhausted (i.e., after m periods of time):^^

D E Pf  =  - ^ V f  = P t ^ t ' --------------  (6.21)
( l  + d ) n t

Note that the user cost method is very sensitive to both the discount rate (d) and the 

depletion period (n). High values of either variable result in low estimates of user cost. 

The methodology thus reflects the real scarcity of the resource, since deductions from 

conventional production values are significant only if the actual rate of extraction implies 

the imminent exhaustion of the resource. The net price approach, on the other hand, 

requires that all of the surplus obtained from an exhaustible resource is deducted from 

income, irrespective of the availability of that resource.

Young and Serôa da Motta (1994) use an alternative expression, based on the opportunity cost of 
capital rather than the intertemporal discount rate.
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In feet, the net price approach can be considered as a special case of the user cost approach 

if either the depletion period or the discount rate are considered zero.^ The first case 

(n=0) means that extraction represents immediate exhaustion of the resource. The second 

case (d=0) is consistent with the 'intergenerational equity' argument (Price 1993). In both 

cases changes caused by réévaluation or discoveries cannot be incorporated in the user cost, 

which becomes identical to the total rent. Therefore, the green' income is defined 

exclusively by the cost of production fectors (labour and capital) involved in the extraction. 

This leads to the paradoxical situation where the 'green' income (per unit of mineral) 

increases only if extraction becomes more costly. In practical terms, the exclusion of all 

rents received in the mining activity removes any advantage of countries with mineral 

deposits over those who do not have that benefit (an ' income edge', according to El Serafy, 

1989, p. 13).

The advantages of being more general do not eliminate the uncertainty problem in the User 

Cost Approach. The extreme simplicity of its treatment of rent expectations is clearly 

unrealistic. Indeed, the major criticism of the approach is the absence of a clear statement 

as to why expected user cost should be constant when prices and extraction costs may vary 

over time.^^

Note also that both methods assume perfect substitutability between natural and produced assets, from 
an accounting perspective.

Another criticism, from a more neoclassical point of view, is that the extraction path assumed in the 
user cost approach is sub-optimal with respect to the Hotelling efficiency condition. The latter point of 
view assumes the existence of an optimal extraction path that can be derived from the present until the 
end of the planning period, i.e. the future can be perfectly foreseen. In reality, uncertainty about the 
future can lead to the rational selection of alternative extraction paths. It must be remembered that the 
Hotelling condition is merely one of portfolio efficiency; it is not a forecasting system.
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6.6 Estimates of ’green' income from mineral extraction in Brazil: 1970 - 1988

6.6.1 Introduction

This section addresses the estimation process and results of attempts to measure the 'green' 

income generated through mineral extraction in Brazil. To facilitate comparison between 

the two methods presented in the previous section, both the net price technique, 

summarized by equation (6.3), and the user cost approach, outlined by equation (6.5) are 

used.

In order to make direct comparison between the two approaches feasible, the estimation 

procedures and the tables of results are presented as follows: time to exhaustion (depletion 

period), depletion factors, value added for the extraction of selected minerals and the 

green' income calculated according to both methods.

The information required to assemble the data set was obtained from the Annual Industrial 

Censuses and Researches (PIAs) of the Brazilian Institute of Geography and Statistics 

(IBGE) and from the Mineral Year Book published by the National Department of Mineral 

Production (DNPM). For the petroleum analysis, data was provided by the annual surveys 

of the National Oil Council (CNP). Proxies measures used when data were lacking are 

described with the estimation procedures.

6.6.2 Estimation of the Depletion Period

The depletion period (m) reflects the period of time at the end of which reserves would be 

exhausted at the current rate of extraction. It is computed by simply dividing the mineral 

Basic Reserve (the sum of the Measured and Indicated Reserves of the DNPM) ty  the 

volume of the mineral extracted that year.^^

The reserves are evaluated using the first working day of the year as the basis.

218



When data on the base year reserves of a mineral were not available, the Basic Reserve was 

approximated by adding to the reserve reported in a later year the amount extracted in the 

intervening period. This procedure presumes that stock variations occur only as a 

consequence of extraction, not considering discoveries or revaluations. Where the only data 

available were those for final output of refined metal, the amount of ore initially extracted 

was computed by using the average mineral content of the ore as observed in previous 

years.

The depletion period was estimated for 23 different minerals, representing 80% and 90% 

of the total output value of the mineral sector for the years 1970 and 1980, respectively. At 

current rates of extraction, many of the minerals exhibit periods of exhaustion of hundreds 

or thousands of years, suggesting ease in attaining sustainability. Among these are; slate, 

sand, bauxite, calcarious rock, coal, white clay and marble.

Nevertheless, there is a set of minerals for which the estimated depletion period is under 

one hundred years. In some cases, this simply reflects the under-estimation of the extent of 

reserves. This is true of most non-metallic minerals of relatively low unit value (feldspar, 

granite, agalmatolite, calcareous shells and talc) for which registered mines occupy an area 

fer smaller than that in which these minerals exist. On the other hand, low depletion 

periods also characterise certain metallic minerals and fuels (iron, tin, lead, chromium, 

manganese, tungsten, gold and petroleum) that have high unit values. This set of minerals 

forms the primary focus with regard to sustainability, consequently they are considered in 

the following estimation procedure. Tkble 6.2 presents the depletion period estimates for 

these minerals.
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lüble 6.2 Exhaustion periods, 1970/88

Year Iron Tin Gold Lead Chrximium Manganese Tlingsten Petroleum

70 231 13 14 5 46 36 7 14

71 223 20 15 4 14 34 4 13

72 518 16 14 3 7 43 3 13

73 674 15 232 4 11 46 2 12

74 135 11 9 5 11 42 3 12

75 166 9 31 62 10 42 3 12

76 136 10 30 68 12 40 6 14

77 151 10 116 73 17 44 4 18

78 177 9 533 56 8 40 5 19

79 130 10 348 59 9 45 6 20

80 113 12 295 67 17 40 7 20

81 135 10 208 65 11 48 12 19

82 146 20 244 64 15 43 6 18

83 148 15 168 53 25 49 8 15

84 123 12 171 53 15 42 7 12

85 105 9 66 63 16 41 5 11

86 99 9 67 76 20 52 7 11

87 98 18 50 108 15 59 10 12

88 91 11 28 69 27 90 12 13

6.6.3 Estimation of the Depletion Factors

The depletion factors (DR) represent the portion of the surplus that may be regarded as 

'green' income according to the user cost approach. They are calculated from the values 

obtained for the depletion period and for the discount rate, through equation 6.6.

DF t -  1 -
(1 + d ) ^ t

(6.6)
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The estimates of the depletion periods employed were those obtained in the previous 

section. A sensitivity analysis was performed using three alternative discount rates: 0%, 

5% and 10% per annum. This wide range reflects the difficulties of defining a proper 

social discount rate (see Markandya and PCarce, 1988). It is important to note that only in 

particular circumstances does the social discount rate equal the opportunity cost of capital. 

In the Brazilian case, it was considered that the high estimates for the latter (between 12% 

and 20% p.a., according to different surveys) would be an overestimate even for the upper 

value. The lower value (0%) was chosen to estimate the cost of depletion according to the 

re-defined net price approach (i.e., not considering réévaluations and discoveries as 

changes in income). As discussed above, this hypothesis is compatible with the argument 

that no rate of discount should be applied to natural resources, in order to reflect environ

mental concerns and inter-generational equity issues. An intermediate value (5%) was 

chosen as the base case.

Tables 6.3 and 6.4 show the results obtained for the set of chosen minerals. The lowest 

depletion fectors are for petroleum, tungsten, chromium, tin and gold, implying that only a 

small portion of the rent obtained in their extraction can be regarded as 'green' income. On 

the other hand, almost all of the rent obtained from the extraction of iron can be considered 

'green' income. Note that the depletion fector for those minerals not included in the 

sample is always roughly equal to one, due to their long depletion periods.

With a discount rate equal to 5%, any depletion period equal or superior to 100 implies a depletion 
factor greater than 99.0%.
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Ikble 6.3 Depletion factors: r=5%

Year Iron Tin Gold Lead Chromium Manganese Tungsten Petroleum

70 1.0000 0.4697 0.4949 0.2165 0.8940 0.8273 0.2893 0.4949

71 1.0000 0.6231 0.5190 0.1773 0.4949 0.8096 0.1773 0.4697

72 1.0000 0.5419 0.4949 0.1362 0.2893 0.8773 0.1362 0.4697

73 1.0000 0.5190 1.0000 0.1773 0.4153 0.8940 0.0930 0.4432

74 0.9986 0.4153 0.3554 0.2165 0.4153 0.8712 0.1362 0.4432

75 0.9997 0.3554 0.7796 0.9514 0.3861 0.8712 0.1362 0.4432

76 0.9987 0.3861 0.7686 0.9638 0.4432 0.8580 0.2538 0.4949

77 0.9994 0.3861 0.9965 0.9716 0.5637 0.8831 0.1773 0.5845

78 0.9998 0.3554 1.0000 0.9349 0.3232 0.8580 0.2165 0.6043

79 0.9982 0.3861 1.0000 0.9438 0.3554 0.8887 0.2538 0.6231

80 0.9960 0.4432 1.0000 0.9620 0.5637 0.8580 0.2893 0.6231

81 0.9986 0.3861 1.0000 0.9581 0.4153 0.9039 0.4432 0.6043

82 0.9992 0.6231 1.0000 0.9560 0.5190 0.8773 0.2538 0.5845

83 0.9993 0.5190 0.9997 0.9247 0.7047 0.9084 0.3232 0.5190

84 0.9975 0.4432 0.9998 0.9247 0.5190 0.8712 0.2893 0.4432

85 0.9940 0.3554 0.9601 0.9538 0.5419 0.8647 0.2165 0.4153

86 0.9920 0.3554 0.9620 0.9755 0.6231 0.9209 0.2893 0.4153

87 0.9916 0.5845 0.9128 0.9949 0.5190 0.9438 0.3861 0.4432

88 0.9882 0.4153 0.7449 0.9655 0.7322 0.9876 0.4432 0.4697

6.6.4 Rent Estimates for the Extraction of Selected Minerals

Data on output in the mineral sector in Brazil, for the period 1970-88, were obtained ftom 

industrial census data (IBGE). For years in which census data were not available, synthetic 

estimates were derived from indices of aggregate value (based on data from the Aimual 

Industrial Research (PIA) by IBGE), or from indices of physical production (Monthly 

Industrial Research (PIM) by IBGE or annual surveys of DNPM and CNP).
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Table 6.4 Depletion factors: r=10%

Year Iron Tin Gold Lead Chmmium Manganese Tungsten Petroleum

70 1.0000 0.7103 0.7367 0.3791 0.9875 0.9677 0.4868 0.7367

71 1.0000 0.8514 0.7606 0.3170 0.7367 0.9609 0.3170 0.7103

72 1.0000 0.7824 0.7367 0.2487 0.4868 0.9834 0.2487 0.7103

73 1.0000 0.7606 1.0000 0.3170 0.6495 0.9875 0.1736 0.6814

74 1.0000 0.6495 0.5759 0.3791 0.6495 0.9817 0.2487 0.6814

75 1.0000 0.5759 0.9479 0.9973 0.6145 0.9817 0.2487 0.6814

76 1.0000 0.6145 0.9427 0.9985 0.6814 0.9779 0.4355 0.7367

77 1.0000 0.6145 1.0000 0.9990 0.8022 0.9849 0.3170 0.8201

78 1.0000 0.5759 1.0000 0.9952 0.5335 0.9779 0.3791 0.8365

79 1.0000 0.6145 1.0000 0.9964 0.5759 0.9863 0.4355 0.8514

80 1.0000 0.6814 1.0000 0.9983 0.8022 0.9779 0.4868 0.8514

81 1.0000 0.6145 1.0000 0.9980 0.6495 0.9897 0.6814 0.8365

82 1.0000 0.8514 1.0000 0.9978 0.7606 0.9834 0.4355 0.8201

83 1.0000 0.7606 1.0000 0.9936 0.9077 0.9906 0.5335 0.7606

84 1.0000 0.6814 1.0000 0.9936 0.7606 0.9817 0.4868 0.6814

85 1.0000 0.5759 0.9981 0.9975 0.7824 0.9799 0.3791 0.6495

86 0.9999 0.5759 0.9983 0.9993 0.8514 0.9930 0.4868 0.6495

87 0.9999 0.8201 0.9915 1.0000 0.7606 0.9964 0.6145 0.6814

88 0.9998 0.6495 0.9307 0.9986 0.9237 0.9998 0.6814 0.7103

Disaggregated estimates of mining activity were not available for each year, preventing a 

direct calculation of the rents obtained from extraction of each mineral/^ To circumvent 

this problem, an alternative series for value added was computed, disaggregated by the 

production level of each mineral and compatible with the data on reserves and depletion 

fectors. This procedure was rendered additionally necessary by considerations of data 

quality described below.

Due to the lack of measures of marginal cost, this analysis uses average unit receipts net of costs (or 
the net price), calculated from the average costs of production. This limitation has appeared in all o f 
the empirical environmental accounting exercises referred in this article.
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The value added (Yt) is defined as the difference between output value (OVt) and 

intermediate consumption (ICt). This difference corresponds to the sum of, wages (WAt), 

social charges (SCt) and the gross operating surplus (OSt). The gross operating surplus can 

be divided into two parts: the normal' capital remuneration (CRt) and total rent (TRt). 

The normal capital remuneration was considered 15 % of the value of the man-made capital 

stock respective to the year/^ Since all the other variables are known, the rent may be 

obtained residually, as shown by the equations below:

y, = OFr - /C, (6.7)

y, = WAr + SCr + OSt (6.8)

TRt = O St - C R t (6.9)

Table 6.5 presents the aggregate results of these estimations. It can be seen that the rate of

growth of rents for the sector as a whole (3.5% per annum) was much lower than that 

observed for the value of output (7.6% p.a.). This disparity arises from the greater 

increase in industrial operating costs (15.0% p.a.), salaries (16.0% p.a.) and, in particular, 

normal capital returns (18.6% p.a.), the latter due to the significant expansion of 

investment in the sector. These tendencies, present for almost all selected minerals, 

indicate that the expansion of mineral extraction has been followed by gradual increases in

operating costs as well as in expenditures on exploration. This contributes to a decline in

the rental rates, obtained as the ratio of rent to output in each year (see Figure 6.2).

The capital stock was obtained using the perpetual inventory method. This involves calculating the 
value of the capital stock in a certain year through the reported sum of investment flows in previous 
year, discounting a 5% annual depreciation. The complete description of the procedures used to 
estimate the magnitude of these variables is presented in Young (1992).
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Ikble 6.5 Value added in the extraction of selected minerals, 1970/88 (US$ 
Millions of 1980)

Year Production Intermediate
Consumption

Value
Added

Wages Social
Contributions

Normal
Capital
Return

Rent

70 2,570 108 2,462 67 11 148 2,237

71 2,610 113 2,497 70 11 187 2,229

72 2,709 117 2,591 76 13 221 2,281

73 2,741 125 2,616 81 15 271 2,249

74 3,060 170 2,891 97 19 329 2,446

75 3,092 197 2,895 77 13 403 2,401

76 3,158 237 2,921 89 17 445 2,370

77 2,964 218 2,746 95 19 523 2,109

78 3,209 210 2,999 284 19 649 2,047

79 3,165 193 2,972 288 18 799 1,867

80 3,545 494 3,051 325 19 851 1,856

81 3,847 547 3,300 370 19 1,048 1,863

82 4,336 637 3,699 435 18 1,285 1,961

83 5,254 776 4,478 541 20 1,443 2,473

84 7,093 1,074 6,019 750 26 1,719 3,524

85 8,333 1,271 7,062 887 30 2,031 4,113

86 8,861 1,336 7,524 936 33 2,198 4,358

87 9,112 1,340 7,772 944 36 2,743 4,048

88 9,683 1,340 8,343 959 46 3,188 4,150
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Figure 6.2 Rental rates for mineral extraction (resource rents/value of 
production), 1970/88
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6.6.5 Estimates of 'green' income using the net price approach

The net price approach to the calculation of 'green' income uses equation (6.3) to compute 

depreciation of natural capital; the depreciation for one year being the difference between 

the mineral stocks of the previous and the current yean The mineral stock in any year (St) 

is taken as the basic reserve, and it is multiplied by the unitary rent (Pt) observed in that 

year. The 'green' income is then the value added minus the natural capital depreciation.

y s  1, =  Yt - D ep, (6.10)

Dept (6.11)

Calculated levels of natural capital depreciation and 'green' income computed using the net 

price approach are summarized in table 6.6 and figure 6.3. It can be seen that the absolute 

value of estimated depreciation is consistently higher than that of value added, being more 

than 10 times higher in certain years. This was a consequence of reserve variations due to 

discoveries and revaluations which exceeded depreciation caused by extraction.
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Tàble 6.6 ’Green' income using the net price approach, 1970/88 (US$ Millions of 
1980)

Year
Value
Added

Natural Capital Depreciation Green'
Income

Begining Stock Ending Stock

70 2,462 209,278

71 2,497 209,278 146,306 62,972 (60,474)

72 2,591 146,306 378,314 (232,008) 234,599

73 2,616 378,314 544,987 (166,673) 169,290

74 2,891 544,987 87,826 457,161 (454,271)

75 2,895 87,826 183,785 (95,959) 98,854

76 2,921 183,785 169,390 14,394 (11,474)

77 2,746 169,390 172,412 (3,022) 5,768

78 2,999 172,412 232,614 (60,202) 63,200

79 2,972 232,614 183,759 48,855 (45,883)

80 3,051 183,759 193,977 (10,218) 13,269

81 3,300 193,977 161,436 32,541 (29,241)

82 3,699 161,436 221,396 (59,960) 63,660

83 4,478 221,396 250,296 (28,900) 33,377

84 6,019 250,296 226,106 24,190 (18,171)

85 7,062 226,106 170,290 55,817 (48,755)

86 7,524 170,290 254,383 (84,094) 91,618

87 7,772 254,383 244,715 9,668 (1,896)

88 8,343 244,715 272,927 (28,212) 36,555
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Figure 6.3 Net price approach: ’green' income, 1970/88
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An economic explanation of the oscillations in 'green' income calculated using the net 

price approach is not easily provided. A comparative analysis which considers the results 

obtained with this approach and those observed using the user cost approach is presented in 

section 6.6.7.

6.6.6 Estimates of green’ income using the user cost approach

'Green' income in terms of the user cost approach is obtained as the difference between the 

value added and the user cost (UCt) for each of the selected minerals. The user cost is 

obtained by applying the depletion factors, calculated in section 6.6.3, to the rent estimates 

for each selected mineral, obtained in section 6.6.4.

(6.12)

UCt = 0  - D F t )  TRt (6.13)
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Table 6.7 and figure 6.4 show the aggregate results. In contrast to the estimates obtained 

with the net price method, 'green' income is now always smaller than the value added as 

conventionally calculated and, significantly, does not assume negative values.

Tkble 6.7 User cost approach: 'green' income from mineral extraction, 1970/88

Year
Value
Added

User Cost Sustainable Income

d=0% d=5% d=10% d=0% d=5% d=10%

70 2,462 2,237 606 302 225 1,856 2,160

71 2,497 2,229 846 463 268 1,651 2,034

72 2,591 2,281 780 435 310 1,811 2,156

73 2,616 2,249 703 407 367 1,913 2,210

74 2,891 2,446 1087 624 445 1,804 2,267

75 2,895 2,401 720 403 494 2,175 2,492

76 2,921 2,370 627 323 550 2,294 2,598

77 2,746 2,109 489 228 637 2,257 2,518

78 2,999 2,047 372 180 952 2,627 2,819

79 2,972 1,867 348 156 1,105 2,623 2,815

80 3,051 1,856 337 139 1,195 2,714 2,912

81 3,300 1,863 461 199 1,437 2,838 3,101

82 3,699 1,961 420 176 1,738 3,280 3,523

83 4,478 2,473 598 294 2,005 3,880 4,184

84 6,019 3,524 1333 757 2,495 4,686 5,262

85 7,062 4,113 1799 1072 2,949 5,263 5,991

86 7,524 4,358 1331 777 3,166 6,193 6,747

87 7,772 4,048 1119 587 3,724 6,653 7,185

88 8,343 4,150 903 373 4,193 7,441 7,970
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Figure 6.4 User cost approach: 'green' and conventional income, 1970/88
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Thble 6.8 User cost approach: average rates of growth, 1970/88

Period

User Cost Approach

Conventional
Income

r=0% r=5% r=10%

70/80 2.2% 18.2% 3.9% 3.0%

80/88 13.4% 17.0% 13.4% 13.4%

70/88 7.0% 17.6% 8.0% 7.5%

In the base case (d=5% ), the user cost approach shows that approximately 70% of the 

value added from mineral extraction in the early 1970's may be considered properly as 

income. This proportion gradually increases with time, reaching almost 90% of the 

conventional income in 1988. Two main fectors explain why the average rate of growth of 

the 'green' income (8.0% p.a.) is bigger than the conventional value added (7.0% p.a., 

see Table 6.8).

Firstly, it is important to remember that the rental has declined systematically. Since the 

weight of fector costs is relatively more important in the 'green' income figures (because
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the rent is not fully incorporated), the faster growth of production factor costs resulted in a 

higher rate of growth for the green' income.

Secondly, there were significant reserve discoveries and revaluations in the second half of 

the 1970's and early 1980's. This was especially true of the expansion of tin reserves in 

Amazonia and of off-shore petroleum reserves. Significant gold and iron reserves were also 

discovered in Serra Pelada and Carajas respectively, although the previously known 

reserves of these minerals had already conferred high levels of sustainability on them, i.e. 

depletion fectors close to one.

At a higher rate of discount (d= 10%), 'green' income represents a higher percentage of the 

conventional measure. The average rate of growth (7.5% p.a.) is slightly lower than in the 

base case, but the analysis made for the latter can be extended to the former.

The main differences appear if results are compared to the re-defined net price approach 

(d=0% ). The proportion of 'green' income to conventional value added is significadvely 

lower in this case (from 31% to 50%). On the other hand, the rate of growth of the green' 

income is considerably higher (15.2% p.a.) because only the costs of production fectors 

are considered. This is particularly true of petroleum resources, which require increasing 

investment for decreasing returns as the most readily accessible reserves are exhausted. 

Discoveries during the period effectively replaced the quantities extracted, but the new 

reserves are generally more costly to exploit.

In other words, the lower the discount rate the higher are the rates of growth of green' 

income from mineral activities in Brazil. This outcome is interesting because it questions 

the argument that a zero discount rate would always result in worse indicators for activities 

causing natural resource depletion.

6.6.7 Comparison of Results
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Table 6.9 compares the 'green' income obtained in sections 6.6.5 and 6.6.6 and shows that 

significantly different results are obtained depending on the method used. The first of 

these is a difference of magnitude. 'Green' income according to the net price approach 

varies between +  9,000% and - 15,000% of gross value added for the selected minerals, 

while the estimates of 'green' income according to the user cost method range between 

62% and 89% of conventional value added in the base-case.

Tkble 6.9 'Green' income in the extraction of selected minerals: % of the 
conventional value added, 1970/88

Year
Depreciation

Approach
User Cost Approach

r=0% r=5% r=10%

70 9.2% 75.4% 87.7%

71 -2421.8% 10.7% 66.1% 81.5%

72 9054.1% 12.0% 69.9% 83.2%

73 6470.5% 14.0% 73.1% 84.5%

74 -15715.7% 15.4% 62.4% 78.4%

75 3414.6% 17.1% 75.1% 86.1%

76 -392.8% 18.8% 78.5% 88.9%

77 210.0% 23.2% 82.2% 91.7%

78 2107.5% 31.8% 87.6% 94.0%

79 -1544.0% 37.2% 88.3% 94.7%

80 435.0% 39.2% 89.0% 95.5%

81 -886.1% 43.5% 86.0% 94.0%

82 1720.8% 47.0% 88.7% 95.2%

83 745.4% 44.8% 86.6% 93.4%

84 -301.9% 41.5% 77.9% 87.4%

85 -690.4% 41.8% 74.5% 84.8%

86 1217.6% 42.1% 82J% 89.7%

87 -24.4% 47.9% 85.6% 92.4%

88 438.1% 50.3% 89^% 95.5%
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This discrepancy is a consequence of the adjustment of conventional income by the 

variation in total reserves, in the (unadjusted) net price approach. This procedure does not 

rule out negative values for adjusted income nor the possibility of an adjusted income much 

greater than the conventional value, if new discoveries or revaluations exceed current 

extraction. This occurred in all years except 1987.

In contrast, 'green' income calculated by subtracting user cost from value added cannot be 

less than the sum of capital returns, wages and social charges, nor can it exceed 

conventional income. These situations cannot occur because the user cost has a maximum 

value equivalent to the total rent (when current extraction implies the immediate depletion 

of the resource) and a minimum value of zero (when current rates of extraction are very 

low relative to available stocks or in the re-defined net price approach where d=0% ).

Note also that 'green' income calculated through the (unadjusted) net price approach varies 

in an abrupt and cyclic manner, in such a way that sharply negative values are followed by 

high positive values in subsequent years. This is a consequence of erratic estimates of 

mineral reserves, in which undervaluation and overvaluation commonly follow one another 

over time. Being significantly larger than output this generates cyclic imbalances in 

computed 'green' incomes.

In contrast, the user cost technique offers estimates of 'green' income which reflect three 

clear periods. The first one corresponding to the first half of the 70s, shows an increasing 

gap between green' and conventional incomes. During the second period, covering the 

years 1975-1982, there is an increasing proximity in these values, a consequence of the 

increasing sustainability of mineral extraction due to revaluations and discoveries of 

reserves of the selected minerals. The final period shows decreased mining sustainability 

especially in the extraction of petroleum and tin; a result of reduced levels of successful 

exploration and of accelerating rates of extraction as earlier physical investments matured. 

It should be noted that this tendency has slowed down in recent years as the rates of growth 

of extraction have fellen.
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The implications of the alternative estimates for pricing policies (royalties, export taxes, 

etc.) are also distinct. As discussed before, the net price approach is based on the 

comparison of the value of the stock at the beginning and at the end of each accounting 

period. Any difference in these values is excluded from 'green' income: the principle of 

the net price approach is that all negative (positive) differences in the balance sheets 

should be subtracted (added) from (to) the income measure. If the establishment of 

royalties or taxes has followed the same principle (i.e., being determined as a function of 

the difference of stock values) this would penalize stock owners of mineral resources with 

decreasing prices, or those who have had their reserves decreased by re-estimating 

procedures independently of their extraction decisions. In practical terms, since empirical 

results show a huge oscillation of the value of the stocks after each year, this would have 

meant that taxes or royalties would oscillate considerably as well, leading to great 

uncertainty in the mineral sector.

On the other hand, the principle behind the user cost approach seems to be more 

appropriate for taxing the depletion of mineral resources: the tax or royalty would apply 

only to the amount of resources which has been actually depleted by the mining companies 

(in the same way the income adjustment should refer only to the rent obtained in the same 

process). In other words, the taxation should refer mainly to the profitability of mineral 

extraction, instead of emphasizing random changes which are not a consequence of one 

particular stock owner (as the net price approach does). Another advantage of the user cost 

approach is that it is based on an exhaustion factor, which is a measure of the future 

availability of the resource (considering the existing reserves and the current trend of 

extraction). If the taxes or royalties were based on the user cost (as measured by that 

approach), it would imply that the payments (per unit of output) for extracting relatively 

scarce minerals were higher than the payments required in the extraction of more abundant 

minerals. This would be an improvement of the current Brazilian legislation that establishes 

uniform royalty payments on mineral extraction according to the same fixed percentage of 

output value for all minerals (except oil), irrespective of their relative abundance or 

scarcity. The net price approach lacks this property since it does not compare changes in 

reserves with the current extraction level of the mineral resources.
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Overall, then, if green accounting approaches are to be used, the user cost is to be 

prefered.

6.7 Conclusion

The obligation to pay for the increase in oil prices and the services of the external debt 

pressured the Brazilian government to increase exports rapidly. The mining sector received 

particular attention in this effort, through a combination of massive investments in 

prospection and extraction and economic incentives to the intermediate input industries 

which use minerals as raw minerals. The mining industry reacted positively to these 

incentives, and its growth performance has been considerably superior than the industry's 

average.

However, the accelerated depletion also involves the loss of assets which are not considered 

in the conventional analysis. This is shown in the resource accounting exercise: there was a 

considerable expansion of the user cost relative to the total output. This expansion would 

be even greater if the process of 'exporting at any cost' did not result in the reduction of 

marginal rents.

This evidence supports the hypothesis that, under pressure, the governments accept the loss 

of future revenues (user cost) in order to pay for the current necessities. In this sense, the 

adjustment policies which fevour the increase in mineral exports can be directly connected 

to the expansion of depletion and the unsustained global consumption of these resources 

(since world prices are depressed there is an increase in consumption).

One possible counter-argument in defence of adjustment programmes is that the reforms 

were not fully carried out since most of the Brazilian mining sector is still state-controlled. 

If the mineral reserves were privately owned, the level of depletion may have lowered with 

falling international prices or rising extraction costs. However, it is quite difficult to 

speculate about this scenario. The pressure of the government would have persisted through
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direct and indirect incentives (devaluation of the exchange rate, subsidized capital, tax 

reductions) in order to expand exports.

Finally, it is clear that the potential exhaustion of reserves, the problem studied in this 

chapter, is not the only threat resulting from mining. Water and air pollution are possible 

outcomes from the expansion of extraction and benefitting activities. Mining is also 

connected to deforestation, and the Carajas project is a frequently referred example of a 

cause of environmental problems in the Southeastern Amazon (see Chapter 5).

Pollution and deforestation are particularly important outcomes of the informal mining 

sector. Small-scale placer mining (garimpo) is a common activity in many areas of the 

Amazon, and the unreported production from garimpos probably represent a large share of 

gold and tin output (see table 6.10). These activities were not considered in the resource 

accounting exercise since there are no compatible (or even reliable) data. However, 

resource depletion is not the main problem brought by garimpos. The number of people 

involved is considerable (estimates of up to 800.000 involved direct or indirectly with 

garimpos in the Amazon - see World Bank, 1992c) and the permanent migration flow 

created by these activities causes disruption and violent conflicts with native populations 

and the spread of malaria and contaminons diseases.

liable 6.10 Garimpo and industrial extraction of gold in the Brazilian Amazon 
(tons), 1980/88

State Producer Official Unreported Total

Para Garimpo 145.1 570 715.1

Mato Grosso Garimpo
Industrial

38.4
4.1

180 222.5

Rondonia Garimpo 18.3 75 93.3

Amapa Garimpo
Industrial

2.9
5.5

18 26.4

Roraima Garimpo 8.7 40 48.7

Maranhao Garimpo 1.5 6 7.5

Others Garimpo 2.0 10 12.0

Source: World Bank (1992c)
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The technique used varies according to the size and capital endowment of the miners. The 

emission of suspended materials from mining activities in the Tapajos river caused a 

change in its colour, from green to yellow (World Bank, 1992c). Most of the small-scale 

garimpos uses mercury to almagamate with alluvion gold, fecilitating the extraction. The 

amalgam is burned in order to separate the two metals, and the mercury ends being 

absorbed by the ecosystem (in the atmosphere, rivers, biomass, etc.). The size of mercury 

burning is considerable: Lacerda and Salomons (1992) estimate that 300 tons of mercury is 

emitted every year. Therefore, mercury poisoning becomes a threat not only to the people 

living around the garimpos but also for populations living downstream and, in a lesser 

degree, all the Amazon watersheds.

237



7 INDUSTRIAL POLLUTION AND EXPORT-ORIENTED POLICIES IN

BRAZIL

7.1 Introduction

As discussed in chapter 2, there is a fierce debate over the pollution consequences of 

adjustment policies in developing countries. Critics argue that adjusting countries have 

more comparative advantages in natural resource based activities, and the pressure to 

increase the level of exports represent an incentive to the overexploitation of these assets. 

Since environmental legislation and control in these countries are less strict than in 

developed countries, this would favour the expansion of pollution and energy intensive 

industries. One possible outcome of this process is that, in the long term, adjusting 

countries would attract investments from pollution intensive industries which have had to 

migrate' from developed countries as a consequence of higher production costs imposed 

by tighter environmental controls.

At the opposite side, defenders of adjustment programmes argue that reform policies bring 

more production efficiency to the economy. Higher competition would close down 

companies operating with old and inefficient equipment. Higher prices for energy are an 

incentive to reduce energy consumption and, therefore, emissions. Finally, the removal of 

subsidies to capital intensive industries in developing countries would represent an 

incentive to labour intensive activities, which are less pollutant.

The objective of this chapter is to illustrate this debate in the context of Brazilian industry 

in the 1980s. Industry was characterized by the expansion of export-oriented activities as 

called for by the adjustment principles. More precisely, this chapter investigates whether 

the shift towards an export oriented industrial growth has influenced the pollution 

problem in Brazil. The methodology is based on the combination of input-output 

techniques and the use of water and air pollution coefficients, estimated according to actual 

data for Brazil. The results indicate that during the 1980/85 period, water and air 

emissions from industrial sources increased despite declining economic activity. This
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suggests that the structural changes in the Brazilian industry in the early 1980s, associated 

with the adjustment objective of increasing the trade surplus, encouraged industries which 

are more intensive sources of pollution.

7.2 Export promotion policies and pollution in Brazil

As discussed in Chapter 4, there were successive changes in the management of the 

Brazilian economy to alleviate the pressure on the balance of payments caused by external 

debt crisis. In the early 1980s, in order to improve the external account situation, many 

incentives were created to increase exports. Indeed, the expansion of the export sector was 

a key element in the structural adjustment strategy carried out with the approval of the 

IMF and the World Bank. This change in the orientation of the industrial policy, so far 

dedicated to import-substitution, has affected significadvely the Brazilian industrial 

structure. As a consequence, the export oriented industries achieved a much better 

performance relative to the traditional, domestic market oriented industries.

During the same period, there is evidence that the pollution problem has increased in 

Brazil. Carvalho and Ferreira (1992) created an index of industrial growth according to 

four groups of potential pollution impacts: high, mean, low and negligible. The index was 

built using output data from EBGE's monthly industrial survey, combined with the air and 

water pollution potential of each product according to the classification adopted by the 

state of Rio de Janeiro environmental agency (FEEMA). It is important to highlight that 

FEEMA's classification is based on the potential hazard of the production of the good to 

the air or water assuming that no mitigation measures are taken. Therefore this index does 

not consider the existence of abatement processes which may reduce or even eliminate the 

pollution impact. In other words, it is an estimate of potential rather than actual industrial 

pollution.

Table 7.1 and graph 7.1 present the results obtained by Carvalho and Ferreira (1992). 

They show that the industries with high and mean pollution potential grew at higher rates 

than the average of the Brazilian industry. The worst performance refers to the industry
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with negligible pollution potential. The conclusion of tlie study was that the dynamics of 

industrial growth in the Brazilian industry since the 1980s has been positively associated 

with the level of potential pollution: the higher the growth, the higher the pollution threat, 

in a way that industrial growth has been diverted towards the potentially polluting 

industries.

Table 7.1 Evolution of the Brazilian industry according to its pollution potential 
(1981=100)

Year High Mean Low Negligible Total

1982 101.9 102.9 92.9 103.3 100.0

1983 100.1 96.6 83.4 93.3 94.8

1984 107.9 102.6 89.9 97.2 101.6

1985 115.8 112.5 99.4 104.5 110.2

1986 123.6 129.1 120.8 114.0 122.3

1987 125.5 128.7 123.8 106.3 123.3

1988 125.4 123.7 113.5 97.4 119.3

1989 127.3 127.8 119.5 102.9 122.8

1990 119.1 116.6 104.1 90.1 112.9

1991 120.7 118.3 98.7 83.9 112.3

1992 118.8 110.1 87.8 77.5 107.1

Source: Carvalho and Ferreira (1992) 

Figure 7.1 Evolution of the Brazilian industry according to its pollution potential 
(1981 =  100)
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Source: Carvalho and Ferreira (1992)

According to the adjustment debate, the simultaneity of the expansion of the export 

oriented industrial sector and the increase in the levels of pollution may suggest that 

developing countries under adjustment programmes, such as Brazil, tend to specialize in 

polluting industries due to their lower regulatory costs (compared with the costs in 

developed countries). On this view, the expansion of the potential levels of pollution is not 

a coincidence but a consequence of the boom in export oriented activities.

However, since the exercise carried out by Carvalho and Ferreira (1992) is based on 

potential rather than actual data, it is not possible to refute the opposite proposition, i.e. 

the change in the structure of the industry was environmentally beneficial. One possible 

explanation is that export oriented industries need to be more efficient in order achieve 

international competitiveness, and modem technology tends to be less polluting. These 

higher efficiency standards may have resulted in better environmental practices which 

were not captured by the exercise.

The difference between potential and actual (i.e. after abatement measures) pollution may 

be considerable. This is a conclusion of a series of empirical studies carried out by the 

Environmental Economics Research Division at IPEA (Serôa da Motta et a i ,  1993; 

Mendes, 1994; Serôa da Motta, 1993a, 1993b, 1995). These studies estimated the 

effectiveness of abatement policy and the status of current water and air industrial 

pollution in Brazil, based on indicators of water and air quality for 13 states where 

systematic monitoring is undertaken .T his database was built using pollution emission 

and abatement estimates for the year 1988 according to a World Bank funded project 

denominated PRONACOP (Brazilian National Programme of Pollution Control), covering 

12 states, plus similar information for the state of Sao Paulo for the year 1991, using data 

from the state's environmental agency (CETESB). The parameters considered were 

biochemical oxygen demand (BOD) and heavy metals for water pollution, and particulate

These 13 states combined were responsible for 96% of the Brazilian manufacturing industrial output 
according to the 1985 Industrial Census.
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matter, sulphur dioxide (SO2), nitrogen oxides (NOx), hydrocarbons (HC) and carbon 

monoxide (CO) for air pollution.

The estimates of potential emissions were obtained by multiplying the potential output of 

every industrial establishment registered at the states' environmental agencies by emission 

parameters obtained from the technical literature (most of them taken from World Health 

Organization, 1982). The potential pollution emissions estimated this way were considered 

as a measure of the level of pollutant emitted by the industrial establishment without any 

treatment.

Data on actual emissions proved to be scarce and, in some cases, available but not reliable 

(Mendes, 1994). Therefore, the level of actual pollution was estimated by an abatement 

indicator which considered the potential for emission treatment at the source point (i.e. 

every industrial establishment registered in the database). The indicators of potential and 

actual pollution were then divided by the value added of the respective industrial sectors, 

at the state level, in order to produce the pollution intensity coefficients. Tables 7.2 and

7.3 presents the average value for the 13 states.

These indicators show the average amount of emission required for a unit of value added 

in each sector, and this is a crucial information for the analysis carried out in this chapter. 

However, it is important to bear in mind the many limitations involved. Among them, 

three are particularly important. First, the pollution estimates were not obtained directly 

from observations of the quality of water and air at the emission points but indirectly, by 

the specifications of the industrial plants surveyed. However, the environmental impact of 

a specific pollutant is affected by many other variables which were not considered in the 

exercise.Second, a linear relationship is assumed between value added and the level of 

emissions - it is possible that this relationship is far more complex. Third, only the 

establishments which were registered with the environmental agencies could be

The primary data on water pollution were scarmed in the work by Mendes (1994); however the 

data on air pollution were not. This represents another potential difficulty for the exercise, even 

though the most significant problem identified in the primary data concerned the leather and 

footwear sector, which is not a main source of air pollution.
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considered. It is possible that the total amounts of emission were underestimated. This 

point would be important in the case of sectors where a very large number of only 

marginally pollutant establishments are responsible for a considerable amount of the total 

pollution. Given these limitations imposed by the lack of consistent data on industrial 

pollution in Brazil, the results from the exercise carried out in the next sections should be 

considered as a preliminary attempt to assess the contribution of export oriented activities 

to the air and water pollution problems in Brazil.

Table 7.2 Water pollution: potential and actual pollution intensity coefficients, 
by industrial sector (g/US$ of value added), Brazil, 1988

Industrial sector Biochem. Oxygen Demand Heavy Metals

Potential Actual Potential Actual

Metallurgy 1.12 0.04 1.73 0.85

Mechanical 0.73 0.60 0.16 0.07

Transport equipment 0.49 0.18 0.13 0.05

Wood products 19.83 8.82 0.00 0.00

Paper & cellulose 37.35 12.91 0.00 0.00

Chemicals 86.85 16.15 0.03 0.03

Drugs & medicine 2.25 1.47 0.00 0.00

Cosmestics & soap 7.02 4.58 0.00 0.00

Textiles 7.11 4.40 0.00 0.00

Leather & footwear 45.36 21.69 1.84 0.76

Food products 27.96 11.31 0.00 0.00

Beverages 105.11 40.98 0.00 0.00

Source; Mendes (1994)
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Table 7.3 Air pollution: potential and actual pollution intensity coefficients), by 
industrial sector (g/US$ of value added), Brazil, 1988

Industrial
sectors

Partie, matter SCh NOx HC CO

Potent. Actual Potent. Acnial Potent. Acuwl Potent. Actual Potent. .•\ctual

Non-inetallic
minerals

689.1 261.4 51.2 51.0 10.9 10.9 0.2 0.2 3.7 3.7

Metallurgy 247.0 111.4 50.7 50.7 17.2 17.2 6.2 6.2 1303.4 1214.9

Meclianics 5.8 1.1 1.3 1.3 0.1 0.1 2.0 2.0 0.2 0.2

Electric materials 0.4 0.1 0.2 0.2 0.0 0.0 2.2 1.6 0.0 0.0

Transport equip. 0.4 0.1 0.2 0.1 0.0 0.0 0.6 0.5 1.7 1.7

Wood products 42.2 42.1 2.5 2.5 9.7 9.7 2.9 2.9 90.3 90.3

Paper & cellulose 133.8 28.2 16.0 15.8 32.5 32.5 0.7 0.7 37.9 37.9

Rubber products 0.4 0.4 3.3 3.3 0.5 0.5 0.1 0.1 0.6 0.6

Chemicals 41.4 18.3 61.4 59.9 45.7 45.6 38.8 18.4 17.0 17.0

Drugs & medicine 0.4 0.4 2.0 1.9 5.5 5.5 0.1 0.1 1.7 1.7

Comestics & soap 8.8 4.5 32.3 32.3 2.9 2.9 0.1 0.1 0.7 0.7

Textiles 26.4 24.3 13.8 13.4 11.2 11.2 0.4 0.3 3.8 3.8

Leather & footwear 1.0 0.9 5.5 5.5 0.7 0.7 0.7 0.7 1.2 1.2

Food products 27.5 21.8 72.5 72.5 8.8 8.8 0.2 0.2 26.0 3.5

Beverages 68.1 58.2 35.7 35.7 17.4 17.4 0.4 0.4 12.7 12.7

Source: Serôa da Motta et al. (1993)

7.3 Industrial pollution: an input-output model

7.3.1 The input-output model

The objective of the input-output model is to describe the sectoral interdependence of the 

economy, given the current levels of production and consumption. Assuming that all the 

(n) sectors of an economy keep a constant share in the market of each product, and that 

the production processes of all these sectors are technologically interdependent and 

characterized by a linear relation between the amount of inputs required and the final 

output of each sector, it is possible to obtain a system containing n equations relating the 

output of every sector to the output of all other sectors. The model also considers an 

autonomous sector (final demand) which is determined exogenously to the model. The 

sales of each sector should be equal to autonomous consumption (related to the categories
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of final demand) plus the amount of production destined to the intermediate consumption 

of all the other sectors (Dorfman, 1954).

In formal terms;

n
-V/ = Z  xij + O  + If  + Gj  + Ei - Mi (7.1)

where Xij is the amount of output from sector i demanded as intermediate consumption to 

sector j, and Ci, L, Gi, E l, M i and Xi are, respectively, the private consumption, 

investment, public administration consumption, exports, imports and domestic production 

of sector i (Prado, 1981).

The basic assumption is that the intermediate consumption is a fixed proportion of the total 

output of each product:

Xi -  '^QirXj  +  di (7.2)

where aij is the technical coefficient determining the amount of product of sector i required 

for the production of one unit of product in sector], and di is the amount of final demand 

for products from sector i (di =  Ci +  L +  Gi +  Ei - Mi).

In matrix terms, this is expressed by:

X = Ax + d  (7.3)

where x is a nxl vector with the total product of each sector, d is a nxl vector with 

sectoral final demand, and A is a nxn matrix with the technical coefficients of production.

Since the final demand is exogenously determined, the intermediate consumption can be 

obtained by the following equation:
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X = G - A ) ' d  (7.4)

where (I - A)'  ̂ is the nxn matrix containing the input-output coefficients for the relations 

between sectors.

The same formula is valid for calculating the direct and indirect effects of exports or any 

other component of the final demand, instead of its aggregate:

Xf -  G - A ) ‘ d f  (7.5)

where Xf is the nxl vector containing the total production per sector necessary to obtain the 

nxl vector of the f-category of final demand (dt).

Therefore, the input-output model allows the determination of the level of economic 

activity in each productive sector as a function of the final demand for each product.

7.3.2 Introducing emission coefficients

The use of extended input-output tables to estimate emissions and other discharges of 

residuals has become an important instrument to assess environmental problems at the 

macroeconomic level (for a review, see Forsund, 1985; the methodology adopted in this 

section is based on Pedersen, 1993). The most common procedure is to assume that 

emissions are linearly related to the gross output of each sector, in a way that each 

industry generates residuals in fixed proportions to the sector output. The emission 

coefficient of pollutant h by sector i (efw) can be obtained obtained by dividing the total 

emission of a sector (emi) by the total output of the same sector (xi):

ef, ,  = ^  (7.6)
Xi
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Given this assumption, it is possible to obtain the total emission caused by the f-category 

of final demand through the use of emission coefficients for each sector. In formal terms, 

this is expressed by;

Zhf = d iag(e f j .x f  = diag(ef J . ( l  - A f ‘d j  (7.7)

where Zhf is the nxl vector containing the total emission of pollutant h per sector associated 

to the f-category of final demand, and diag(efii) is the nxn matrix cointaining in its 

principal diagonal the emission factors of pollutant h for each sector, and zeroes elsewhere 

(Pedersen, 1993).

7.3.3 Application to Brazil

This section describes the procedures used to calculate equation 7.7 for the Brazilian 

industry, combining the 1985 input-output table (43x43 activities) prepared by IBGE 

(IBGE, 1995) and the emission coefficients estimated by the IPEA research group (Serôa 

da Motta et a l  1993a,b; Mendes, 1994, Serôa da Motta, 1995). The basic assumption is 

that the emission coefficients (average emission per unit of product), estimated using data 

collected around 1988, can be applied in nominal terms to the year 1985. The pollutants 

studied are the same ones included in the IPEA studies: biochemical organic demanding 

(BOD) and heavy metals for water pollution, and particulate matter, sulphur dioxide 

(SO2), nitrogen oxide and dioxide (NOx), hydrocarbons (HC) and carbon monoxide (CO) 

for air pollution. These emission parameters were applied to all activities considered in the 

input-output table which belong to the same industrial sector. For example, the parameter 

for the metallurgy sector was applied to the activities metallurgy of iron and steel, 

metallurgy of non-iron products, and production of other métallurgie goods.

One adaptation was required because the IPEA's emission coefficients were based on the 

value added (VA) in each industrial sector. However, equation 7.7 refers to the total value 

of production (VP), including the intermediate consumption required. Therefore, the VA- 

based emission coefficients were multiplied by the VP/VA ratio for each industrial sector.
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in order to provide VP-based emission coefficients which could be applied to the direct 

and indirect effects of each category of final demand.

The aggregate contribution of each category of final demand to the value of production, 

according to the IBGE tables, is presented in table 7.4. Table 7.5 presents the estimated 

emission of pollutants required in the production chain resulting from each category of 

final demand, according to equation 7.7. Table 7.6 shows the results as a proportion of the 

total emission of each pollutant. Finally, table 7.7 presents the pollution intensity in the 

total production resulting from each category of final demand, i.e. the ratio between the 

total emission and the value of production of each category of final demand.

Table 7.4 Total output directly or indirectly related to the categories of final 
demand, Brazil, 1985

Category 1985 US$ Millions % of total output

Exports 54,774 14.2%

Investment 90,502 23.4%

Public administration 42,216 10.9%

Private consumption 199,423 51.5%

Total 386,916 100.0%

Source; IBGE (1995). Investment includes changes in stocks
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Table 7.5 Total (actual) emissions caused by final demand, 1,000 t, Brazil, 1985

Parameters Exports Investment Public
administration

Private
consumption

Total

Water emissions (1000 t)

BOD 110,964 70,376 18,645 395,096 595,080

Heavy metals 3,162 3,692 185 3,704 10,743

Air emissions (1000 t)

Partie, matter 561,212 1,205,839 67,282 1,037,977 2,872,311

SCh 482,826 510,080 59,034 1,035,496 2,087,436

NOx 239,529 230,225 41,850 541,549 1,053,152

HC 82,837 80,893 10,798 158,846 333,375

CO 3,723,917 4,829,227 244,249 3,867,466 12,664,860

Source: own estimate (see text). Investment includes changes in stocks

Table 7.6 Total (actual) emissions caused by final demand (%), Brazil, 1985

Parameters Exports Investment Public
administration

Private
consumption

Total

Water emissions (1000 t)

BOD 18.6% 11.8% 3.1% 66.4% 100.0%

Heavy metals 29.4% 34.4% 1.7% 34.5% 100.0%

Air emissions (1000 t)

Particulate matter 19.5% 42.0% Z3% 36.1% 100.0%

SCh 23.1% 24.4% Z8% 49.6% 100.0%

NOx 22.7% 21.9% 4.0% 51.4% 100.0%

HC 24.8% 24.3% 3^% 47.6% 100.0%

CO 29.4% 38.1% 1.9% 30.5% 100.0%

Source: own estimate (see text). Investment includes changes in stocks
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Table 7.7 Pollution intensity per unit of output (g/US$), Brazil, 1985

Parameters Exports Investment Public
administration

Private
consumption

Total

Water emissions (1000 t)

BOD 2.608 0.666 0.581 1.841 1.507

Heavy metals 0.074 0.035 0.006 0.017 0.027

Air emissions (1000 t)

Partie, matter 13.188 11.414 2.096 4.837 7.274

SO2 11.346 4.828 1.839 4.825 5.286

NOx 5.629 2.179 1.304 2.524 2.667

HC 1.947 0.766 0.336 0.740 0.844

CO 87.512 45.713 7.609 18.022 32.071

Source: own estimate (see text). Investment includes changes in stocks 

7.3.4 Analysis of the results

It can be seen from tables 7.5 and 7.7 that the proportional contribution of exports to the 

total emission of all pollutants exceeded the contribution of exports to the total output 

(14.2%). In other words, exports are more pollution-intensive than the average of the 

economy. This problem is particularly important for heavy metals, carbon monoxide and 

hydrocarbons, where the difference between the contribution to the total emission and the 

total value of production exceeds 10%.

The same problem is reflected in the intensity coefficients: for each pollutant, the amount 

of emission required to produce one unit of export related output exceeds the average of 

the economy. Indeed, the intensity of pollution is higher in export related activities than in 

any other group for the two water pollution parameters and for three of the five air 

pollution parameters (SO2 , NOx, and HC).

In sectoral terms, it is clear that a few sectors account for most industrial water and air 

pollution. Most of these 'dirty' industries are related directly or indirectly to export 

oriented activities, such as metallurgy (input for the motor car industry and other industrial
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export goods), paper and cellulose and footwear (leather products). The most important 

pollutant Industries are: chemicals, food products and paper and cellulose for BOD; 

metallurgy for heavy metals; non-metallic minerals and metallurgy for particulate matter; 

chemicals, metallurgy and non-metallic minerals for SO2; chemicals, metallurgy, paper 

and cellulose, and food products for NOx; chemicals for HC; and metallurgy for CO.

7.3.5 Comparison with the 1980 input-output table

The results presented in the previous subsection suggest that the export oriented approach 

adopted since the early 1980s has also resulted in higher levels of pollution. In order to 

consider the structural changes occurred during the first half of the 1980s, the exercise was 

repeated but now applying the emission coefficients to the 1980 input-output table (IBGE, 

1989), inflated to 1985 prices.

At that time the domestic oriented pattern inherited from the import substitution 

industrialization process was still prevailing. This can be seen in table 7.8 which shows the 

contribution of each category of final demand to the total output in 1980: in comparison to 

the 1985 results, export related activities represented a smaller share of the total output 

(10.8%, against the 14.2% in 1985).

Table 7.8 Total output directly or indirectly related to the categories of final 
demand, Brazil, 1980

Category 1985 US$ Millions % of total output

Exports 42,553 10.8%

Investment 105,642 26.8%

Public administration 32,101 &1%

Private consumption 214,601 54.3%

Total 394,897 100.0%

Source: IBGE (1989). Investment includes changes in stocks

Even though the total output was larger than in 1985, total emissions were smaller for all 

the pollutants studied (see table 7.9).
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Table 7.9 Total (actual) emissions caused by final demand, 1,0001, Brazil, 1980
Parameters Exports Investment Public

administration
Private

consumption
Total

Water emissions (1000 t)

BOD 80,275 77,026 11,128 397,110 565,540

Heavy metals 1,818 4,528 102 3,689 10,137

Air emissions (1000 t)

Partie, matter 363,192 1,509,435 41,910 1,088,592 3,003,129

SO2 308,988 601,448 33,264 1,026,394 1,970,094

NOx 140,601 274,809 23,924 528,175 967,509

HC 44,397 97,759 5,453 149,248 296,858

CO 2,158,792 5,864,729 138,335 4,016,704 12,178,561

Source: own estimate (see text). Investment includes changes in stocks

As in 1985, the contribution of export oriented activities to the total output was smaller 

than the share of total emissions in 1980 for every pollutant studied (table 7.10). The two 

parameters in which the pollution intensiveness of export oriented activities is more 

accentuated are heavy metals and CO.

Table 7.10 Total (actual) emissions caused by final demand (%), Brazil, 1980
Parameters Exports Investment* Public

administration
Private

consumption
Total

Water emissions (%)

BOD 14.2% 13.6% 2.0% 70.2% 100.0%

Heavy metals 17.9% 44.7% 1.0% 36.4% 100.0%

Air emissions (%)

Partie, matter 12.1% 50.3% 1.4% 3&2% 100.0%

SO2 15.7% 30.5% 1.7% 52.1% 100.0%

NOx 14.5% 28.4% Z5% 54.6% 100.0%

HC 15.0% 32.9% 1.8% 50.3% 100.0%

CO 17.7% 48.2% 1.1% 33.0% 100.0%

Source: own estimate (see text). Investment includes changes in stocks
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The consequence is that the pollution intensity (emission per unit of output) was higher 

export oriented activities than in the rest of the economy all parameters (see table 7.11).

in

Table 7.11 Pollution intensity per unit of output (g/US$), Brazil 1980

Parameters Exports Investment Public
administration

Private
consumption

Total Average
Change
1985/80

Water emissions (g/US$)

BOD 1.886 0.729 0.347 1.850 1.432 5^%

Heavy metals 0.043 0.043 0.003 0.017 0.026 6.0%

Air emissions (g/US$)

Partie, matter 8.535 14.288 1.306 5.073 7.605 -4.4%

SÜ2 7.261 5.693 1.036 4.783 4.989 6.0%

NOx 3.304 2.601 0.745 2.461 2.450 &9%

HC 1.043 0.925 0.170 0.695 0.752 12.3%

CO 50.732 55.515 4.309 18.717 30.840 4.0%

Source: own estimate (see text). Investment includes changes in stocks

More important, the pollution intensity coefficients were, on average, smaller in 1980 than 

in 1985 for all parameters, with the exception of particulate matter. This is a strong 

indication that the structural changes occurred during the 1980s towards an export oriented 

industry can be associated, in the Brazilian experience, with an increase in the levels of 

water and air pollution.

Two elements seem to be crucial to explain this phenomena. First, the completion of the II 

PND industrial projects, carried out as a long term answer to the balance of payment 

constraints caused by the oil price crisis (see chapter 4), changed the industrial character of 

the economy. The programme emphasized the production of intermediate inputs which are 

particularly intensive in emissions, such as metallurgy, chemicals and oil extraction. The 

second factor has to do with the incentives created in the 1980s to export oriented sectors 

which are also direct and indirect sources of emissions. Paper and cellulose, footwear 

(related to the leather and tanning activities) and the motor car industries are examples of
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sectors which successfully increased their exports but are at the top of pollution intensive 

production chains.

7.4 Conclusion

Brazil undertook structural changes in its industry during the 1980s. These changes can be 

related to two different strategies (the II PND in the late 1970s and the export emphasis in 

the 1980s) that shared the same objective of improving the external accounts situation. The 

changes resulted in the successful achievement of trade surpluses, thus relieving the 

pressures generated by the burden of the external debt, through the expansion of industrial 

exports and the reduction of imported intermediate inputs.

However, many of the benefited sectors were pollution intensive, particularly the ones at 

the bottom of the chain of export oriented activities (metallurgy, chemicals). The final 

effect was an overall increase of the pollution intensity of the industrial output, led by the 

export sector. Therefore, these results suggest an association between the adjustment 

policies carried out to improve the balance of payments situation and the deterioration of 

environmental standards.

The other side of this problem is the weakness of the environmental control institutions. 

The change of the industrial structure was not followed by a similar improvement in the 

effective capacity of monitoring and controlling air and water emissions. The legislation 

on environmental issues is relatively recent and is heavily based on command and control 

instruments (licenses, fmes, compensations and closures). Nevertheless, the 

implementation of this legislation has suffered from two main problems: the scarcity of 

financial and human resources, and the weak integration of the different government 

agencies responsible for environmental issues (Serôa da Motta, 1993a, b).

The scarcity of resources devoted to environmental protection has already been referred in 

the deforestation analysis (chapter 5) and is connected to the budget cutbacks forced by the 

public finance crisis. A survey carried out by Andreoli and Kurzlop (1987, quoted in
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Serôa da Motta, 1993b) estimated that staff in environmental protection agencies (EPAs) 

had increased by only 7.3% in the period 1983/87. Four states had EPAs with less than 10 

employees; in ten states the EPAs did not have any boat, and in three of these the EPAs 

did not have any motor vehicle at all. Finally, air quality analysis could be carried out 

only in three states, and in six states the EPAs did not have laboratories.

The issue of institutional disarray is related to the fragmentation of the institutional 

framework responsible for the protection of water and air resources. The 1988 

Constitution established that environmental control is mainly a task to be performed by the 

states’ EPAs and, as shown above, it results in very heterogeneous levels of control. The 

national environmental agency (IBAMA) is responsible for the coordination of the federal 

government activities, but since pollution issues are by law almost entirely under state 

supervision, its action in this field is considerably smaller than in forestry resource 

management (Serôa da Motta, 1993a, b).

The problem of institutional fragmentation is more serious in water issues. There is a 

strong influence of hydroelectricity state companies over the Water Code which regulates 

water availability and distribution rights. Issues related to water supply for urban use and 

sanitation concern other state and municipal agencies (usually water supply and sanitation 

are managed by different companies). This approach lacked, until recently, a wide 

environmental dimension of water services, and there is still a need for large 

improvements:

"Despite the relative progress obtained by creating environmental 

consciousness among environmental agencies, IBAMA and state EPAs 

have not succeeded in adjusting other sector policies to theirs. The same 

integration difficulties are also found between IBAMA and EPAs and 

between EPAs and other state agencies." (Serôa da Motta, 1993b, p.41)

Therefore, the final conclusion is that the Brazilian experience of structural adjustment 

resulted in the worsening of pollution problems without adequate attention to control and
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abatement policy and practices. If the changes were inevitable (it is not the objective of 

this chapter to discuss the appropriateness of the adjustment policies in economic terms) 

they should have been accompanied by the development of an effective environmental 

protection system since from the early outset of the adjustment process. In other words, 

the hypothesis that a shift towards a more export oriented industrialization pattern results 

in a bias in favour of environmental conservation cannot be accepted in the Brazilian 

experience concerning water and air pollution.

Two additional comments should be considered. The first point is that industrial emissions 

are not the only source of pollution. According to Mendes (1994), the volume of industrial 

emissions of BOD are equivalent to 39% of the emissions of organic matter from urban 

domestic emissions. The use of combustible fuels for domestic transportation (gasoline and 

sugar cane alcohol) is the main source of air pollution in urban centres (SO2) and the 

emission of CO2 resulting from burning biomass for land clearing is far greater than the 

emissions derived from energetic sources. Therefore, the problem of air and water 

pollution is not restricted to the industry, and an integrated approach should consider all 

potential sources of emission.

The second point refers to the limitations imposed by the database used. The exercises 

carried out in this section depend heavily on the primary data collected by PRONACOP 

and CETESB. These data derive from official records sent by the industrial companies to 

the EPAs in the process of obtaining the operational license, instead of actual measures of 

emission at the source point. Also, the emission coefficients estimated by IPEA using 

these data and applied in this chapter refer to one point in time, and significant changes 

may have happened since then. Finally, the most recent input-output tables available refer 

to 1985, and it was not possible to estimate the changes in the industrial inter-relations 

after that. Therefore, the analysis could not incorporate the period after 1985, which may 

have brought different results (even though the results from Carvalho and Ferreira (1992) 

suggest that the industry has become even more pollution-intensive since then).
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8 CONCLUDING REMARKS

The analyses carried out in this thesis showed that the relationship between adjustment 

programmes and the environment is not straightforward. First, impacts will vary because 

adjustment packages are themselves varied. Second, offsetting policies may be adopted by 

the adjusting country. Third, impacts on the environment can be direct or can result from 

complex interactions between the effects on poverty and behavioural reactions by the poor. 

Fourth, impacts depend in part on the precise reactions, eg whether an export drive 

focuses on erosive or non-erosive crops.

However, the fact that the issue is complex does not mean that some conclusions cannot be 

established. Among them, it can be said that there is no reason for assuming, a priori, that 

adjustment policies tend to favour the environment as some authors have done. The 

theoretical and empirical analysis concerning the depletion of marketable natural resources 

in developing countries (see chapter 3) is quite consistent with structural adjustment. 

Natural resources represent an important source of economic activity and foreign currency 

for adjusting countries, and the pressure to improve their short term economic 

performance may result in the acceleration of resource extraction. Indeed, chapter 3 shows 

how reactions can be modelled in terms of a combined Keynesian/sustainability structure. 

Existing discussions of sustainability have tended to be characterized by an emphasis on 

full employment which could not be further removed from actual conditions in developing 

countries.

The optimistic view that adjustment programmes tend to improve environmental 

conditions is also not supported by the case studies concerning the Brazilian experience. 

Mineral depletion accelerated and industrial pollution increased after the adoption of 

adjustment programmes (see chapters 6 and 7). In both cases, the growing pressure over 

natural resources is connected to the expansion of the export sector, a key adjustment 

strategy to deal with the problems in the balance of payments. Chapter 6 describes how 

the mining industry grew faster than the rest of the industry, but with increasing extraction

257



and user costs. In turn chapter 7 shows that Brazilian exports are relatively pollution

intensive.

The linkage between adjustment programmes and deforestation in the Amazon is not as 

direct as in the other case studies (see chapter 5). However, the adoption of adjustment 

policies did not represent a definite reverse of the deforestation trend. Some policies 

discouraged deforestation, such as reduction of subsidized agricultural credit and reduction 

of road building, but others had the opposite effect (eg appreciation of agricultural prices, 

the depreciation of labour costs and export and other incentives which led to land price 

speculation). These changes are associated with a shift in the nature of the motivations 

behind deforestation. Previously, deforestation was a consequence of a mainly politically 

motivated process of demographic occupation of the Amazon. The adjustment strategy 

introduced a more economically based approach but failed to control the land clearing 

process. Therefore, even though adjustment policies did not initiate the process, they 

perpetuated the previous trend of deforestation.

But these conclusions do not support the opposite extreme either: there is no reason, also, 

to assume that adjustment policies are necessarily against the environment. Indeed, it is 

quite difficult to discuss what would have happened if adjustment policies were not carried 

out (the counterfacmal baseline). Any generalization would not address the importance of 

specific social and institutional circumstances which are so important to the definition of 

the final results of adjustment programmes. This would involve not only the hypothetical 

environmental impacts, but also the economic and social consequences.

In this sense, an analogy can be established between the discussion about environmental 

consequences of adjustment programmes and the previous debate over the social impacts 

of the same polices. This debate resulted in important lessons for the implementation of 

economic reform programmes: after years of controversy, there is now a wide consensus 

that specific groups are more vulnerable to the economic changes, therefore deserving 

specific mitigation policies. This conclusion has been accepted by the World Bank and
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other development agencies, and social policies are currently an active part of the 

adjustment package' of measures.

The same principle should be applied to environmental issues. Instead of assuming that the 

situation would have been worse if no economic reforms were carried out, a much more 

positive approach is to propose specific environmental protection policies to the resources 

which are potentially threatened by the adjustment programmes. As in the case of the 

social mitigation policies, this would require a case-by-case analysis which should result in 

practical measures from the beginning of implementation of the adjustment programmes. 

It should not be restricted to a generic and purely rhetorical statement that 'the 

environment should deserve special attention' that is never converted into practical actions.

In the Brazilian case, specific policy suggestions are spelled out in chapters 5, 6 and 7. 

Chapter 5 showed that deforestation is linked to rural poverty and the distribution of land 

rights. In this way environmental impacts follow from the social consequences of 

adjustment. It is important to trace through the adjustment-economy-society links to get at 

the final environmental consequences. For example, corrective policies aiming at the 

clarification and enforcement of land property rights (reducing the supply of 'quasi-open' 

access land) should also consider the social factor, differentiating the claims of 

impoverished landless farmers from the claims of large projects and speculators. Specific 

instruments should be designed and enforced to punish turnover and selling of land granted 

in the name of social justice. The constitutional requirement of an ecological-economic 

zoning for the Amazon is another important step in the direction of a sustainable use of the 

Amazonian economic potential. The zoning should orient the application of incentives and 

public investment in the region but its implementation is well behind schedule. Therefore, 

the conclusion and implementation of the zoning procedures should receive maximum 

priority.

Chapter 6 showed that mineral depletion is related to the undervaluation of the resource 

scarcity rents. The existing legislation is based on a royalty tax which does not vary 

according to the availability of the resource. A possible improvement would be the use of
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user cost indicators to determine a system of royalty payments for each different mineral 

related to the 'true' cost of depletion (i.e. the risk of future scarcity). The issue of avoiding 

the undervaluation of mineral assets became even more important with the recent 

movement towards privatization of the state-owned mining companies, a subject not 

addressed in this thesis. An effective regulation system is needed to assure that recently 

privatised companies are properly compensating the Brazilian society for the future losses 

caused by present extraction of non-renewable resources.

Chapter 7 showed that an inefficient pollution control system did not control the expansion 

of pollution-intensive industries in Brazil. There is a huge potential for the establishment 

of economic instruments based on the polluter pays principle', to be combined with 

existing system of command-and-control instruments. However any effective improvement 

would require a significative institutional reform in the system of environmental protection 

agencies. This includes not only the allocation of human and financial resources to the 

pollution control agencies but also improvements in their coordination and participation at 

the government decision level. It should be noted that air and water pollution control is 

also important to social justice: those who "pay" the cost of pollution are mostly the poor 

who can't move from affected areas. "This is a reminder that the social inequality in Brazil 

also has its environmental face.

To summarize, this thesis suggests two broad conclusions. First, while the final outcome 

of structural adjustment may be positive or negative for the environment, a failure to 

integrate macroeconomic models with sustainability concerns has meant that existing 

'models' of structural adjustment have not been able to identify a fundamental potential 

inconsistency between the requirements of macroeconomic reform and resource 

conservation. Simply put, consumption of natural capital is likely to be one of the most 

flexible and effective responses to the requirements of adjustment policy.

The second conclusion is more familiar and concerns the need to design adjustment 

policies so that short-term dismption is at least partly offset by mitigating social and 

environmental policies. The extent to which this is possible will be limited by the basic
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short-long term trade-off identified above. But tliis balancing act is no more and no less 

complex than those employed daily in the conventional management of economic systems.
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