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Preface

As researchers and economists working at the Center for International
Forestry Research (CIFOR), we have been struck for some time by an apparent
contradiction. On the one hand, many of those in the development, environ-
mental and agricultural research communities firmly believe that better
agricultural technologies can save forests by producing more food on the
existing land area. On the other hand, basic economic theory suggests that
anything that makes agriculture more profitable should stimulate land
expansion and deforestation. Which view is correct? This book attempts to
answer that question.

In 1998, we completed a review of economic models of deforestation but it
failed to provide much insight into how technological change might affect
deforestation. Data problems had largely kept researchers from including
technological change in their analysis. When they did include it, they got
results that pointed in varying directions. The studies’ failure to specify what
type of technical change they were analysing and in what context it occurred
made a meaningful comparison practically impossible.

Therefore looking in more detail at the link between agricultural
technology and forest cover seemed like a perfect candidate for follow-up
research. It is important. We know surprisingly little about it. And lots of
myths surround the issue.

Our first task was to develop a theoretical framework that could help us
single out which factors to consider and formulate initial hypotheses. Next we
had to put together a number of case-studies and test the hypotheses. As
part of that process we held a workshop on the subject at Centro Agronémico
Tropical de Investigacion y Ensefianza (CATIE) in Turrialba, Costa Rica, on
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11-13 March 1999. Most of the case-studies included in this book were
presented during that workshop. We subsequently added those by de Jong,
Mather and Roebeling and Ruben.

A number of people have contributed along the way. At CIFOR, Jeff Sayer,
the Director General, gave his unconditional support to the project. Neil Byron,
Joyotee Smith and William Sunderlin participated in many of the discussions
leading up to this book. Joyotee, together with Stein Holden and Steve Vosti,
participated in laying out the workshop programme and writing the concept
paper. Julie Witcover served as a rapporteur during the workshop and
provided valuable inputs in the preparation of the introduction and summary
chapters. At CATIE, Marta E. Nunez and Miguel Caballero were invaluable
in facilitating the workshop. @ystein E. Berg prepared the index of the book.
Ambar Liano at CIFOR has provided excellent secretarial and administrative
services throughout the process.

We are also thankful to the participants at the workshop; they all
contributed substantively to the process and our understanding of the
technology—deforestation link. The reviewers of the chapters also deserve
credit, although the principle of anonymity prevents us from mentioning their
names.

The main contributors to this volume are the authors whose research
is presented here. We are grateful for the opportunity to work with all of
you. Hopefully both sides have benefited from the cooperation. Each and
every chapter has a unique story, and together they make this book the first
systematic review of the impact of agricultural technologies on tropical forests.

The Norwegian Ministry of Foreign Affairs sponsored the workshop and
the editorial and publication process. We are grateful for their financial
assistance. Without it this book would not have materialized.

Arild Angelsen and David Kaimowitz
As, Norway and San José, Costa Rica, June 2000
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Introduction: the Role of 1
Agricultural Technologies
in Tropical Deforestation

Arild Angelsen and David Kaimowitz

1. What Kind of World do we Live in?

Imagine a world where the demand for food and other agricultural products
is constant or increases regularly as populations and incomes grow. Land can
only be used for agriculture or forest. Then the only ways to keep more land in
forest are to increase agricultural yields, reduce population growth or depress
incomes. The amount of land devoted to agriculture equals the total demand
for agricultural products divided by the average yield (output per hectare).
Technological progress resulting in higher yields means less land in agricul-
ture and more in forest.

Now imagine another world. Farmers who live in this second world will do
anything they can to increase their profits. They can sell all the produce they
want for a fixed price and obtain all the land, labour and credit they need, also
for a fixed price. What will these farmers do if a profitable technological change
increases their yields or lowers their input costs? They will certainly cultivate
more land since farming has become more profitable. If agriculture and forest
are still the only possible land uses, forest cover will decline. Unlike in our first
world, technological progress leads to forest destruction.

Which world do we live in? Does technological progress in agriculture
protect or endanger tropical forests? Do we face a ‘win—win’ situation between
farmer incomes and food production on the one hand and forest conservation
on the other? Or is there a trade-off between the two?

This book attempts to answer these questions. The answers depend
heavily on the assumptions we make about type of technology, farmer
characteristics, market conditions, policy environment and agroecological
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conditions, among other things. Thus, the real question is when does
technological progress lead to greater or lower tropical deforestation? We
want to identify technologies and contexts that are likely to produce win-win
outcomes and help decision-makers that face serious trade-offs to make hard
choices.

The book contains cases from Latin America, sub-Saharan Africa and
South-East Asia, in addition to two studies on the historical experience
of developed countries in Europe and the USA. They cover a wide range of
technological changes (new crops, higher-yielding varieties, mechanization,
irrigation, fertilizers, pest control, etc.) in different agricultural systems
(shifting cultivation, permanent upland cultivation, irrigated farming or
lowland cultivation and cattle ranching). The comparative approach
permits us to distil the key conditioning factors in the technology—
deforestation link.

2. Policies Based on False Assumptions?

Higher agricultural production and forest conservation are both vital for
achieving sustainable development in poor countries. Most people understand
and appreciate the importance of higher agricultural production to improve
farmers’ well-being. For some time researchers have debated about what role
agriculture plays in economic development, but it is now widely recognized
that good agricultural performance is key for high economic growth (World
Bank, 1991). Growing evidence also supports the idea that agriculturally
driven growth reduces poverty and improves income distribution more than
industrially driven growth (Mellor, 1999).

At the same time, international concern about the adverse consequences
of tropical deforestation is also rising. Forest clearing contributes to climate
change, biodiversity loss, reduced timber supply, flooding, siltation and
soil degradation. This in turn affects economic activity and people’s
livelihoods. The Food and Agriculture Organization (FAO, 1997) estimates
that 12.7 million ha of tropical forest was lost each year during the first half
of the 1990s. In some cases deforestation is probably appropriate, in the
sense that the benefits are higher than the social costs. However, in many it
is not.

Current policies and institutional arrangements often lead to inappropri-
ate deforestation, in part due to false assumptions about the causal relations
that link the policies to forest clearing (for an elaboration, see Angelsen and
Kaimowitz, 1999). One such dubious assumption is that higher productivity
and better agricultural technologies will almost always benefit forest
conservation. This ‘win—win’ assumption has dominated recent policy debates
on agricultural technologies and deforestation. It is grounded in various
hypotheses, which we critically review below.
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2.1. The Borlaug hypothesis

By definition, average yield multiplied by area gives total production. Thus, if
we keep global food demand fixed, then higher average yield reduces agricul-
tural area, as in our first world discussed above. With food demand expected to
grow steadily over the next decades, one could argue that using new technolo-
gies to make agriculture more intensive is the only way to avoid rising pressure
on tropical forests. This sort of thinking recently led the former vice-president
of the World Bank to state that Central African agriculture needs 4% produc-
tivity growth annually to save the region’s rain forest (Serageldin, quoted in
Gockowski et al., 2000).

This line of reasoning also underlies the position that the Green Revolu-
tion has had a positive effect on forest cover. Green-Revolution enthusiasts
often stress that new varieties of rice, wheat and maize, combined with greater
use of fertilizers, irrigation and pesticides, helped save millions of hectares of
tropical forest. They argue that, without a Green Revolution, Asian countries
in particular would have had to expand their cropland to feed their population.
We refer to this argument as the Borlaug hypothesis, in recognition of the
key role that Norman Borlaug, the ‘father of the Green Revolution’, had in
promoting it.

The Borlaug hypothesis probably holds for aggregate food production at
the global level, at least as long as one assumes that no land uses exist except
forest and agricultural land. However, it is much less clear that it applies to
technological changes that affect specific products, particularly at the local
and regional levels. Technological change at the forest frontier often has
minimal impact on agricultural prices. Therefore, the increased profitability
effect may dominate and lead to greater agricultural expansion.

Perhaps more importantly, forest, cropland and pasture are not the only
land uses that exist. There are large areas of fallow, savannah, brush and other
land uses out there. This means that increases or decreases in cropland and
pasture may or may not lead to a corresponding change in forest cover. It may
simply be that more fallow gets put back into agricultural use or vice versa.

2.2. The subsistence hypothesis

The micro-level version of the Borlaug hypothesis is what we refer to as
the subsistence hypothesis. If one assumes that smallholder farmers: (i) live
close to the subsistence level of consumption; (ii) are primarily concerned with
meeting that subsistence target; (iii) only use family labour on their farms;
and (iv) have no alternative uses for that family labour, then technological
progress should reduce deforestation. Higher yields allow farmers to get their
subsistence income from a smaller area. In addition, if the new technology is
labour-intensive, the farmer will have to reduce the amount of land he or she
cultivates to adopt it.
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The subsistence hypothesis underlies many integrated conservation and
development projects (ICDP). Higher income from agriculture (or other activi-
ties) is supposed to reduce farmers’ need to encroach upon protected areas.
Similarly, the assumption that agroforestry — as a way of intensifying land use
— will limit conversion of primary forests to slash-and-burn agriculture has
been a key element of the Alternatives to Slash-and-Burn (ASB) programme
coordinated by the International Centre for Research on Agroforestry (ICRAF)
(ASB, 1994).

One can dispute the subsistence hypothesis on several accounts. Most
farmers probably do not exhibit the ‘limited wants’ or ‘full belly’ preferences
that the hypothesis assumes. They aspire to give their children a proper
education, buy a new bicycle or maybe a motorcycle, put a proper roof
over their head, etc. Thus, if a new technology presents fresh economic
opportunities, farmers are likely to expand their agricultural land unless their
labour and/or capital constraints keep them from doing so. Although they are
far from perfect, local labour markets exist. Farmers can usually sell some
labour off-farm and can hire labour. In addition, technologies that create new
economic opportunities can stimulate migration to forest frontiers, increasing
forest conversion. As the ASB-Indonesia programme has acknowledged in a
recent assessment of the issue:

It is naive to expect that productivity increases necessarily slow forest conversion
or improve the environment. Indeed quite the opposite is possible, since increased
productivity of forest-derived land uses also increases the opportunity costs of
conserving natural forests. These increased returns to investment can spur an
inflow of migrants or attract large-scale land developers and thereby accelerate
deforestation . . . ASB research in Indonesia has shown that land use change
normally involves tradeoffs between global environmental concerns and the
objectives of poverty alleviation and national development.

(Tomich et al., 2000)

2.3. The economic development hypothesis

The Borlaug hypothesis applies at the international or global (macro) level.
The subsistence hypothesis focuses on the household or village (micro) level.
We can also identify a third argument that links technological progress in
agriculture and forest conservation at the regional or national (meso)
level. The argument goes as follows. Higher productivity in agriculture — of
which improved technologies are a crucial element — contributes to economic
development and growth, which, in turn, is associated with other changes that
limit forest conversion. These include reduced poverty and population growth,
more and higher-paying off-farm jobs, increased demand for environmental
services and products from managed forests and higher government capacity
to enforce environmental regulations.
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This chain of causation provides the underlying rationale for the so-called
environmental Kuznets curve (EKC), which posits the existence of a bell-
shaped relation between income and environmental degradation. At early
stages of economic development, when per capita incomes are low, growth
exacerbates environmental problems, but eventually growth helps reduce
these problems. This idea is also linked to the forest transition hypothesis,
which suggests that the decline in forest cover will eventually level out as
countries develop and forest cover will slowly increase.

Again, we have a plausible positive link between technological progress
in agriculture and forest conservation. But does it pass the empirical test?
The historical experience of the developed countries provides some support
for the forest transition hypothesis. Nevertheless, most tropical forest-rich
countries are decades away from the inflection point. Economic growth in
these countries provides better infrastructure, which stimulates deforestation.
Reduced poverty might relax farmers’ labour and capital constraints, which
previously had effectively limited deforestation. Higher demand for agricul-
tural products stimulates agricultural encroachment. The political priorities
and weak administrative capacity of developing-country governments often
impede effective forest protection, which potentially could counterbalance
these effects. The limited statistical evidence on the EKC is also inconclusive
(Kaimowitz and Angelsen, 1998). For example, one recent study finds no
statistically significant relation between deforestation and per capita income
(Koop and Tole, 1999).

2.4. The land degradation—deforestation hypothesis

Many tropical farmers practise unsustainable farming methods. After a few
years of cultivation, loss of soil fertility and weed problems force them to move
on and clear additional forest somewhere else. While such shifting-cultivation
systems may be perfectly sustainable as long as population densities remain
low, when population rises these systems may degrade the natural resources.
New technologies can allow farmers to maintain productivity without degrad-
ing their resources. This, in turn, should reduce their need to abandon land
and clear additional forests to make new plots. Farmers may not want to use
land in an extensive fashion, but with their existing technology they have little
choice.

This volume provides several examples of situations where farmers clear
land, exploit it for several years and then move on to forest areas they had
not cleared previously. Farmers have good reasons for behaving like this.
Smallholders often have high discount rates and exhibit short time horizons,
which leads them to ignore the long-term effects of land degradation on
productivity. The economic context and government policies sometimes
make it difficult or costly to intensify their production in a sustainable fashion.
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For example, affordable inputs may not be available when farmers need them.
Lastly, as long as ‘unutilized’ potential farmland exists, farmers will generally
find it cheaper to expand the area under cultivation than to intensify. This is
one of Boserup’s (1965) main hypotheses. If given the choice, farmers will
expand into new areas before they intensify.

Another key question related to the land degradation—deforestation
hypothesis is the following: Does sustainable intensification stop — or at
least reduce — expansion and deforestation or will it accelerate deforestation
by making farming more profitable? In other words, is it a question of
intensification or expansion, or is the most likely outcome intensification and
expansion? Many chapters of this book address that question.

3. The Book’s Aims and Scope

3.1. Definitions of technological progress (change)

Technological progress (change) can be defined as an increase (change) in
total factor productivity (TFP), which is a key concept in economic theory. It
simply implies that farmers can produce more with the same inputs, or the
same output with fewer inputs. As long as prices remain constant, an increase
in TFP will increase profits.

Technological change should be distinguished from agricultural intensifi-
cation. The latter can be defined as higher input use (or output) per hectare.
Intensification and yield-increasing (land-saving) technological change
are related terms. But change in technologies may or may not lead to intensifi-
cation, and intensification can occur without any change in the underlying
technology.

Some types of new technologies are embodied in inputs and capital goods,
as in the case of improved seeds and fertilizers. Others are disembodied, which
means that they rely entirely on new management practices or information.
This volume discusses mostly embodied technological changes.

A crucial aspect of new technologies is their effect on how intensively
farmers use different factors of production (mainly labour, capital and land).
Do the per-hectare requirements of labour and other inputs increase or decline?
Technologies may be labour-saving, capital-intensive, and so on. In Chapter 2
we provide more precise definitions of each type of technological change.

Capital-intensive technological change takes various forms. For our
purposes it is critical to distinguish between those that save labour, such as
tools and draught animals, and those that save land, such as fertilizers. By
definition, the former reduce the amount of labour demanded per hectare. The
latter often have the opposite effect. How higher capital input use affects the
demand for labour depends on which of these two types of capital farmers
adopt.
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3.2. The key variables that determine how technological change affects
forests

The key question this book seeks to answer is how technological change in
agriculture affects tropical forest cover. Economic theory allows us to organize
the main arguments into a consistent framework and derive hypotheses that
can be empirically tested. Prior to the Costa Rica workshop mentioned in the
preface, we presented a list of hypotheses about the key conditioning factors
and asked the authors of the case-studies to address them. The main variables
that we hypothesized might affect how technological change influences forest
cover were the following:

1. Type of technology: labour and capital intensity, the type of capital involved
and the suitability of the technology for recently cleared forest areas.

2. Farmer characteristics: income and asset levels (poverty) and resource
constraints.

3. Output markets: farmers’ access to markets, the size and demand elasticity
of those markets and how they function.

4. Labour market: wage rates, ease of hiring in and hiring out and feasibility of
in- and out-migration.

5. Credit markets: availability and conditions (interest rate) of loans.

6. Property regime: security of property rights and how farmers acquire rights
to forest.

7. Agroecological conditions: quality of land (slope, soil, rainfall) and
accessibility.

In Chapter 2, we use economic theory to derive more explicit hypotheses about
how many of these factors can affect the rate of deforestation. In Chapter 21,
we summarize the empirical evidence from the case-studies for each of these
variables.

3.3. Isolating the technology—deforestation link

In the process of putting together this book, we have tried to stay focused on
the link between technology and deforestation. As much as possible, we have
avoided entering into a general discussion of the causes of deforestation or of
agricultural innovation in poor countries. We felt — and continue to feel — that
to say something new we had to maintain a narrow focus. There are neverthe-
less several caveats. One cannot understand the technology—deforestation link
without understanding the wider context. Indeed, it is precisely the interaction
between technology type, farmer characteristics and context that produces
particular forest outcomes.

Many factors influence the rate of deforestation. From an empirical per-
spective, it is hard to separate out the marginal effect of technological change.
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For example, an increase in the price of a crop suitable for frontier agriculture
will directly stimulate the crop’s expansion but may also indirectly promote
the use of new technologies for that crop. Conversely, new technologies might
induce changes in population patterns, infrastructure and policies, which all
influence deforestation.

For the most part, we have tried to take technological change and
adoption as exogenous and discuss what they imply for forest clearing. But it is
not easy to separate adoption from the effects of technological change. Farmers
must first adopt a technology before it can have an impact on forest. The theory
of induced technological innovation (Boserup, 1965; Hayami and Ruttan,
1985) tells us that researchers develop and farmers adopt technologies that
reflect the scarcity (price) of different factors. Forest frontiers tend to have
abundant land and scarce labour and capital. Thus farmers will generally pre-
fer technologies that save labour and capital rather than land. Labour-saving
technologies are more likely to augment the pressure on forest because they
free labour for expanding agriculture. Unfortunately, this means that the type
of technology frontier farmers are mostly likely to adopt is the one most likely
to increase forest clearing. If we think about it in these terms, we might say that
one of this book’s central themes is to explore under what circumstances
Boserup might be wrong. In other words, when might farmers be willing to
intensify even though they still have the option of expanding extensively?!

3.4. Sustainable agricultural intensification

The issues this book deals with form part of a broader agenda related to tropical
agriculture and sustainable development. That agenda is concerned with
finding ways to combine several objectives: (i) increased food production
and farmer incomes; (ii) equitable distribution of the resulting benefits; (iii)
minimal degradation of existing farmland; and (iv) minimal expansion of
agricultural land into natural forests.

The book focuses on (iv), although it pays attention to the trade-offs and
synergies between (iv) and the other objectives, particularly (i). While analysts
normally think of the negative environmental effects of agriculture in terms of
land degradation, they should not lose sight of the negative consequences
of forest clearing and forest degradation. There may be a trade-off between the
two types of effects. Extensive tree-based systems have low impacts on soil
erosion and fertility, but may have large impacts on primary forest cover.

The simple forest—non-forest dichotomy tends to sweep a lot of these
important issues under the carpet. As noted earlier, the real world includes
secondary forest (fallows) in shifting-cultivation systems, tree crops, agro-
forestry systems and other land use, all of which provide different levels of
environmental services. A number of chapters in this book touch on this issue.

Our focus on deforestation does not imply that this should be the sole
— or even dominant — criterion for assessing agricultural technologies. The
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question is not whether to promote technological change in tropical agri-
culture, but what type of change to promote. We firmly believe technological
progress in tropical agriculture is critical to increasing rural income,
improving food security and contributing in general to economic growth and
development. But we also believe the current rate of tropical deforestation is
too high.

4. Key Conclusions

Below we present the main conclusions and policy lessons that emerge from
the studies in this book. Chapters 21 and 22 elaborate these main ideas in
greater detail.

1. Trade-offs and win—lose between forest conservation and technological
progress in agriculture in areas near forests appear to be the rule rather than
the exception. However, win—win opportunities exist. By promoting appropri-
ate technologies and modifying the economic and political environment in
which farmers operate, policy-makers and other stakeholders can foster them.
2. New technologies are more likely to encourage deforestation when they
involve products with elastic demand (supply increases do not depress prices
much). This typically applies to export commodities. The stories of commodity
booms and deforestation are almost always about export crops. On the
contrary, higher supplies typically depress the price of products sold only in
local or regionalized markets rather rapidly. That dampens the expansionary
impact of the technological change and may even override it. But it also damp-
ens the growth in farmers’ income.

3. New technologies often create economic opportunities, which tend to
attract migrants. Otherwise agricultural expansion would inevitably bid up
local wages, which would choke off further expansion. Commodity booms can
only be sustained if there is a large pool of abundant cheap labour or the tech-
nology involved is very capital-intensive. Elastic product demand combined
with an elastic supply of labour provides optimal conditions for the introduc-
tion of new crops, leading to massive deforestation. On the other hand, when
productivity improvements in agriculture coincide with growing employment
opportunities in other sectors, the former may not stimulate forest conversion,
as demonstrated by the historical experience of the developed countries.

4. Most farmers operating at the forest frontier are capital- and labour-
constrained. Thus, the factor intensities of the new technology matter a lot.
Technologies that free labour may allow farmers to expand the area they
cultivate or release labour to migrate to the agricultural frontier. On the other
hand, labour-intensive technologies should limit the amount of family labour
available for land expansion and bid up local wages, therefore discouraging
deforestation. Since farmers are labour-constrained, we can — as a rule — expect
them to prefer labour-saving technologies. Thus, with some important excep-
tions, we are not likely to get the type of technological change that would save
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the forests. Even labour-constrained farmers may adopt labour-intensive
technologies if they are the only alternative available to produce certain
profitable or less risky crops or to achieve some other household objective.

5. Agricultural land expansion often requires capital to buy cattle or planting
material, hire labour or purchase other goods. Capital (credit) constraints can
therefore limit expansion. Technological progress should increase farmers’
ability to save and thus to invest in activities associated with deforestation.
Similarly, higher off-farm wages can provide farmers with the capital they
need to expand their operation, even though they increase the opportunity
costs of labour.

6. Technological progress in the more labour- and/or capital-intensive
sectors of agriculture, which are normally not close to the forest frontier, is
usually good for forest conservation. Technological progress in these more
intensive sectors shifts resources away from the frontier by bidding up wages
and/or lowering agricultural prices. There are exceptions. For example, the
new technology may displace labour and push it towards the agricultural
frontier or it may generate the funds farmers use to invest in forest conversion.
7. Smallholders normally maintain several production systems. Technologi-
cal progress in the more intensive systems may shift scarce resources away
from the extensive ones, thus reducing the overall demand for agricultural
land. But the increased surplus can also be used to invest further in the
expansive system (typically cattle), increasing land demand.

Some people may find the overall tone of this book overly pessimistic about
the feasibility of achieving win—win solutions. But we are convinced certain
trade-offs do exist and policy-makers must sometimes make hard choices.
Many policies that are good for agricultural development frequently promote
deforestation, including improving access to markets, credit, transportation
infrastructure and technologies (Kaimowitz and Angelsen, 1998; Angelsen
and Kaimowitz, 1999). Policy-makers can make better choices if they explic-
itly consider the existing trade-offs and alternatives. Sometimes, they can also
identify win—win solutions. In either case, decision-makers need to anticipate
the possible effects of promoting different types of technologies in various
contexts and cannot assume from the outset that the outcome will be win—win.
It is not a matter of slowing down agricultural intensification to save forests,
but rather of identifying technologies and intensification strategies that come
as near to win—-win as possible.

5. The Contributions

Chapter 2 provides a theoretical overview. After that, we have arranged the
chapters geographically. We start with two studies of the historical experience
in developed countries (Chapters 3 and 4), followed by eight chapters on Latin
America (5—-12), four on Africa (13-16) and four on Asia (17-20). Then come
a summary and a set of policy recommendations (Chapters 21 and 22).
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Arild Angelsen, Daan van Soest, David Kaimowitz and Erwin Bulte spell
out the theoretical framework in Chapter 2. First, they provide precise defini-
tions of technological change and classify technological change into different
types, based on their factor intensities. The theory discussion starts off with a
single farm household. Two key concepts for understanding how that house-
hold will respond to technological changes are economic incentives and con-
straints. The former relate to how new technologies influence the economic
return of different activities. The latter have to do with how the technologies
modify the labour and capital constraints that farmers face. Then, the chapter
shifts to the macro level and discusses how aggregate changes in output supply
and input demand affect prices, wages, migration and investment.

In Chapter 3, Alexander Mather examines the historical role of techno-
logical change in agriculture in Denmark, France and Switzerland. During
the 19th and 20th centuries, many European countries underwent a forest
transition: forest cover stopped declining and began to rise. New agricultural
technologies contributed to this transition. Together with improvements in the
transport network, they helped break the link between local population size
and agricultural area. Marginal land went back to forest. Nevertheless,
technological progress was only one of several radical societal changes that
took place and it is difficult to assess its specific contribution. Industrialization
created new urban jobs and stimulated a rural exodus. Coal replaced fuel wood
as the main source of energy supply. The state emerged as a legislative and
technical agent for environmental management.

Thomas Rudel provides a related story from the American South during
the period from 1935 to 1975 in Chapter 4. Yield increases in the more fertile
areas put farmers in more marginal areas out of business and their lands
reverted to forests. The type of technological change influenced the increase in
forest cover, since fertilizers and mechanization were both more suited to the
more productive lands. Even though mechanization displaced labour, it did
not promote deforestation because the expelled labour moved to the cities. In a
context of rising opportunity costs for labour, land degradation led to the
reforestation of marginal lands, which could no longer compete in agriculture.

In the first chapter on Latin America, Chapter 5, Andrea Cattaneo
presents a general equilibrium analysis of a wide range of technological
options for the Brazilian Amazon. An increase in TFP increases deforestation
nearly always in the short run and always in the long run. Labour-intensive
technologies for perennials reduce deforestation sharply. In annuals, this
occurs in the short run, but in the long run labour and capital migrate to the
Amazon to take advantage of the profits offered by the new technology and
the net result is more deforestation. Capital-intensive technological change
involving livestock and perennials lowers deforestation in the short run, since
farmers are capital-constrained. But in the long run deforestation greatly
increases. Cattaneo concludes that there are trade-offs between income
generation, food security, equity and deforestation. Technological change in
perennials is good for deforestation and equity, while livestock innovations are
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good for income and food security. Improvements in annual crops are not a
preferred choice for any of the objectives.

Livestock researchers in Latin America have argued for some time that
intensifying pasture systems can help reduce deforestation. Douglas White,
Federico Holmann, Sam Fujisaka, Keneth Reategui and Carlos Lascano
critically examine this claim in Chapter 6. Based on evidence from three
research sites in Peru, Colombia and Costa Rica, they conclude that it is not so
much that pasture technologies reduce deforestation but rather that forest
scarcity resulting from past deforestation encourages ranchers to adopt more
intensive pasture technologies. Forest scarcity drives up land prices, which
make intensive growth more attractive than extensive growth. The authors
conclude that research should focus less on how intensification affects
deforestation and more on finding ways to make deforestation and extensive
land use less attractive for farmers.

In Chapter 7, Stephen A. Vosti, Chantal Line Carpentier, Julie Witcover
and Judson F. Valentim provide a detailed study of farmers’ options for pasture
and cattle production systems in the western Brazilian Amazon. Using a
linear programming farm model, they find that many of the more intensive
production systems are attractive to farmers and they adopt them. However,
these more intensive systems will increase the pressure on remaining forest on
farmers’ land. The intensive systems are more profitable and the extra profits
help relax farmers’ capital constraints. Although the authors conclude that
improved pasture technologies are a win—lose rather than a win—win alterna-
tive, they note that policy-makers may be able to offer ranchers more profitable
livestock alternatives in return for a commitment to conserve their forest.

Peter Roebeling and Ruerd Ruben use a methodology similar to the
previous chapter in their study from the Atlantic zone of Costa Rica, presented
in Chapter 8. They compare the effectiveness of technological progress and
price policies in improving agricultural incomes and reducing deforestation.
Technological progress generally generates larger income effects than eco-
nomic policies and leads to similar levels of deforestation. Better pasture tech-
nologies stimulate deforestation on large farms, again suggesting a win—lose
situation. The authors are optimistic, however, that, with an appropriate mix
of policies, policy-makers should be able to simultaneously increase incomes
and reduce deforestation.

The next chapter (9), by Francisco Pichon, Catherine Marquette, Laura
Murphy and Richard Bilsborrow, describes the results from detailed household
surveys of smallholder settlers in the Ecuadorean Amazon. The adoption of
a labour-intensive crop, coffee, in a context where households are labour-
constrained has limited deforestation on most farms. Farmers grow coffee even
though it is labour-intensive and does not provide the highest immediate
income. Coffee has, however, a guaranteed market and low transportation
costs and is important for farmers’ long-term income security. Some farmers
have gone for systems involving greater forest clearing, usually based on cattle
raising. Farmers who obtain more capital as a result of productivity increases
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or improved access to credit usually invest it in cattle, which uses a lot of land
but little labour, or coffee, using hired labour. This implies a win—lose-type
situation, where the same factors that restrict farmers’ forest clearing also limit
their incomes.

Still in Ecuador but in a different context, Sven Wunder analyses the
banana booms in Chapter 10. The initial production systems farmers adopted
shortly after the Second World War used land in an extensive fashion and
required the farmers to frequently change locations. The technologies were
labour-intensive. But, rather than reducing deforestation, the expansion of
banana production stimulated massive in-migration, which was associated
with much greater forest clearing. Roads built for bananas opened new areas
to cultivation. During a second period, the introduction of the ‘Cavendish’
variety and mechanization made banana-growers demand less land and
labour. The fragility of the ‘Cavendish’ variety made frontier regions with poor
transportation infrastructure less suited for bananas. Stagnant banana
markets combined with higher yield reduced banana-related deforestation,
although the decline in employment on the banana plantations provoked
some forest loss, as unemployed banana workers began clearing forest to grow
other crops. The population shifts and infrastructure developed during the
initial boom had lasting effects, which carried on into later periods. From a
comparative perspective, the deforestation resulting from Ecuador’s banana
boom was probably less than would have occurred with similar booms of other
agricultural products, since bananas are comparatively higher-value crops
that require lots of labour and capital per hectare.

Soybeans in Brazil and Bolivia present us with a more recent commodity-
boom story. Over the past three decades, the new crop has had a profound
impact on land use, as David Kaimowitz and Joyotee Smith document in
Chapter 11. Brazilian farmers now plant almost 13 million ha of soybean, a
crop virtually unknown in that country 50 years ago. The production system
is very capital-intensive and uses much less labour than most alternative land
uses. In the Brazilian Cerrado and Santa Cruz, Bolivia, soybean cultivation
directly replaced the natural vegetation. In the Brazilian South, where it
mainly replaced other crops, soybean expansion displaced large numbers of
agricultural labourers and small farmers, who could not afford the high capital
costs. This induced a great push-migration to the frontier regions of the
Amazon and Cerrado. Kaimowitz and Smith also note that new soybean
technologies and policies favouring soybean expansion reinforced each other
and lifted production levels high enough to justify the creation of a massive
infrastructure of roads, processing facilities and input distribution outlets.
They also favoured the emergence of a powerful soybean lobby, which was
able to ensure long-term government support for the crop.

Shifting cultivators are the focus of many controversies. One relates to
their share of tropical deforestation. Another concerns how getting shifting
cultivators to adopt more intensive technologies might affect their land-use
patterns. In Chapter 12, David Yanggen and Thomas Reardon analyse how
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the introduction of kudzu-improved fallows affected the demand for forest by
shifting cultivators in Peru. Kudzu is a leguminous vine that speeds up soil
recuperation. This allows farmers to use shorter fallow periods, which in
principle should reduce their need for agricultural land. But kudzu also
saves labour and increases productivity, which pull in the opposite direction.
On balance, the authors’ household data show that kudzu induced a shift from
primary to secondary forest clearing, with a modest increase in total forest
clearing.

Beginning with Chapter 13, we move to Africa. Thomas Reardon and
Christopher Barrett discuss the challenge of sustainable agricultural
intensification (SAI), broadly defined as production systems that allow greater
production without depleting soil nutrients or otherwise degrading the natural
resources. Most farmers on the continent are intensifying without investing
enough in maintaining soil fertility. Such soil mining eventually leads them to
expand their production on to fragile lands. Reardon and Barrett argue that
economic liberalization in a context of poorly functioning markets has made
it more difficult for farmers to adopt an SAI path. In particular, reductions in
fertilizer subsidies and government credit programmes have induced farmers
to mine their soils and adopt more extensive agricultural systems.

The following chapter (14) looks at many of the same issues within the
specific context of northern Zambia. Stein Holden gives a historical treatment
of two major technological changes during the 20th century: the introduction
of cassava in the chitemene shifting-cultivation system and the adoption
of a more capital-intensive maize cultivation system. The chitemene system
required each household to clear significant amounts of forest, but market
imperfections limited total deforestation. The introduction of cassava
improved yields and increased the number of people agriculture could support
in the region. It also reduced labour requirements and made production less
risky. In the short run it reduced deforestation. But in the long run and in areas
with better market access it had the opposite effect, since it permitted higher
population densities and a surplus to sell to markets. In the 1970s, govern-
ment credit and price policies encouraged the adoption of hybrid maize, grown
with fertilizers. In the short run this reduced deforestation, as farmers cut back
their chitemene area. Holden notes, however, that the long-run outcome might
not be so favourable, since the fertilizers acidify the soils. Many farmers have
abandoned the maize—fertilizer system in response to structural adjustment
policies and gone back to chitemene systems, and deforestation has increased as
aresult.

In Chapter 15, Robin Reid, Philip Thornton and Russell Kruska review
how trypanosomosis, a major livestock disease, affects the African landscape
and how efforts to control it might change that landscape. Disease control can
encourage the use of animal traction, which permits farmers to cultivate about
twice as much land as cultivating with hand-hoes. Based on remote-sensing
data and other spatial data, the authors conclude that disease control
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encouraged agricultural expansion in the Ghibe valley in south-west Ethiopia,
their study area. People moved toward lower-elevation areas and cleared land
for cultivation near the rivers. But they also point out that many areas that
have trypanosomosis lack the conditions that might lead disease control to
induce significant deforestation.

Over the past four centuries, cocoa has moved from country to country,
constantly bringing deforestation in its path. In Chapter 16, Francois Ruf
reviews the two most recent touchdowns of the cocoa cyclone, Cote d’'Ivoire
and Sulawesi in Indonesia. It costs less to grow cocoa in recently cleared forest
than in old cocoa plantations. This and the ageing of the cocoa farmers after
several decades of cocoa boom provide the main driving forces behind the
continuous shifts in location. Farmers are only likely to find it worthwhile to
replant and intensify cocoa production once forest has become scarce. Thus,
like White et al., Ruf concludes that deforestation triggers technological
change. It is not just the other way around. The cocoa-boom story resembles
the banana-boom case, presented by Wunder, in several aspects: abundant
and accessible forest, a large reservoir of potential migrants and (expectations
about) rising prices. Ruf reviews several technological changes in cocoa culti-
vation in the two countries and shows how, in most cases, they encouraged
deforestation. He also argues that the adoption of green-revolution technolo-
gies in the lowlands of Sulawesi stimulated deforestation in the uplands by
displacing labour and providing investment capital for cocoa expansion.

This upland-lowland dichotomy is central in Asian agriculture. In
Chapter 17, Sisira Jayasuriya uses a trade-theoretic analysis to discuss how
the two sectors interact. He systematically reviews what impact various
technological changes in either of the sectors will have on upland deforestation
in situations with fixed and endogenous prices, with and without migration,
with capital- and labour-intensive technologies, with distinct types of property
rights and with different upland-crop income elasticities. Jayasuriya argues
that improving the productivity of crops like rubber, tea, oil-palm and coffee,
which compete for land with forest, will aggravate deforestation. The Green
Revolution in wet-rice agriculture, which depressed real food prices and
increased agricultural employment, may have had a significant pro-forestry
effect. However, one cannot assume that low lowland food prices will always
have a benign effect on forests. Lower food prices raise incomes and that can
stimulate demand for upland products, such as vegetables, and actually
increase deforestation.

Chapter 18 provides a concrete example of favourable lowland—upland
interactions. Gerald Shively and Elmer Martinez use farm-level data to docu-
ment how technological change in lowland agriculture in Palawan, Philip-
pines, gave a win—win outcome. Irrigation investments reduced the amount
of labour required per hectare during each cropping season but increased
the number of crops per year, leading to higher overall labour demand. This
resulted in more job opportunities and higher wages for upland households,
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who responded by reducing the amount of land they cleared by almost half.
The households cut back mostly on cash-crop (maize) production, rather than
subsistence-crop (rice) cultivation, which remained practically constant.

In Chapter 19, Ian Coxhead, Gerald Shively and Xiaobing Shuai analyse
the implications of technology changes in maize and vegetable production
in Mindanao, the Philippines, in the broader context of agricultural and
macroeconomic policies. The authors discuss how changes in the level and
variability of yields and prices determine cultivated area. Reducing the
variability of maize yields reduces total area, presumably because farmers no
longer have to cultivate so much maize to guarantee food security (a kind of
‘full belly’ effect). Reducing vegetable-crop yields has no effect on total areas or
may even have the opposite effect. Improvements in technology do not induce
farmers to increase their area in vegetable areas, in part because they are
credit- and labour-constrained. They cannot hire outside labour for vegetables,
because the crop requires special skills and high-quality care.

The last case-study in the volume is by Wil de Jong. In Chapter 20, he deals
with the impact of rubber on the forest landscape in Borneo (Indonesia and
Malaysia). Although many associate rubber with deforestation, de Jong finds
that the crop contributed little to encroachment into primary forest in his
study areas. In fact, it encouraged farmers to restore agroforests in certain
areas, since the typical rubber production system combines planted rubber
with natural regeneration. The fact that the study areas were isolated areas
with low migration contributed to this outcome. In addition, farmers had
a reservoir of old fallow land where they could plant rubber, and local
authorities and the national government restricted forest conversion. In
locations with other characteristics, introducing rubber might have led to
arather different outcome.

Chapter 21 summarizes the key insights from the above case-studies.
First, it discusses the technology—deforestation link in six different types of
cases: developed countries, commodity booms, shifting cultivation, permanent
upland (rain-fed) agriculture, irrigated (lowland) agriculture and cattle
production. Next, it returns to the hypotheses presented in section 3.2 and
Chapter 2, and discusses the key conditioning factors in the technology—
deforestation link. A number of factors determine the outcome. Among these,
labour-market effects and migration are critical in a majority of the cases.
Another critical effect is that new technologies can help relax farmers’ capital
constraints, which may lead to higher or lower deforestation, depending on
how they invest their additional funds.

Chapter 22 offers policy recommendations. It presents some typical
win-win and win-lose situations. It also relates the issues this volume
discusses with the current trend towards greater economic liberalization and
globalization and with the overall policy objectives of poverty reduction and
economic growth.
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Note

1  To be fair, Boserup (1965, 1981) acknowledged that population growth (land
scarcity) is not the only factor that drives technological progress and intensification.
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Technological Change and 2
Deforestation: a Theoretical
Overview

Arild Angelsen, Daan van Soest, David
Kaimowitz and Erwin Bulte

1. Introduction!

This book seeks to answer the question: ‘Does technological progress in
tropical agriculture boost or limit deforestation?” Theory alone provides few
unambiguous answers. But it can sort out the main arguments, structure
the discussion and provide testable hypotheses. This chapter sets out basic
economic theories relevant to the book’s central question.

The first step in any scientific discussion is to define the key terms. In our
case, the terms ‘technological change’, ‘technological progress’ and ‘intensifi-
cation’ and the terms used to describe various technologies lend themselves to
a certain degree of confusion. Thus, before going into the theories themselves,
section 2 provides basic definitions and classifies technologies based on factor
intensities. Factor intensities are critical to determining how new technologies
affect forest clearing when farmers are labour- and/or capital-constrained, as
is often the case.

Section 3 explores how farm households make decisions about clearing
forest and how technological change affects those decisions. This constitutes
the microeconomic part of our story and our discussion draws from the rich
literature on agricultural household models. This literature suggests that
whether or not technological progress reduces deforestation will depend on the
constraints farmers face, the market conditions and the type of technology
involved.

The next step is to look at the aggregate effects of all farmers’ decisions,
sometimes referred to as the general equilibrium effects. This provides the
macroeconomic part of the story, which we present in section 4. We take into

OCAB International 2001. Agricultural Technologies and Tropical Deforestation
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account that technological change might alter prices and wages and induce
migration. In other words, certain variables that are fixed at the household
level are endogenous when we consider the agricultural sector as a whole and
the interaction between this and other sectors.

Other chapters in this book deepen and extend our discussion of the
relevant theories. Reardon and Barrett, Shively and Martinez, and Yanggen
and Reardon use models similar to those presented in this chapter. Holden,
Roebeling and Ruben, and Vosti et al. use farm programming models to test
empirically some of the hypotheses we derive. Cattaneo and Jayasuriya exten-
sively discuss general equilibrium effects. Coxhead et al. deal with the issue of
risk, which this chapter does not deal with much. Kaimowitz and Smith discuss
another issue that we ignore here, namely the economics of scale.

2. Defining Technological Change?

One can approach technological change or technological progress in agricul-
ture from different angles. Economic theory normally defines technological
progress as an increase in total factor productivity (TFP). This implies that
farmers produce more physical output with the same amount of physical
inputs or, conversely, the same output with fewer inputs. Others define
technological progress as any change in the production process that increases
net profit. This definition partly overlaps with the previous one. As long as
prices remain constant, an increase in TFP will increase profits.

New technologies take various forms. They may be embodied in inputs
and capital goods, as in the case of improved seeds and fertilizers, or they can
be disembodied, which means that they rely entirely on new management
practices or information. Analysts often describe the impact of new technolo-
gies, embodied or otherwise, in terms of how intensely they use various inputs
(mainly labour, capital and land). Thus, technologies may be labour-saving,
capital-intensive, and so on. At times, the exact meaning of these terms
appears convoluted, so we shall explain how we use them in this text.

The most intuitive approach is to start with a situation where farmers
must use a fixed proportion of inputs to produce their output. They cannot
substitute labour for land, capital for labour, or any other factor for another
factor. Economists refer to such situations by saying that farmers have
Leontief-type technologies. Equation (1) gives the amount of output, Y, they
can produce using the inputs labour (L), land (H) and capital (K):3

Y = min[L, H, K] (1)

This functional form rules out substitution between inputs. One can think
about a Leontief situation as a recipe. To produce a cake, you need a fixed
amount of eggs, flour, milk and appliances. Two ovens cannot make up for a
lack of milk, you cannot substitute flour for eggs, etc. The Leontief production
function undoubtedly oversimplifies the situation. In real life, farmers can, to
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a certain extent, substitute between inputs. For example, they can apply
herbicides or do the weeding by hand. Even so, the insights and definitions
from the simple Leontief case apply to more general formulations.

One can define factor (input) intensities in relation to output or other
factors of production. Most chapters in this book use definitions that refer to
the amount of labour or capital per unit of land (H). Hence, y, I and k denote
output, labour and capital per hectare, respectively, and by dividing by H we
can write equation (1) as:

y = min[], k] (2)

Table 2.1 classifies technologies based on the change in physical yield
and factor intensities. A labour-intensive technology increases labour input
per hectare, whereas a labour-saving technology has the opposite effect.
Similarly, a capital-intensive technology increases capital inputs per hectare
and a capital-saving technology reduces them. A labour-saving technology
may increase or decrease yield, but farmers will only adopt it if it increases their
profits (recall the definition of TFP). Falling labour costs should more than
compensate for any possible fall in output or revenues. New technologies can
be both labour- and capital-intensive. One such example would be a fertilizer
technology that increases both the use of the capital input (fertilizer) and
the need for weeding (labour). Pure yield-increasing technologies raise yields
without altering the labour and capital requirements per hectare. Economists
also call these labour- and capital-neutral technologies, also referred to as
Hicks neutral technologies.

Some analysts use the term land-saving to describe technologies. But, once
we measure inputs per unit of land, the concept becomes meaningless. The
term yield-increasing technologies captures much of what these analysts are
referring to. Unlike pure yield-increasing technologies, simply calling some-
thing a yield-increasing technology may or may not imply higher input use.*

The most widely used alternative to measuring factor intensities in terms
of units of land is to measure them in terms of output.> Dividing through by Y
in equation (1), we get:

Table 2.1. Classification of technologies based on change in yield and factor
intensities.

Type of technology Yield (y) Labour per ha (/)  Capital per ha (k)

Labour-intensive

Labour-saving

Capital-intensive

Capital-saving

Pure yield-increasing
(Hicks neutral)

Yield-increasing and input- + + +
intensive (‘land-saving’)

+ o~ 4+ ~ +
[ N I I
S|+ ~N~
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1 =min[I¥, h¥, kY] (3)

The coefficients inside the brackets refer to the minimum amount of each input
needed to produce one unit of the output. The term ‘land-saving technology’
now makes perfect sense. It is a technology that reduces hY. Similarly, the new
meaning of labour and capital intensity becomes ¥ and kY. The term
yield-increasing technological progress loses its meaning. In the remainder of
this chapter, we define labour and capital intensities in terms of input per
hectare (we use equation (2) rather than equation (3)).

Capital-intensive technological change can take various forms. For our
purposes, it is critical to distinguish between two categories of capital-intensive
technological change, those that save labour, such as tools and draught
animals, and those that save land, such as fertilizers. By definition, the former
reduce the amount of labour demanded per hectare. The latter often have the
opposite effect. Thus, how higher capital input use affects the demand for
labour depends on which type of capital farmers adopt. Below we show that
this greatly influences how technological change will affect deforestation.

Many people associate the concept of technological change with that
of agricultural intensification, which they understand to mean higher
input use (or output) per hectare.® Intensification therefore relates to the
terms yield-increasing and land-saving technological change. None the less,
technological change and agricultural intensification are not synonymous.
Change in technologies may or may not imply intensification. Intensification
can occur without any change in the underlying technology (in economic
jargon: without any change in the production function).

Where do new technologies originate? In some cases, outside development
or extension agencies generate and introduce new technologies. In other
cases, the technologies arise ‘spontaneously’ within the rural communities
themselves. Such ‘spontaneous’ technological changes often respond to
changes in the context. For example, changes in population density may
trigger the search for land-saving technologies, as initially hypothesized
by Boserup (1965). Similarly, changes in relative prices may induce techno-
logical change, as farmers find ways to switch from expensive inputs to
cheaper ones or to introduce more valuable crops.

So far, the discussion may seem to suggest that farmers produce only a
single output. In reality, farmers often produce multiple outputs, including
annual crops, tree crops, livestock products and processed goods, and they
use more than one production or land-use system to produce these outputs.
This has implications for our definition of technological progress. When we
define technological progress and TFP at the farm level, this will include:
(i) technological progress for a particular crop and/or production system;
(ii) the introduction of a new crop and/or production system (technology) with
higher TFP; and (iii) a shift in farm inputs towards crops/systems with higher
TFP. In all three cases TFP at the farm level increases, and therefore they
qualify as technological progress.
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3. Farm-level Effects

Farmers respond to economic opportunities. They allocate their scarce
resources (land, labour and capital) to meet their objectives. These objectives
include things like ensuring family survival, maximizing income or
minimizing risk. Available technology, assets, market conditions, land tenure
and other factors constrain the choices farmers have available. Technological
change may modify these constraints and provide incentives that encourage
farmers to allocate their resources in a different manner. Two key concepts
to understand farmers’ response to technological change are therefore
constraints and economic incentives.

To analyse how farmers may change their land use in response to
technological changes, we start with the analytically simplest case, where
farmers are integrated into perfect output and input markets.” Even though
this is rather unrealistic at the forest margin, it is a useful starting-point. After
analysing this simple case, we then introduce market imperfections, labour
and capital constraints, farms with multiple outputs and dynamic wealth and
investment effects that affect the capital constraint.

3.1. The perfect market case

Consider a farm household that produces one commodity with a fixed-input
(Leontief) technology. Labour, capital and output per hectare are all fixed.
Land is abundant (i.e. its price equals zero) and agricultural expansion takes
place in ‘empty’ forest. When farmers move inputs and outputs between a
village and the field, they incur transport costs. Thus, land rent diminishes as
you move further from the village centre.

Given these assumptions, we can use a von Thiinen approach to deter-
mine how far the agricultural frontier advances. The frontier will expand until
the net profit or land rent is zero.

r=py-wl-gk-vd=20 (4)

Equation (4) shows the variables that influence land rent and hence the limits
of the agricultural frontier. Output price (p), yield (y), wage rates (w), per-
hectare labour requirements (I), the price of capital (g), per-hectare capital
requirements (k), transport costs per km (v) and distance in km (d) determine
the land rent per hectare (r). The outer limit of agriculture is the distance d*,
where the land rent is zero. This agricultural frontier determines the total
amount of land in production. Figure 2.1 presents land rent as a function of
distance (the rent gradient).

This simple model can represent several types of technological change
(see Table 2.1). As long as markets are perfect, the type of technological
change will not affect the qualitative results. All types of technological progress
increase the rent at any given distance (the rent gradient shifts upward) and
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Fig. 2.1. The agricultural frontier.

promote the expansion of the agricultural frontier. Thus, with perfect markets,
technological progress unambiguously stimulates deforestation.

The perfect-market model provides an important insight. Technological
progress in frontier agriculture makes it more profitable and therefore leads
farmers to expand into forests. Although this conclusion is based on stylized
and unrealistic assumptions, one should not simply discount it, since, to one
degree or another, it also applies to the more realistic models presented below.
Several of the cases discussed in this book demonstrate that, even though the
real world is much more complex, this simple prediction is often borne out in
real life. When technological change makes agriculture at the frontier more
profitable, deforestation increases.

3.2. The constrained farm household

In the previous subsection, we assumed that no transaction costs keep farmers
from trading freely in any market. In practice, transaction costs may be so high
that farmers decide it is not worth their while to participate in certain markets
(Sadoulet and de Janvry, 1995). This means that, de facto, those markets
do not exist for some households. Peasant households may also not face a
complete set of markets for other reasons, such as the inability to share risks.

The absence of certain markets has important consequences for how
households are likely to respond to technological changes. One commonly
missing market is the labour market. Family labour often has few alternative
uses outside the farm and many households cannot afford to hire labour. Thus,
they must rely entirely on family labour. In such circumstances, the amount of
labour the family has available will limit how much land it can use. Assuming
that the maximum labour input the family has access to is LS, we get:

LP=L&H<LS (5)
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LPis the demand for labour on the farm. The greater the distance (i.e. the larger
the total cultivated area) and the higher the labour intensity (I), the more
labour the farmer will demand. If the labour constraint is binding, equation (5)
will determine the boundaries of the agricultural frontier, not equation (4).
The vertical line in Fig. 2.1 illustrates this case. Under these circumstances, the
forest frontier will be at d, instead of d*.

Capital constraints can also affect the relation between technological
change and deforestation. The availability of capital (K%) can constrain the
expansion of the agricultural frontier, and can be modelled as follows:

KP = K(d:k) < KS (6)

When farmers’ limited access to labour and/or capital constrains their ability
to expand their area, the type of technological change will influence how
technological change affects deforestation. For example, when households
have a limited amount of capital (K5) at their disposal, the only way they can
adopt a new capital-intensive technology is if they reduce their cultivated area.
More generally, technological changes that allow farmers to use less of their
scarce factor will boost deforestation. Innovations that are intensive in the
scarce factor will reduce deforestation.

Adding more realistic features to the model may modify these results. For
example, we have assumed that farmers cannot substitute between different
inputs. However, in reality, farmers may find ways to relax their capital
constraint by substituting labour for capital. If they do, the new technology
will not necessarily reduce deforestation. The new capital-intensive technol-
ogy may also help the farmers become eligible for credit or persuade them to
request more credit, thus removing their capital constraint and allowing them
to expand their area.

Equally important is the fact that the profits farmers obtain in previous
periods largely determine their access to capital in the current period. We
would expect any technological progress that improves farmers’ profits to relax
their future cash constraints. Technological changes may provide the funds
farmers need to expand. Hence, thanks to technological change, farmers who
initially behaved as if they were credit-constrained may accumulate capital
over time and start behaving more like unconstrained profit-maximizers
(Holden, 1998).

The utility-maximizing household

Households’ well-being does not only depend on how much food and other
goods they consume. People also need leisure. Households choose the number
of hours they work based on the returns to labour and the pleasure they derive
from pursuing other activities. Therefore, labour supply is not fixed, although
the total amount of available time is. In mathematical terms, the household’s
time constraint is:
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IP=L(d:])<LS= LT - ¢k (7)

where LT is the total amount of time the household has available and ¢ is the
time it dedicates to non-production activities. In such settings, the situation
portrayed in Fig. 2.1 is no longer straightforward. Consider the case of pure
yield-increasing technological change. If y goes up, it will have (contradictory)
effects on the amount of time farmers spend working in their fields. On the one
hand, technological progress increases the returns to labour. This encourages
households to work more and take less leisure. In other words, if the rent
function in Fig. 2.1 shifts outwards, the household has an incentive to supply
more labour, thus shifting d- to the right. This is the so-called substitution
effect. On the other hand, technological progress makes our household richer.
We can expect it to use some of its additional income to take more leisure time.
As long as the household cannot hire labour, to consume more leisure it
must work fewer hours. Technological progress may thus decrease the labour
supply, shifting d to the left. This is the income effect. Depending on which of
the two effects dominates, technological progress may increase or decrease
deforestation.

The opposite of the perfect-market model is the subsistence (or full-belly)
model, based on what we called the subsistence hypothesis in Chapter 1. Here
the crucial assumption is that people seek a predefined fixed level of material
well-being and have little interest in going beyond that level. As soon as a
household achieves this level, the household will turn to leisure or other
non-production activities. Any yield-increasing technological progress will
then unambiguously benefit forest conservation. As the rent function in Fig.
2.1 shifts upward, the household will be able to achieve the same amount of
income using less labour, capital and land. Thus, the supply of labour simply
decreases in response to technological progress. In this case, there is no conflict
between the welfare and conservation objectives. Although the subsistence
model may accurately describe the individual farmer’s response to technologi-
cal change in certain circumstances, there is little evidence to suggest that the
model applies at the aggregate level (Holden et al., 1998; Angelsen, 1999a).

In summary, if farmers face a set of perfect markets, technological change
will spur deforestation. When farmers are labour (capital)-constrained, as is
often the case at the forest margin, labour (capital)-saving technological
progress will probably lead to more deforestation. Labour- and/or capital-
intensive technological progress will lead to less deforestation, unless the con-
straints are ‘soft’ and/or there is a large ‘investment’ effect (i.e. higher profits
relax future capital constraints). Technological change affects household
income and this may affect the amount of labour they supply.

3.3. Intensive and extensive production systems at the household level

In this section, we extend our discussion to situations where farms maintain
two production systems: one intensive and one extensive. The former has
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higher yield and labour and capital intensities than the latter. This allows us
to capture how shifts between intensive and extensive systems provoked by
technological change determine the overall demand for agricultural land.
Farmers choose to engage in more than one production system for several rea-
sons. These include: risk spreading, distributing seasonal labour requirements,
the gender division of labour, the desire for self-sufficiency, the presence of
multiple soil types, production systems that correspond to various stages in a
land-use cycle and distinct transport costs, depending on the location of
the crop or pasture. Below we use the transport-cost argument to explain the
coexistence of intensive and extensive farming systems, although we could
have used some of the other factors.

Figure 2.2 illustrates the land rents of the two production systems, again
inspired by von Thiinen. Our farmer will locate the intensive system closer to
the centre (village) and the extensive system between the intensive system and
the forest.®

We can now distinguish between the intensive (di) and extensive (d°)
frontiers. To those interested in conserving natural forests, the extensive
frontier is the most relevant. It is worth emphasizing, though, that in real life
many extensive systems are based on tree crops and provide some of the same
environmental services as natural forests.

Aslong as we have perfect markets, technological change in the intensive
sector will not affect the extensive frontier. Farmers treat the two systems as
separate activities and make their decisions about how to maximize their
profits in each system without taking into account the other system. Perfect
markets imply that the two systems do not compete with each other for inputs.
Farmers use each input up to the point where marginal revenues equal
marginal cost. In the case of the extensive sector, the results from section 3.1
directly apply. Technological change will promote deforestation.

More interesting results emerge when farmers face constraints and have
to allocate a fixed amount of labour and/or capital between the two systems.
Consider first technological change within the extensive production system.

rent

Land rent in intensive system

= p distance
o a* T

Fig. 2.2. Intensive and extensive frontiers.
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Capital- and labour-saving technological change will still increase demand for
land, thus spurring deforestation. But the effect will be even stronger because
farmers can shift labour and capital from intensive to extensive cultivation.
The fact that farmers can shift resources between the intensive and extensive
systems implies that labour- or capital-neutral technological progress will
also encourage deforestation. Capital- and/or labour-intensive technological
changes have ambiguous effect, but — unlike in the case of one production
system — they may lead to more deforestation. The net effect depends on the
initial size of the two sectors, the difference in capital and/or labour
requirements and the increase in capital and/or labour requirements following
the technological change.

As long as farmers are resource-constrained, labour (or capital)-intensive
or neutral technological progress in the intensive system will contract
the extensive frontier. Farmers will divert their scarce labour and capital
away from the extensive system and into the intensive system. Labour (or
capital)-saving technological progress has two contradictory effects on the
extensive frontier. It will shift resources to the intensive sector, but it also frees
labour. In one analytical model, assessed by Angelsen (1999b), the first effect
always dominates. Labour-saving technological progress in the intensive
sector reduces the overall demand for land. To what extent one can generalize
these results, however, remains uncertain.

If one takes into account the dynamic interactions between the two
sectors, one can obtain rather different results. Technological progress in the
intensive sector can serve as a source of capital that farmers use to expand
the extensive sector. In other words, increased profits in intensive agriculture
can relax the capital constraint and allow farmers to invest more in activities
involving forest clearing (see Ruf, Chapter 16, this volume).

Including these dynamic interactions also leads to ambiguous results with
regard to the impact of off-farm income opportunities. In the unconstrained
world, off-farm opportunities increase the opportunity cost of labour. That
makes land expansion more expensive and causes the agricultural frontier to
contract. But farmers can also use increased wage earnings to invest more in
hiring labour to clear forest, purchasing more cattle and similar activities (see
Vosti et al., Chapter 7, this volume).

At least four important lessons emerge from this brief discussion. First, the
effect of technological progress on deforestation greatly depends on which
agricultural subsector the technological progress occurs in. Secondly, if
farmers can switch between different systems, technological change will affect
overall land demand much more than in situations with only one production
system. Thirdly, in multiple production-system contexts, even labour- and/or
capital-intensive technological progress in the extensive system may lead
to more deforestation, because of the opportunity to shift resources to the
frontier. Fourthly, dynamic investment effects resulting from higher farm
income due to technological change in any system (or due to off-farm income
increases) can increase the pressure on forests.



Technological Change and Deforestation 29

4. Macroanalysis: General Equilibrium Effects

The previous section focused on the individual household’s response to
changes in technological parameters and prices. However, technological
progress is unlikely to involve only one household. And, if a large number of
households adopt the new technologies, this will have economic repercussions
beyond those envisioned in section 3. These macroeconomic effects can either
diminish or enlarge the microeconomic impact discussed in section 3. We can
identify two major types of macroeconomic effects. The first operates through
changes in the number of households living in the forest area — i.e. through
migration to or from the extensive margin. The second works via changes in
prices.

4.1. Migration

The impact of technological progress on deforestation depends on the number
of agricultural households at the extensive margin, since that will determine
to what extent aggregate labour supply constrains agricultural expansion.
Typically, people compare the level of well-being that they can expect in
different regions and choose to live where they will do best. To analyse this
type of decision, we assume there are two regions, uplands and lowlands, and
that the expected per capita income in each region declines as the number of
people in the region rises.? People will migrate from one region to another until
each region has the same level of per capita income, as illustrated by point L; in
Fig. 2.3. The length of the box is total population.!©

Technologies influence the location of the curves. Consider first a
technology that only functions in so-called traditional lowland agricultural

Expected lowland income Expected upland income

Lowland pepulation —» |_:c |_:1 +— Upland population

Fig. 2.3. Migration between lowland and upland.
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areas, and not at the extensive margin in the uplands, where the forests are.
The technology may only apply to the lowlands because it can only be used in
certain types of soils or requires good access to markets or other institutions, or
for some similar reason. Introducing a technology like this shifts the lowland
income curve upward, thus reducing upland population and deforestation.
Creating attractive economic opportunities outside the uplands, either in
agriculture or elsewhere, is therefore an important tool for securing forest
conservation.

Now consider a technological change that applies to upland regions, but
not elsewhere. The dotted line in Fig. 2.3, where L, is the new equilibrium,
reflects this. Since the technological change makes upland agriculture more
attractive, compared with activities in the lowlands, people migrate to the
uplands (from L; to L,). Possible reasons why the change may occur only in
the uplands are that the cultivation of the crop enjoys a forest rent or that the
region has specialized in certain crops due to its comparative advantage.

To determine the aggregate effect of technological change on deforesta-
tion, we can multiply the per-household effect (section 3) by the number of
households living at the margin. Once one takes into account the potential of
technological change to attract additional households to the forest margins,
the risk that technological changes can increase deforestation generally
increases substantially.

The shape of the two curves in Fig. 2.3 strongly influences the magnitude
of the impact of technological change. The level of lowland incomes directly
determines upland labour supply, so the lowland income curve and the upland
labour supply curve are the same thing. If the curve is flat (i.e. upland labour
supply is elastic), new upland technologies will have large effects and many
potential migrants will move to the forest in response to the new economic
opportunities. Similarly, we can consider the upland income curve to be the
labour demand curve. A flat curve implies that the uplands can absorb a lot of
migrants without exhausting the economic opportunities — in part, perhaps,
because forests are abundant. Thus, when both curves are flat (migration
keeps labour constraints from emerging and forests abound), the conditions
are ideal for technological change in the uplands to provoke massive forest
clearing. The commodity booms discussed in this book by Wunder (Chapter
10) and Ruf (Chapter 16) provide good examples of such situations.

4.2. Endogenous prices

The second main macroeconomic feedback mechanism operates via
price changes. These include both output and input prices (including
wages, although the previous section indirectly dealt with wage changes).
If innovations substantially increase the supply of agricultural output (and
possibly greatly increase the demand for labour), output prices may go down
while wages and other input prices may rise.
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We can decompose the price effect into two elements: (i) how sensitive
market prices are to changes in supply (the demand elasticity); and (ii) how
much supply increases in relation to the size of the market. The relative
increase in production in the region affected by the technological change and
the region’s market share determine the latter.

Based on this, we can distinguish between agricultural outputs destined
mostly for domestic markets, such as subsistence food crops, e.g. maize and
cassava, and products sold in international markets, such as banana, rubber,
coffee and cocoa. With respect to the latter, in many cases, no matter how
much technological change increases yields in a country, the aggregate effect
will not be large enough to influence world prices. Although there are excep-
tions, most individual countries face a horizontal demand curve for export
crops. Hence, the assumption of fixed prices for agricultural crops, underlying
the micromodels in section 3, still largely holds when it comes to export crops.
However, substantial increases in the supply of crops produced for the domes-
tic market will exert strong downward pressure on prices, since the demand
curve in these cases can be quite steep (in other words, demand is inelastic).

Depending on whether the increase in agricultural productivity
outweighs the price decline induced by the rise in aggregate supply, revenues
may go up or down in the individual households. If technological progress
affects crops whose price is not very sensitive to changes in supply (as is the
case for most export crops), the increase in productivity will generally exceed
the price decrease, so agricultural activities will expand at the expense of
forests. On the other hand, if agricultural prices are quite sensitive to changes
in supply, the price decrease may outweigh the productivity increase. The liter-
ature refers to this latter situation as a treadmill. The more farmers produce,
the less they earn, and hence the less incentive they have to clear additional
forest (at least as long as the income effect is not dominant (see section 3.2)).

Technological progress may be region-specific, benefiting some producers
but not others. If agricultural productivity rises outside the forest region and
farmers both in and out of the forest region produce the same crop and sell it in
the same market, which has downward-sloping demand, deforestation should
decrease. Frontier farmers will receive lower prices, even though they did not
benefit from the innovation, which makes them worse off. This will induce
households to move away from the frontier and, as long as they face perfect
markets, households will produce less than they otherwise would. Households
in imperfect market situations may produce more or less, depending on the
magnitude of the income and substitution effects.

Thus far, we have ignored the role of factor prices. Given that developing-
country agriculture tends to be rather labour-intensive, wages may play
an important role. As long as the labour supply is not perfectly elastic (for
example, because the labour force is fixed), increasing the demand for labour
will bid up wages. Thus, if technological progress generates additional
employment, wages will go up and this may discourage forest clearing. In
alternative specifications, land and labour can be substitutes. If the price of
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labour increases, farmers may use more land instead of labour, which implies
greater deforestation.

5. Conclusions

In this chapter, we have discussed how economic theory predicts that
technological change will affect deforestation. We conclude that the impact
will depend on: (i) the type of technical change; (ii) the presence of market
imperfections; (iii) the extent to which farmers can substitute between
factors; (iv) the way households balance work against leisure; (v) whether the
technology affects the intensive or extensive production systems; (vi) how
much people migrate in response to regional income differentials; and (vii)
how steep the demand and supply curves for outputs and inputs are. Dynamic
wealth effects may play a role if innovations allow farmers to accumulate
resources that they then use to finance investments in activities associated
with forest conversion.

Taking all this into account, we would like to stress two central results and
mention one caveat.

First, if both the input and output markets are well developed and ‘perfect’,
we can expect technological progress to promote deforestation. However, high
transaction costs at the forest frontier may limit farmers’ access to certain
markets. Without well-functioning labour and capital markets, technological
change will have ambiguous effects, depending on whether it relaxes binding
constraints or makes them bind even tighter. If farmers have several produc-
tion systems and can divert inputs from one to another as their relative
profitability changes, this may magnify the micro-level effects.

Secondly, if technological change affects the production possibilities of
many farmers, general equilibrium effects arise. In general, the price effects
tend to ‘dampen’ the micro-level effects. For example, if supply increases as a
result of new technologies, this may depress prices and effectively counteract
the initial incentive to deforest. For the migration effects, however, it matters a
great deal whether the innovations perform better on the forest frontier or in
traditional agricultural areas, since a greater impact in one of the two areas
may trigger migration to or from the frontier.

Finally, it is worth pointing out that all of the previous discussion largely
ignored the complex relation between technological change, land degradation
and deforestation. Households at the extensive margin often deplete their
soils and then move on and deforest a new parcel. Technologies that reduce
land degradation reduce the incentive to ‘cut, crop and run’, thereby lessening
the pressure on natural forests. On the other hand, sedentary agriculture
generally retains fewer characteristics of natural ecosystems than fallow
systems or extensive agricultural land uses. In addition, for all the reasons
discussed in section 3, any technology that increases profits can potentially
result in greater land clearing. This further illustrates the complexity of
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the relation between technological progress in agriculture and forest con-
servation, and the difficulty of reaching unambiguous general conclusions.

Notes

1  This chapter is based on two papers presented at the Costa Rica workshop:
Angelsen, A., Kaimowitz, D., Holden, S., Smith, J. and Vosti, S., Technological change
in agriculture and tropical deforestation: definitions, theories and hypotheses; and
Bulte, E., van Soest, D. and van Kooten, G.C., Opening Pandora's box? Technological
change and tropical deforestation. We would like to thank our co-authors for their
inputs in the process of writing the present chapter.

2 Initially, we made a distinction between the concepts of 'technological progress'
and 'technological change', the latter being broader. Since these terms are used more or
less interchangeably in the debate, we have not maintained the distinction in this book,
except that technological change also includes technological progress in reverse
(technological regress). The same goes for the terms 'technological' and 'technical',
although we prefer the former.

3 Note that we have defined the inputs L, H and K such that exactly one unit is
required to produce an output Y.

4 Some people use the term 'land-intensive' interchangeably with 'land-saving' or
'vield-increasing'. It is, however, by no means self-evident whether land-intensive
means that farmers use a lot of land per unit of labour and capital (also referred to in the
literature as extensive land use) or the opposite.

5 One could argue that agricultural intensification should be defined in terms of
output per unit of the scarce factor. Since labour is often the scarce factor at the forest
frontier, a third option would be to divide through by labour in equation (1), and focus
on labour productivity (output per worker) and the land and capital requirements per
worker.

6 To measure input intensity with more than one input, we need a common
yardstick, normally a monetary unit. This raises several issues. Should we use
farm-gate or social prices? What prices should we use to value non-market output and
inputs? Are the relevant prices those that existed before the technological change or
after?

7 A'perfect' market implies that farmers can take prices as given, can buy or sell as
much as they want at that price and have perfect information, and that the input or
output involved is homogeneous, e.g. family and hired labour are perfect substitutes.

8  This model and the corresponding results are taken from Angelsen (1999b). See
also Randall and Castle (1985) for a more general treatment of the von Thiinen model
with two production systems.

9  The latter assumption may be realistic for agriculture, but is unlikely to hold for
urban areas, because most industrial activities exhibit increasing returns to scale (see
Murphy et al., 1989).

10 This analysis makes a few simplifying assumptions. There are no migration costs.
Marginal income equals average income. No one is unemployed, nor do they prefer to
live in a particular region for non-monetary reasons. The figure is a simplified version of
the Harris—Todaro migration model (e.g. Stark, 1991).
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The Transition from 3
Deforestation to Reforestation
in Europe

Alexander Mather

1. Introduction!

During the 19th and 20th centuries, many European countries underwent a
‘forest transition’. Net national forest cover stopped declining and began to
increase (Mather, 1992). This has led some to speculate that developing
countries currently experiencing deforestation may eventually undergo a
similar transition.

Data deficiencies and the fact that technological changes in agriculture
coincided with other major social, political, economic, technological and
cultural changes prevent a rigorous analysis of agricultural technology’s
role in Europe’s forest transition. Among the most important confounding
variables are the rural exodus, industrialization, improved transport systems,
forest regulation and political control and the shift from fuel wood to coal.

Nevertheless, the evidence suggests that technological change in agri-
culture contributed significantly to the forest transition. This implies that it
might also influence deforestation and its control in present-day developing
countries. Thus, examining Europe’s experience with forest-cover change over
the last several centuries can provide a broader historical perspective for
understanding current forest trends in developing countries.

Throughout history, farmers have responded to the need to produce more
food to satisfy a growing population and rising per capita consumption by
expanding agricultural area and/or managing their existing area more inten-
sively. Since forest constitutes the natural vegetation in most areas capable of
producing crops, extensive agricultural expansion is likely to reduce forest
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area. Intensification, on the other hand, does not directly affect forests but
often requires farmers to adopt new cultivation techniques.

Technical changes in agriculture, particularly changes that increase
yields, permit farmers to supply more food from smaller areas. This can relieve
the pressure to clear additional forest for crops and livestock. Eventually,
farmers may even abandon areas, paving the way for reforestation (by
natural regeneration or plantation). Similarly, transportation improvements
can facilitate the concentration of agricultural production in more fertile areas
and allow people in other regions to purchase their food from elsewhere and
stop growing crops on marginal lands.

How population pressure and systemic stress affect resource management
has long been debated. Although one can identify Malthusian trends in a
number of European countries in the periods leading up to the forest transition,
it is hard to explain the transition itself within a Malthusian framework.
Contrary to the Malthusians’ expectations, population growth and forest
expansion have gone hand in hand in these countries for several hundred
years. This suggests that, as Boserup predicted, farmers responded to increased
population pressure by intensifying their agricultural systems. As the follow-
ing case-studies make clear, various types of stress coincided with the
forest transition and favoured the emergence of new paradigms of resource
management, including new technological paradigms for agriculture.

Sections 2, 3 and 4 of this chapter review the transition in three countries
— Denmark, France and Switzerland. Despite geographical differences and
environments ranging from coastal lowland to alpine, certain similarities
characterize the three cases. Section 5 discusses the role of agricultural
technology within the broader context of socio-economic and political
change. The final section concludes and draws out some points that may be
of relevance for today’s developing countries.

2. The Forest Transition in Denmark

By 1800, Denmark had lost all but some 4% of its forest cover. Then the decline
stopped and forest cover continuously expanded from the mid-19th century,
although with certain fluctuations. Today, Denmark has nearly three times
more forest than in 1800. The transition coincided with major changes in land
and forest tenure, forest management and the political context. There was
more to it than technological change.

Rural restructuring began in the 1780s and proceeded rapidly. A group
of ‘improvers’, inspired by Enlightenment ideas, in effect ‘captured the
machinery of State” and set out to modernize the country (Smout, 1987: 87).
C.D.F. Reventlow, an influential landowner, and the young Prince Regent
were key figures in this group.

In 1786, the government formed a special agricultural commission,
charged with reforming landlord—tenant relations and the enclosure of open
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field and commons (Tonesson, 1981). Raaschou-Nielsen (1990) estimates
that only one-tenth of Danish peasant farms were enclosed in 1790. By 1830,
this had risen to 99%. Enclosure and the privatization of the commons
initially reduced total forest area by as much as one-third (Fritzbeger, 1994).
The government compensated for the loss of grazing rights in newly privatized
forests by allowing farmers to clear common woodlands with light tree cover
and convert them to cropland (Sabroe, 1954).

New laws required livestock owners to maintain fences and keep their
cattle off other people’s property (Friedmann, 1984). Between 1781 and
1788, the state demarcated its royal forests from the adjoining agricultural
fields and excluded all cattle (Sabroe, 1954). This process was then repeated on
private land. Thus, forest and agricultural land became increasingly separate.
That facilitated a rise in tree planting. As a result, the number of private estates
with tree plantations grew from 19 in 1791 to 53 in 1805 and 101 in 1830
(Jensen, 1993).

In 1805, the government passed the Forest Preservation Act, which
granted ‘overwood’ (woods composed of tall trees, as opposed to scrub) to land-
owners but required that they maintain them as forest. Reventlow helped draw
up the act, with the idea that it was a temporary measure to prevent further
forest depletion until forest owners fully accepted that managing their forests
‘scientifically’ was profitable (Gren, 1960). The act stipulated that all forest
had to be enclosed by 1810 and that landowners had to replant all cleared
land (Fritzbeger, 1994). Thus, the preindustrial system of managing forests for
multiple use, including cattle grazing, slowly gave way to forests managed
mainly or solely for timber production.

Denmark’s early adoption of ‘scientific’ forest management systems from
Germany facilitated the implementation of the 1805 act. As early as 1763,
the government adopted a sustained-yield management system, promoted by
German forester von Langen, in some of its royal forests. The forests were
fenced to keep out cattle and subdivided into blocks intended for annual felling.
Reventlow and other influential landowners promoted the new ‘scientific’
outlook, which was disseminated through an evolving system of forestry
education. The first forestry training schools opened in 1786 and the first
university programme began in 1800 (Sabroe, 1954).

A series of crises triggered the 1805 act. According to Kjeergaard (1994),
Denmark suffered a chronic multidimensional ecological crisis during the 18th
century. One aspect of this was a loss of forest cover, due to rising population
and limited agricultural resources. Apart from that, the Napoleonic Wars
disrupted Copenhagen’s firewood imports from Holstein. This made firewood
acutely scarce and prices doubled between 1780 and 1800 (Friis and
Glamann, 1958). The chronic shortage of wood helped provide a climate of
opinion conducive to the adoption of new forest management regimes, while
the acute shortage triggered their implementation.

The 1805 act helped stem further deforestation. But significant reforesta-
tion did not begin until 1860. The loss of secure timber supplies from Norway
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after its independence in 1814 was not enough to persuade people to reforest,
even after the postwar agricultural recession released land that could have
been used for that purpose. Moreover, the state went bankrupt in 1813 and
had no resources to promote reforestation.

Ultimately, it was the loss of part of the national territory, in Schleswig-
Holstein, that really got reforestation off the ground. This blow to national
pride apparently provoked a strong national sentiment and a desire to use the
country’s land resources as fully as possible (Jensen, 199 3). One manifestation
of this was the creation of the Danish Heath Society, which worked on
converting the ‘wasteland’ of the Jutland heaths to arable land and forest.
Earlier attempts at the afforestation of the moors had achieved little. But, by
the 1860s, the combination of technical advances, political-economic climate
and national mood had provided the conditions for more sustained forest
expansion.

During this whole period, agriculture and forestry expanded concurrently.
Forest expansion was not linked to agricultural retrenchment. Cultivation
and tree planting went together, both spatially and functionally. In Jutland,
the farmers used the wages they received for planting trees to expand their
agricultural holdings. Farmers more generally continued to bring previously
uncultivated areas into production and combined extensive with intensive
growth (Nielsen, 1988). In the two decades after 1788, crop yields increased
25% and agricultural production doubled (Friedmann, 1984). During the last
third of the 19th century, the national livestock herd also increased greatly.
While some attempts to convert heathland to cropland proved over-optimistic
and the land was subsequently abandoned and afforested, this process did
not really take off until the 1890s, decades after large-scale afforestation had
begun (Jensen, 1976).

The case of Denmark suggests that the relation between forest trends and
technological change in agriculture is complex. To suggest that the latter
‘caused’ deforestation to stop or reforestation to take off is an oversimplifica-
tion. Both stemmed from modernization and had their roots in political and
philosophical changes. Factors such as the spirit of the Enlightenment and
the national mood of the 1860s proved more important than technological
change in agriculture per se, though the latter certainly reduced the pressure to
encroach on the areas of forest that remained at the end of the 18th century.
Within this context, there is little doubt that technological improvements in
agriculture helped stabilize the forest area, but in a wider sense than some
recent work on tropical deforestation and technological change might imply.

3. The Forest Transition in Switzerland

Switzerland and Denmark have quite different histories and geographies.
However, forest area in both countries has expanded substantially since the
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19th century and they share common features in terms of perception of crisis,
legislation and agricultural change.

Data are simply too sparse and unreliable to provide a long-term forest
curve, but analysts generally agree that Switzerland’s forest area has almost
doubled since the mid-19th century. Prior to that, growing population and
demand for wood had attenuated the forest for several centuries and the
problem probably worsened during the 18th century. As in Denmark, forest
and farmland initially formed part of the same system and forests provided
fodder as well as wood. Crop yields were poor, not least because only a small
fraction of the animal dung was available to use as fertilizer (Pfister, 1990).

The introduction and widespread adoption of the potato was one factor
accelerating population growth. Its higher productivity per unit area,
compared with cereal crops, effectively increased the carrying capacity of the
land in terms of food production. To some extent, emigration provided a safety
valve. Nevertheless, local population continued to grow. In the absence of a
commensurate change in land management, this resulted in environmental
stress. Pasture productivity and the capacity to make hay rose more slowly
(at least in the upland areas) and farmers partly replaced cows with goats
(the ‘poor man’s cow’). The goats’ activities, combined with the growing fuel
demands of the expanding population, seriously degraded mountain forests
(Pfister, 1983). By the early 19th century, highland population growth had
led to both environmental degradation and pauperization (Pfister and Messerli,
1990). Thus the introduction of potatoes in Switzerland suggests that the
technological change might have had a negative effect on the forest.

Existing land management systems could not cope with population
growth and rising wood demand. Most of the forest was communally owned.
Traditionally, a series of complex communal mechanisms had strictly limited
the cutting of wood for fuel and construction. Many villages had elected
councils responsible for such controls. The emphasis was on not allowing
resource use to outpace forest growth, maintaining forests’ protective
functions and providing each household with an equitable share of the annual
cut (Netting, 1972). These systems proved effective when population was
relatively stable. But, once population began to grow rapidly, the demand for
forest resources created more stress than this type of communal regulation
could handle. By the mid-19th century, many areas were experiencing fuel
shortages (Marek, 1994).

Besides this chronic stress, the country also suffered specific crises.
Particularly damaging floods occurred in the 1830s and again in the 1850s,
and the Swiss Forestry Society helped convince authorities that forest
problems were partially responsible for the floods. In response to a petition
from the society’s president, Elias Landolt, in 1856, the federal government
commissioned a major survey of forest condition under Landolt’s supervision.
The report concluded that forests were being depleted and that deforestation
had made river discharge more irregular and increased the risk of avalanches
and falling rocks (Landolt, 1862). The wider conclusion was that alpine



40 Alexander Mather

deforestation was not just a local problem; it affected the whole nation. Further
floods in 1868, which caused 50 deaths, served to emphasize the apparent link
between deforestation and floods.

In response to these perceived threats, over the next few years, the federal
government initiated reforestation efforts and strengthened regulation of
existing forests. These efforts culminated in the Forest Police Law of 1876 (IFF,
1976). This law, which applied to Alpine and pre-Alpine forests, prohibited
any reduction in forest area. It required farmers to obtain permits to fell forests
and to either replant felled areas or compensate for them by reforesting some
other land in the vicinity. It also regulated traditional forest-use rights. The
cantons or federal government could require farmers to afforest bare lands to
create protective forest and could appropriate private land for that purpose. In
short, the state began intervening in forest management.

Whether or not the frequency of flooding really had anything to do with
deforestation has little bearing on our discussion. The perceived links provided
a basis for a ‘crisis narrative’, which helped legitimize Landolt’s attempts to
set up a federal forest regulatory system. The dominant social construction
relating forests and floods made it possible for the forester-scientist to mobilize
favourable public opinion and political support and steer the state towards
stricter regulation and reforestation. The new widespread belief that
deforestation in the mountains could endanger the lowlands justified federal
intervention (Schuler, 1983). The passing of the first federal forestry law in
1876 was a milestone in this respect and had strong parallels with the Danish
law of 1805. The new regulations changed the use of the forests and weakened
their links to farming through grazing and fodder collection. As in Denmark,
forest and farmland became increasingly separate.

To attribute the forest transition solely to Landolt and the 1876 act would
be wrong. The passage to a regulated forest economy became possible
only after agriculture and the economy in general began to modernize
(Schuler, 1984). The establishment of the Swiss Confederation in the mid-19th
century marked a milestone in the evolution of the modern nation-state. In
Switzerland, as in neighbouring countries, the new state assumed the right
to intervene in the management of the forest resource. Individuals such as
Landolt had access to the state apparatus, and the corollary was that they were
able to privilege ‘scientific-rational’ constructions of the forest and the
forest—flood relationship above others. These actors did not operate solely
as individuals. In 1843, they founded the Swiss Forestry Society, which was
influential in promoting forest management and conservation., Shortly after
the Swiss Confederation was established, a Department of Forestry was created
and, in 1855, the Federal Polytechnic School began providing training in
forest management. The following year, the Swiss Forestry Society obtained
funding for forest research, and work began on the causes of flooding. In short,
several institutional developments had occurred before the 1860s, involving
both the state and civil society, which helped satisfy the preconditions for
moving towards more sustainable forest resource management.
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As in other countries, agriculture became more market-orientated in the
second half of the 19th century and this led to changes in where production
was located. Although there was some urban growth, much of the industrial-
ization was in rural areas. This meant that the rural exodus and abandonment
of agricultural land were slower than in France and other countries. Land
abandonment did occur, however, and it became more widespread in the early
20th century (Hauser, 1975). By the second half of the 19th century, the
agricultural labour force (as opposed to the rural population in general) was
clearly in decline. Both the absolute and relative numbers of people who
depended on agriculture fell, and this favoured the reforestation of certain
lands previously used for agriculture.

In areas such as Emmental, technological change in agriculture
contributed to significant forest expansion (Gerber, 1989). During the 19th
century, a shift in dairy farming from the alpine regions to the valleys,
combined with a broader trend towards less intensive farming in marginal
areas, allowed forests to expand through natural regeneration. This, along
with the decline in the agricultural labour force, may help explain the muted
tone of resistance to new regulatory measures, such as the Forest Law of 1876.

The Landolt Report concluded that annual wood removals exceeded
increments by around 30%. If this pattern persisted over decades, as seemed
likely, forests clearly would have suffered. The removals were largely for
domestic and industrial fuel. Socio-economic trends and industrial growth
increased the demand for firewood, and lower temperatures over the previous
century may have aggravated the problem (Pfister, 1990, 1994; Pfister and
Messerli, 1990).

During the second half of the 19th century, however, the demand for local
fuel wood and timber waned. The Swiss began to substitute coal for fuel wood
and the expansion of the railway system made it easier to import both fuel
wood and coal from abroad. The first Swiss railway opened in 1844. Six years
later there were still only 24 km of track. But by 1860 that figure had risen
to over 1000 km and by the end of the century it was over 3000 km
(Statistischen Bureau, 1900). Partly as a result, fuel imports doubled between
1860 and 1870, and had trebled 2 years later (Société Suisse des Forestiers,
1874). The growth of the transport network also favoured the rise of market-
orientated agriculture and the concentration of agricultural production in the
more fertile areas. These trends made it easier to expand the area in forest.

By the end of the 19th century, Switzerland had moved from the wood
age to the fossil-fuel age (Table 3.1.) Fuel-wood consumption only declined a
modest 9% between 1850 and 1910. By itself, that was probably not enough
to induce a forest transition, although it may have facilitated it. More impor-
tantly, the new sources of energy made possible new forms of employment and
lifestyles that were less dependent on local resources. In other words, the
trends in energy use shown in Table 3.1 reflected broader economic, social,
political and technological changes. As people generally came to depend less
on local natural resources for their food, fuel and livelihoods, it became easier
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Table 3.1. Primary energy balance in Switzerland 1851-1910 (based on Marek,
1994).

1851 1910
T) %o T %

Wood 18,920 88 17,190 16
Peat 2,050 9 0 0
Coal 664 3 83,570 78
Petroleum 0 0 740 1
Water power 90 <1 5,270 5
Total 21,724 100 106,770 100
Per capita 9.03* 28.45*

*Gigajoule.
TJ, terajoule.

to stop depleting the forest resources in more marginal areas. This was
particularly true in the Alpine regions.

It is hard to escape the conclusion that ‘development’ in general, including
its economic and political dimensions as well as technological change in agri-
culture, silviculture and transport, helped reverse the decline in Switzerland’s
forests. It is noteworthy, however, that technical change in agriculture had
both negative and positive effects on forest area. The introduction of the potato
made it possible to support a larger population. (Indeed, the mounting pressure
on the available food supply as a result of population growth may partly
explain the potato’s rapid adoption.) This probably exacerbated forest degrada-
tion, since cultivating potatoes obviously could not alleviate fuel shortages.
Conversely, the introduction and increasing use of sown grasses and the rise
of commercial dairy farming influenced forest cover more favourably. As in
the neighbouring areas of France, these changes helped concentrate farming
in the more productive lowlands and valleys and gradually lessened pressure
on the higher areas. This, in turn, facilitated reforestation. It is important to
emphasize, however, that changes in transport and in attitudes about forests
and their management accompanied these changes in agriculture.

4. The Forest Transition in France

The period between the late 18th and early 19th centuries was decisive
in French forest history. Following a long forest decline, sometime in the
mid-19th century forest cover started to grow again, possibly as early as 1830.
During the second half of the century, the trend accelerated. Since the early
19th century, the area has more or less doubled. The forest has now recovered
all the area it lost since the 14th century, although its character and spatial
distribution are quite distinct.
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After a period of expansion following the Black Death, the French forest
contracted almost continuously until the early 19th century. Between 1750
and 1800, the population increased from 24.5 million to 29.1 million.
Farmers met the associated growth in food demand by expanding agricultural
area, rather than intensifying. Some commentators contend that agricultural
yields changed little between ¢. 1750 or even earlier and the early 19th cen-
tury (Morineau, 1970), although a revisionist view has it that yields on large
farms near cities began increasing around 1750 (Moriceau, 1994). Even if the
revisionist view is correct, this does not alter that fact that the productivity of
most poor farmers in more remote areas was relatively stagnant.

Overall, the arable area increased from 19 million ha in 1751-1760 to
23.9 million ha in 1781-1790 (Abel, 1980). Much of this area may have
come from heathland, but Bourgenot (1977) estimates that farmers cleared
more than 500,000 ha of forest between 1760 and 1780. Cultivation
extended into difficult environments. For example, in the high Auvergne
and in the Ardeche, farmers cleared fresh plots to grow rye (Jones, 1990).
The cultivators’ grazing animals and growing demands from industry added
further pressure on the forests (de Planhol with Claval, 1988). According to
Clout (1983), four times as much woodland was cleared for rough pasture as
for crops. Iron-making and charcoal production developed in the Pyrenean
valleys and other areas. Theoretically, coppicing allowed producers to obtain
wood for these industries sustainably, without having to degrade the forest.
But that potential was not always achieved (Bonhote and Fruhauf, 1990).

Deforestation proceeded apace in some Alpine areas. Between 1791 and
1840, Basses-Alpes lost 71% of its forest area and Var 44%. Corvol (1987)
estimates the annual rate of deforestation for the country as a whole at
between 0.8 and 1.4% per annum.

Agricultural expansion on to poor land, especially in the mountains, soon
proved unsustainable and led to soil erosion and other forms of degradation
(Sclafert, 1933). By the early 19th century, the Causses and other southern
land had become ‘landscapes of desolation’ and, in Provence, woodlands ‘were
becoming rarer every day’ (Clout, 1983:124-125).In 1819, Prefect Dugied of
Hautes-Alpes asserted that deforestation and erosion had rendered large areas
in the department unproductive. He urged the government to prohibit further
clearing and to promote the conversion of cleared land to artificial grassland
and the reforestation of extensive areas (Ponchelet, 1995). Environmental
stresses apparently also affected other parts of France. Blaikie and Brookfield
(1987: 135), for example, describe soil erosion in Champagne and Lorraine
during the 1790s and early 1800s as ‘catastrophic’.

Technological change in agriculture almost certainly facilitated the
forest transition. Cereal yields increased gradually during the 19th century,
and more rapidly thereafter. By the second half of the 19th century, bare
fallows, previously the largest ‘agricultural’ land use, were being phased out
(Clout, 1983). With less idle land, farmers could produce the same amount in a
smaller area (Sutton, 1977).
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Rotation grasses allowed landowners to concentrate grazing in ‘artificial
meadows’. Braudel (1990: 277) has called these grasses the ‘the motor of a
powerful and necessary agricultural revolution’. Already established in some
areas, such as the Paris basin, by the 1760s, they slowly expanded for several
decades and then took off after the 1830s (Jones, 1990). Cattle numbers rose,
largely on the more productive improved pastures, but the sheep herd declined
progressively from around mid-century. This took pressure off the commons
and the unimproved pastures and forest, which facilitated tree regeneration or
at least reduced the pressure on the remaining forest and scrub.

Intensive agriculture gradually replaced extensive agriculture, although
each was concentrated in different areas. Agriculture continued to encroach
upon the ‘marginal’ lands on the borders of heath and forest, while most
intensification was in the ‘better’ areas of the lowlands or valley floors.

By the second half of the 19th century, the agricultural frontier was
stagnating or even retreating. Farmers abandoned certain areas and the
forest eventually returned (Bourgenot, 1993). This retreat was linked to a
‘rural exodus’, which accelerated during the period, thanks to urban and
industrial growth in the lowlands. The effects of the rural exodus and of
agricultural intensification intertwine and cannot be meaningfully separated.
Both could result in abandoning of agricultural land, thus making it available
for natural forest regeneration, plantations or other purposes. The growth
of the market economy and of transport links facilitated the concentration of
crop production in the more productive areas and weakened the bonds of local
subsistence.

Despite the dearth of strong statistical evidence, the hypothesis that
the technological transformation of agricultural and the rural exodus led the
forest area to increase is credible, especially for upland and marginal regions.
Both the methods and the economic orientation of the two forces came
together to reduce pressure on forests (Rinaudo, 1980). And, as agriculture
became increasingly market-orientated, traditional peasant use of the forest
waned.

But agricultural change was certainly not the only factor underlying the
forest transition. The source of energy also fundamentally changed, as coal
replaced fuel wood both in industry and more generally. This did not take
pressure off the forest overnight, but it gradually reduced it. From 1837
onwards, it became cheaper to use coal to produce iron than to use charcoal
and by mid-century the per-unit energy cost of the former had fallen to only
one-sixth that of the latter. Partly as a result, coal consumption grew 15-fold
between 1815 and 1860 (Braudel, 1990; Table 3.2). As late as 1852, more
than one-quarter of all fuel wood went to the furnaces, but consumption
dwindled rapidly thereafter (Brosselin, 1977). Domestic fuel-wood consump-
tion also declined quickly, at least in the cities. In Paris, per capita fuel-
wood consumption was 1.80 stére (m?) in 1815, but only 0.45 in 1865 and
0.20 in 1900. After about 1900, ‘the production of firewood had become an
anachronism’ (Brosselin, 1977: 105 tr.).
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Table 3.2. Trends in energy resources in France 1809-1855 (million tonnes
carbon equivalent) (based on Benoit, 1990).

1809 1835-1844 1855

Consumption by iron-making

Wood 1.700 1.225 1.322

Coal - 0.610 2.510

Total (balance from water energy) 1.800 2.000 4.000
French energy balance

Wood 11.40 10.70 9.00

Coal 0.80 4.49 12.00

Total (balance from water and wind energy) 13 17 23

The introduction of a new forest law (Code Forestier) in 1827 and other
new forest policies was also significant (Baudrillard, 182 7). Three separate but
interrelated factors combined to bring this about: the perception of a crisis, the
rise of the state and the emergence of forest science. State, commune and other
public forests were to be managed according to a prescribed regime. Forest
clearing could be prohibited under certain conditions and, as time passed,
the range of conditions subject to such prohibitions increased. State forestry
officials were instructed to demarcate forest limits and enforce regulations on
livestock grazing, the taking of wood and other activities. Initially, only modest
provision was made for reforestation, involving tax exemptions for forests
established in certain mountain settings.

Communal forests now came under the jurisdiction of the state forest
service, and local rural areas increasingly lost control over how their forests
were managed. The Code and its implementation reflected the ‘official’ view
— that deforestation and forest depletion should be halted, especially in
peripheral areas, such as the Alps and the Pyrenees (Clarenc, 1965). State
officials used crisis narratives to legitimize both the 1827 Code and direct
state intervention in reforestation of mountain terrain. From the peasant
viewpoint, however, the Code represented an unjust interference in their
traditional use of the forest. In practice, the Code focused on industrial timber
production (rather than other forest products), prohibited peasants from
continuing their customary practices and failed to address their needs
adequately. For example, some communes were authorized to cut only
one-sixth of their fuel-wood requirements (Sahlins, 1994). This alienated local
peasant users of the forest, notably in the districts suffering from population
pressures, such as the Pyrenees, Alps and Jura.

The state used coercion to impose the new order and, perhaps not
surprisingly, the peasants resisted. The clearest case of this was ‘La Guerre des
Desmoiselles’, where conflicts between peasants dressed as women and forest
guards led to the deployment of thousands of troops. Resistance died down,
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however, as the century progressed and people increasingly moved away from
the rural areas. Similarly, the reforestation programme introduced in the
mountains in the 1860s initially met with resistance, but opposition faded as
the population declined.

Beginning in the mid-19th century, as the rural population began to
decline, in some areas peasants switched from clearing mountain slopes to
intensively cultivating the irrigated lowlands and from grazing sheep and
goats to raising cattle (Freeman, 1994). Decreases in cropland were especially
sharp in the higher regions, where severe demographic pressure had driven
expansion in previous decades, and population now began to fall. The popula-
tion in Alpes-de-Haute-Provence, for example, dropped from 154,000 in 1870
to 118,000 in 1900 (Deveéze, 1979). Similar trends were apparent in the
Pyrenees. In one canton, the population fell by one-third between 1836 and
1906 (Fruhauf, 1980). Following the rural exodus of the late 19th century,
areas deforested in the 17th century to grow crops and raise livestock reverted
to forests. In the (translated) words of Fel and Bouet (1983: 222): ‘as a general
rule, the greater the fall in population, the more the forest extends’. With
reduced grazing and browsing, prospects for regeneration improved and
resistance to the programme of reforestation weakened.

The combination of technological change in agriculture and in transport,
along with the development of a market system, allowed agriculture to
concentrate in the more productive areas (at a variety of scales, ranging from
the local to the international). The corollary was that abandoned land was
available for forest expansion, through either regeneration or planting. As
technology and the development of market relations gradually decoupled
the historical link between population growth and agricultural expansion,
population growth now no longer (necessarily) meant encroachment on the
forest.

The conclusion from the French case is similar to that of Denmark and
Switzerland. Technological change in agriculture and agriculture’s increasing
market orientation significantly helped to stabilize and eventually expand
forest area. Technological change accelerated the concentration of agricul-
tural production on higher-quality land and the development of the transport
network allowed the decoupling of local population size and agricultural pro-
duction. But the French case also resembles those of Denmark and Switzerland
in that it is difficult, if not impossible, to separate out the specific contribution of
technological change in agriculture. Political, social and economic change
coincided with technological change, and all occurred in a time of philosophi-
cal change. This coincidence in time was not a chance event: the various
dimensions of change were interrelated. In relation to forest trends, some of
the changes may have functioned as immediate or proximate factors, while
others (such as philosophical and political change) were more fundamental
and underlying.
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5. The Role of Agriculture in the Forest Transition

The agriculture of Denmark, Switzerland and France underwent radical
change during the period in which the forest transition was taking place.
Agriculture modernized and become more market-orientated. The economic
context in which agriculture operated, its land organization and tenure and
agricultural technology all experienced profound change. The dramatic
expansion of the transport network, and especially of railways, made this
possible and the rapid growth of urban population further accelerated it.

The rewards to technological change varied, depending on the environ-
mental conditions. New methods often had more success on fertile land than in
more marginal areas. This held at a variety of spatial scales. The better land in
the northern half of France, and in the Paris basin in particular, was more
suited for the new methods of wheat production than land in the mountain
valleys. Similarly, the use of sown grass in Alpine valleys allowed livestock
production to intensify and reduced pressure on mountain pastures from
grazing. Uneven development characterized agricultural change and one
facet of that was the abandonment of marginal land, or a least a reduction of
agricultural pressures on it.

Abandonment, however, was not the result of agricultural change alone.
The growth of opportunities for industrial employment in the cities greatly
encouraged the move away from a semi-subsistence agricultural system in
the mountains or other marginal areas. The ‘rural exodus’ from such areas
decreased the pressure on forests from agriculture, grazing and fuel-wood
collecting and made it possible for some forests to regenerate naturally in some
areas. Technological change in others sectors, particularly transport, led to the
substitution of fuel wood by fossil fuels. That also took pressure off the forest
and meant that population growth was no longer closely associated with
increasing fuel-wood consumption.

Even without technological change, market forces and learning processes
can lead to the spatial reorganization of agricultural production and the con-
centration of agriculture in more favourable environments, but technological
change is likely to accelerate that process (Mather and Needle, 1998). Such
adjustment may lead landowners to abandon certain areas and allow forests to
regenerate there.

In each of the three countries, the emerging modern state employed a ‘cri-
sis narrative’ to legitimize state intervention in environmental management
(in the form of forest codes and/or reforestation). The alleged crises involved
wood shortages, erosion, flooding and various other resource and environ-
mental problems. Technological change in silviculture was involved, and in
each case it was associated with a changing paradigm or social construction of
the forest. The origins of modern forest science are usually assumed to have
been in Central Europe and to have been linked to fears of a wood shortage
(Mantel, 1964). The origins of both the science itself and its adoption by the
state were thus linked to scarcity, or at least to perceived scarcity, of wood.
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In few other areas of life did the Enlightenment project, with its character-
istic privileging of rationality and the application of science, leave a clearer
landscape expression. In the context of the prevailing obsession with
‘progress’, unproductive ‘wasteland’ became a challenge, and reforestation
was seen as a means of making it more useful and productive. At another
level, specialization and monofunctionality manifested the reductionism that
accompanied the rise of rationality. Previously the forest was integral and
continuous with farmland. It was used for grazing and collecting fodder, as
well as a source of wood for fuel and construction. Now it was a separate
category, geared to timber production and enclosed within sharp linear
boundaries, which epitomized both the rise of rationality and the dislocation
of traditional peasant systems.

The reversal of the long-established trends of deforestation reflected the
triumph of the new order. The exclusion of livestock reduced pressure on
forests from grazing. ‘Scientific’ silviculture, including the creation of planted
forests, became established. Gradually, the forest began to expand, at least
at the national level. Deforestation continued in some areas more favourable
for agriculture, but that was more than counterbalanced by reforestation on
(agriculturally) marginal land.

Achieving this transition from net deforestation to net reforestation had a
cost. Many traditional peasant users of the forest were effectively dispossessed.
It is not surprising, therefore, that some of them resisted. Of the three countries
examined, the resistance was strongest in France. In Switzerland it was more
passive and in Denmark even more subdued. It is perhaps significant that, in
the latter case, the government made some provision for the ‘dispossessed’ at
the time of enclosure, through the allocation of some previously common
lands to individual dispossessed farmers.

It may be useful to distinguish between ‘natural’ and ‘induced’ forest
transitions. In the former, market forces unleashed by developments in
agriculture and in other sectors lead to the shift from net deforestation to
net reforestation. Land is simply released from agriculture, and becomes
available for forest expansion through natural regeneration or planting. The
case of France, however, suggests that coercion can also be used to accelerate
or ‘induce’ a transition, at the cost of hardship to the dispossessed traditional
users of the forest. Presumably, the extent to which agricultural and other
conditions approach those required for a ‘natural’ transition partially
determines the degree of coercion required (and of hardship that results).

6. Conclusion

Technological change in agriculture clearly contributed to the transition from
net deforestation to net reforestation in the European countries considered
in this chapter. It helped to decouple population from agricultural area and
encouraged farmers to abandon agricultural land and allow it to return to
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forest by natural regeneration or planting. It was one of several proximate
factors ‘driving’ the transition, along with the radical change in transport
and energy supply and technical change in silviculture. One cannot separate
out how much each factor contributed in relative terms, not only because of
a dearth of data but, more importantly, because of the synergy between the
factors. The factors also operated as both causes and effects of the exodus from
rural areas and the emergence of the market economy.

Political and cultural changes played a central role in this process.
The state emerged as a legislative and technical agent of environmental
management, science was applied to land management, capitalism penetrated
even the most remote rural areas and a new social construction of the forest
gained acceptance. Previously, woodland and farmland had been largely
continuous and multifunctional. Now, they became increasingly separate and
specialized, both symbolically and on the ground. The enactment of legislation
to protect the existing forest area further weakened the earlier link between
farming and forest. Powerful interests used crisis narratives to legitimize their
own claims on the forest and its products. State power and the application of
science helped achieve a forest transition, but at a cost.

The European countries examined irrefutably demonstrate that deforesta-
tion can be halted and reversed. Technical change in agriculture generally
favours that outcome, but not always. Improvements in the transport system
can open up new areas for logging and accelerate deforestation. But they can
also lead to the substitution of fuel wood by fossil fuels and hence alleviate
pressures on the forest. Just as the effects of transport changes depend on their
nature and circumstance, so do those of agricultural changes. Agricultural
change in the European case-studies did not occur in isolation. It was a compo-
nent of a wider and more deep-seated change amounting to development or
modernization. Whether agricultural change could occur in isolation from
such changes and, if so, whether it could significantly contribute to reducing
deforestation under those circumstances is another question.

Will developing countries that are currently experiencing deforestation
experience similar trajectories? In some respects, their situation is comparable.
Just as previously occurred in Europe, agriculture in these countries is
undergoing technical change and becoming more market-orientated and
they are rapidly urbanizing. In some countries, floods and landslides have
triggered state intervention in the form of logging bans or other measures, just
as they did in France and Switzerland. And, in some countries, farmers are
beginning to abandon cropland and allow it to revert to forest, as the younger
generations leave the farm and seek a better life in the city. There are
also grounds for thinking that the transition might be faster in a modern
developing country than in 19th-century Europe. With international concern
over deforestation and the influence of an international (as opposed to purely
national) civil society, the changes that took decades in Europe might happen
more rapidly. On the other hand, the growth of international trade brings
its own complications, as agricultural production may gravitate towards the
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optimal locations at the global scale, and not just at the national level. This
could accelerate a forest transition in some countries, or delay or prevent it in
others.

Note

1  Much of this chapter is based on work supported by the UK Economic and Social
Research Council's programme on global environmental change. This support is
gratefully acknowledged, as are the helpful comments of the editors of this volume,
Arild Angelsen and David Kaimowitz, and of an anonymous reviewer.
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Did a Green Revolution Restore 4
the Forests of the American
South?

Thomas K. Rudel

1. Introduction

Recent reports of elevated rates of tropical deforestation in Brazil during the
mid-1990s, coupled with the pessimistic report about tropical forests issued by
the European Community’s Research Centre in 1998, underline the urgency
of the search for a policy solution to the problem. In this context, the
Borlaug hypothesis, named after its most famous exponent, merits detailed
examination. Norman Borlaug and others have asserted that significant
increases in the land productivity of agricultural commodities would solve the
problem of tropical deforestation by reducing the need to expand the area of
cultivated land as demand for crops increases (World Resources Institute,
1986; Rudel with Horowitz, 1993; Southgate, 1998).

The simplicity of Borlaug's argument makes it appealing. It also gains
in stature because it draws upon the most coherent body of theory in social
science, microeconomics, to make its essential point. The theory also has
clear policy implications: to reduce tropical deforestation, governments and
international organizations should greatly expand their programmes of
research into the land productivity of crops grown in the tropical biome.
Despite these attractive features, the theory has not been tested empirically.
Under these circumstances, a historical study of changes in crop yields and
forest cover in the American South between 1935 and 1975 may provide
useful insights about the validity of the Borlaug hypothesis.

Examining forest-cover dynamics in the southern USA, with an eye to the
lessons that it might have for forest-cover dynamics in the tropics, may seem
like a far-fetched idea, but for two reasons it is not. First, because the Borlaug
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hypothesis concerns a process of technological innovation and diffusion
among thousands of farmers, followed by a period of forest regrowth, any
assessment of it must entail a historical study stretching out over several
decades. Very few, if any, of the countries in the tropical biome contain the
detailed historical records on changes in forest cover that would be necessary
to follow changes in the acreage devoted to specific crops over several decades.
In contrast, the data on southern US forest cover and its driving forces are
complete enough to conduct a fairly conclusive test of the hypothesis.

Secondly, the American South in 1930, at the beginning of the period
under study, resembled contemporary developing countries in several crucial
respects (Vance, 1932). The south-eastern USA contains red clay soils, much
like those commonly found in large parts of the Amazon basin (Sanchez,
1976). Despite the poor soils, a large majority of the regional population, black
and white, earned a living from agriculture, usually on small farms devoted
to cotton cultivation. Four out of five farmers worked land that they did not
own, usually as sharecroppers. They were poor. Farmers in the south-eastern
cotton-growing states averaged $143 in income per year from their crops
between 1924 and 1929 ($637 in 1989 dollars). Farmers had a commercial
orientation, producing cash crops, such as cotton and tobacco, for global
markets. In 10-15% of the agricultural districts, farmers had a subsistence
orientation, consuming more of their harvests than they sold (Rudel and Fu,
1996: 813). Eleven per cent of the regional population was illiterate in 1930
(Odum, 1936; Johnson et al., 1941). In talking about the South'’s position in
the national economy, analysts anticipated the parlance of contemporary
world systems theorists, using terms like ‘peripheral’ to describe the South’s
position. Within the USA, the South was a colony of the North (Vance, 1932:
470-481). As a noted regional geographer put it,

The South is the part of the United States which is most similar to the rest of

the world, and the plantation regions are the areas of the South which are most

comparable to the new nations that inherited plantation economies. In certain

respects the lower Piedmont, the Black Belt, the Loess Plains, and the alluvial

Mississippi Valley have more in common with the former colonies of the Caribbean

and Central and South America than with the metropolitan United States.
(Aiken, 1998: 363-364)

Certainly the argument that the experience of the American South
between 1935 and 1975 resembles that of contemporary developing countries
can be pushed too far. The transportation network of the region — its roads,
railways and canals — had been well developed through decades of internal
improvements since the Civil War. Unlike many contemporary developing
countries, the South had a system of secure property rights in land. The
magnitude of industrial job creation in northern metropolitan areas prompted
heavy out-migration from the South between 1935 and 1975. Throughout
this period, the state supported agricultural production through price
supports, subsidized credit and conservation set-aside programmes. None of
these factors have historical parallels in developing countries. Nevertheless,
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the exceptional quality of the data and the existence of some historical parallels
between the South and places in the tropical biome argue for using the South
as a test case for examining the validity of the Borlaug hypothesis.

To investigate the effect of increases in the land productivity of crops on
forest cover, I bring together data on the prevalence of particular crops in
counties, trends in the land productivity of those crops and trends in forest
cover in those counties. Assuming little change in demand for the different
crops, more fields should have reverted to forests in places with agricultural
economies organized around the crops that recorded the greatest gains in
agricultural productivity between 1935 and 1975.

Three processes of technological change influenced trends in agricultural
productivity in Southern agriculture between 1935 and 1975. First, publicly
financed land-improvement projects, in particular the drainage of wetlands,
changed the land base available to farmers, giving them access to more
fertile lands. Secondly, subsidized fertilizer production and, after 1955, the
introduction of herbicides in cotton cultivation elevated yields per acre
(Aiken, 1998: 109). Thirdly, agribusinesses promoted the mechanization of
agriculture, through the introduction of first tractors and later harvesters. The
last trend reduced the amount of labour and increased the amount of capital
utilized per hectare in Southern agriculture. Not surprisingly, this trend led to
a considerable increase in the scale of agricultural operations. In the following
analyses, measures of regional soil resources provide a proxy measure for
wetlands reclamation and expenditures for fertilizers at the outset of the
period measure fertilizer use. I do not have a good measure of the effects of
mechanization on land productivity.

As controls in the analysis, I introduce additional data on the human
capital of farmers, the size of nearby urban places and government policies.
These variables embody plausible alternative explanations for the reforestation
of the South during the middle decades of the 20th century. The human capital
variable, illiteracy, expresses the idea that farmers with little human capital
would face competitive disadvantages brought on by the advent of more
scientific agriculture, which would eventually cause them to abandon their
lands and allow their fields to revert to forest. In counties with sizeable urban
communities, farmers could scale down their agricultural enterprises without
completely abandoning them because farmers could more easily secure
part-time employment in the non-farm sector. For this reason complete farm
abandonment and reforestation should characterize remote rural counties
more than counties with sizeable urban communities. The federal govern-
ment, through several policy initiatives, most prominently the price support—
conservation set-aside programme introduced in 1934 and the expansion of
national forests during the 1930s, may have played an important role in
the reforestation of the South. A multivariate analysis that includes these
variables and the productivity variables in a single equation predicting trends
in forest cover should tell us something about the relative magnitude of the
agricultural productivity effect on forest cover.
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2. Data, Variables and Measures

Counties are the units in the analyses reported below. The data on forest cover
come from forest inventories conducted by the US Forest Service every 10
years, beginning in the 1930s. The data on crop productivity come from the US
Department of Agriculture, and the data on soil resources come from a survey
carried out during the 1930s by the Bureau of Agricultural Economics of the
Department of Agriculture. The data for all other variables in the analyses
come from the Statistical Atlas of Southern Counties (Johnson et al., 1941).! The
data sources and measures are listed in Table 4.1. Several of the measures
reported in Table 4.1 require some explanation.

2.1. Changes in forest cover

I calculated the average annual rate of change in forest cover between 1935
and 1975 for approximately 800 counties in the southern USA. The data
on forest cover come from successive forest surveys, conducted every 10
years, beginning in the 1930s, by the US Forest Service. The measurement

Table 4.1. Data sources and measures.

Forest cover Forest survey bulletins published by Southern forest
experiment stations, 1930s-1970s. Change in % per annum
Land productivity US Department of Agriculture. Historical statistics

http://usda.mannlib.cornell.edu/data-sets/crops. Increase in
% between 1935 and 1965

Price change per unit  US Department of Agriculture. Historical statistics
http://usda.mannlib.cornell.edu./data-sets/crops. Change in
% between 1935 and 1975

Area planted of major US Department of Agriculture. Historical statistics

crop http://usda.mannlib.cornell.edu/data-sets/crops. Change in
% between 1935 and 1970

[lliteracy Johnson et al. (1941), derived from census data. Proportion
of adults in a county in 1930

Fertilizer use County tables, 1930 census. Expenditures on fertilizer as a
proportion of agricultural sales

Size of urban place 1930 census. Population of largest town in a county

National forest USFS maps, 1975. Proportion of county land in national
forests

% Delta Maps printed in Barnes and Marschner (1933)

% Piedmont Maps printed in Barnes and Marschner (1933)

Self-sufficient farming Johnson et al. (1941), typology derived from 1930 census
data. Farmers were considered to be self-sufficient if they
consumed at home more than half of the agricultural
production from their farms

USFS, US Forestry Service.
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techniques have evolved over the history of the forest survey from on-ground
parallel-line surveys to aerial photos and then to satellite images. The change
from on-ground to aerial photo methods does not appear to have biased the
measures in a discernible way (Cruikshank and Evans, 1945).

2.2. Land capability (% delta, % piedmont)

At the request of planners in the Department of Agriculture during the
depression, C. Barnes and F. Marschner delineated agricultural regions in
the USA. They brought together information on the physical geography of
agricultural areas, their topography, their soils and their climate, and used this
information to construct a map of the agricultural potential of different
regions in the USA. In this exercise, the boundaries between regions became,
in effect, boundaries between land capability classes. For example, a boundary
separating the Mississippi delta from the sandy lands of southern Mississippi is,
in effect, a boundary separating a region with high land capability from a
region with low land capability.

2.3. Land productivity

This variable measures the gains in yields per acre for the chief commercial
crop in a county.? Because there are only seven basic commercial crops grown
in the South during this period, there are only seven possible values that this
variable can assume in a county. Furthermore, the productivity gains reported
here are averages for the entire USA, not just the South. While this circum-
stance creates measurement error for a crop like maize, which was grown
extensively outside the South, there is little measurement error for most of
the other crops (e.g. cotton, peanuts), because they are grown largely, and
sometimes solely, in the South.

In the bivariate and multivariate analyses reported below, I use these variables
and the others listed in Table 4.1 to explore the historical relationship between
agricultural productivity and forest cover in the South. To avoid problems of
simultaneity bias in the analyses, the explanatory variables precede the
changes in forest cover or come from the first portion of the four-decade period
in which I measure forest cover.

3. Findings

Between 1935 and 1975, forests expanded in extent across much of the South.
Overall about 8% of the South’s land area reverted to forest during this period
(Rudel and Fu, 1996). Dramatic subregional variations marked the regional
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pattern of forest-cover change. As the map of forest-cover change in Fig. 4.1
suggests, some agricultural regions, such as the piedmont in the Carolinas,
virtually disappeared, while others, such as the Mississippi delta, expanded
vigorously. To paraphrase the foremost student of Southern land use, John
Fraser Hart, the South during this period became ‘a splendid laboratory for
studying the birth and death of agricultural regions’ (Hart, 1991: 276).

The patterns in the data arrayed in Table 4.2 suggest the degree to which
these subregional patterns of agricultural expansion and decline correspond to
differential rates of change in the land productivity of the crops that dominate
in the agricultural economies of the different subregions. The table classifies
rural Southern counties by their dominant cash crop and reports data on
forest-cover change in those counties. Juxtaposed with the data on forest-cover
change are data on changes in the agricultural economy of the dominant crop:
increases in yields and in prices and changes in area planted in the USA. A
comparison of the first four county types (cotton, tobacco, maize and peanut
counties) with the last three county types (sugar cane, rice and orange
counties) reveals a pattern that supports the Borlaug hypothesis. Those
counties that saw the largest increases in the yields of their dominant crops
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Fig. 4.1. Change in forest cover 1930s-1970s.
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Table 4.2. Crops’ land productivity, area planted, price and forest-cover trends

in counties dominated by those crops, 1935-1975 (based on US Forest Service,
Forest Inventories, 1932-1975; US Department of Agriculture, Track Records, Crop
Production, 1935, 1965, 1970).

County forest- Land productivity Change in area

cover change, change, planted in USA,  Price change,

1935-1975 1935-1965 1935-1970 1935-1975
(in % of land (in % of 1935 (% of 1935 (% of

area) yield) acreage) 1935 price)
Cotton +5.32 +185 =57 +362.6
Tobacco +14.20 +110 -38 +390.5
Maize +11.85 +206 -33 +209.0
Peanuts +20.06 +116 -40 +516.0
Sugar cane +3.16 +108 +112 +441.6
Rice -3.56 +96 +123 +379.9
Oranges -24.16 +88 +60 +149.9

(more than 109% over the 40-year period) showed greater gains in forest
cover than those counties that showed lesser increases in yields per acre. The
national patterns in acreage planted in the different crops suggest why the
patterns of forest-cover change differ across the counties. Those crops with
the largest increases in yields saw the largest declines in acreage planted.
Interestingly, there is no apparent relationship between trends in the prices of
agricultural commodities, productivity increases and reforestation during the
40-year period.

Figure 4.2 reports the results of the multivariate analyses, and it provides
more conclusive evidence about the influence of agricultural productivity
variables on the pattern of forest-cover change in the South. With the excep-
tion of the path from yield increases to changes in crop area to reforestation,
Fig. 4.2 presents a simple inventory of causes regressed against the change in
forest cover in a county over a 40-year period. The residuals are normally
distributed and the levels of multicollinearity are low. Deletion of outliers
produces some modest changes in the overall variance explained, but it does
not change the relative explanatory strength of the different predictors of the
reforestation rate in a county.

The most accurate predictor of reforestation rates, forest cover in a county
in 1935, has an artefactual element to it. The highest rates of reforestation
between 1935 and 1975 tended to occur in the counties with the lowest levels
of forest cover in 1935, presumably because these counties had the most land
that could be reforested. Land capability appears to have been an important
factor in reforestation, because % piedmont (low land capability) and %
delta (high land capability) are strong predictors of the reforestation rate.
Human capital variables, loosely expressed here as the proportion of a county’s
population that is literate, the proportion of farmers engaged in subsistence
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Fig. 4.2. Path diagram: determinants of Southern reforestation, 1935-1975.
Numbers are standardized coefficients, n = 777, adjusted. R, = 0.594, P values,
*< 0.05, **< 0.01, ***< 0.001.

agriculture and the proportion of the county’s population living in its largest
urban place, also exercised an important influence on reforestation rates. A
government policy of expanding the size of national forests through the
purchase of marginal agricultural lands made a direct contribution to the
reforestation of the region. Finally, several technological changes associated
with the Borlaug hypothesis appear to have played an important role in
the reforestation of the South. Where farmers used more fertilizer in 1930,
reforestation occurred at higher rates in subsequent decades, presumably
because, with the aid of fertilizers, they concentrated production on fewer
acres. As depicted in Fig. 4.2, large yield increases in particular crops led to
large declines in the amount of land devoted to the cultivation of that crop, and
these declines in acreage increased the rate of reforestation in a county. This
sequence of events conforms to the logic of the Borlaug hypothesis.

4. Discussion

Does the Southern experience with increasing agricultural productivity and
forest-cover change offer lessons for how rising crop yields might curb forest
loss in tropical biomes? Certainly, the influence of the American state on
forest-cover trends between 1935 and 1975 seems improbable in the current
political context of most countries in the tropics. The American state launched
more programmes that affected forests than the contemporary neoliberal
states of the developing world will ever do. Some of the state’s programmes
probably had only small effects. Price-support programmes enabled some
farmers on marginal lands to remain on their land for a longer period than
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they would have otherwise. In this sense, the price-support and acreage-
control programmes probably slowed the pace of change, rather than
reversing its direction (Hart, 1978: 512). The plan for expanding the national
forests through the purchase of marginal agricultural lands ensured that
some lands, by becoming part of a national forest, reverted to forest. Arguably,
these lands would have reverted to forest in any case. The Tennessee Valley
Authority’s celebrated reforestation programme had little impact on regional
land cover (Rudel, 1995).

Other federal programmes, in particular the work of the Army Corps of
Engineers, had an important impact on land-cover change. In the 19th and
early 20th century, settlers cleared land for farming in the South’s upland, but
they avoided the low-lying, alluvial land in the Mississippi River delta and
along the Gulf coast. The soil was very fertile, but periodic floods and difficulties
with drainage prevented agricultural expansion into these areas, and they
remained covered with hardwood forests, containing much high-quality
wood. In the second half of the 19th century, local groups began to build levees
in an efforts to control floods along the Mississippi. Alarmed by the damage
wrought by these floods and pressured by local lobbying groups, federal legisla-
tors assumed half of the costs of levee construction in 1916, and in 1928, after
the particularly disastrous flood of 1927, the federal government assumed the
entire cost of levee construction (O'Neill, 1998). A 1944 amendment to the
1928 act extended federal assistance to drainage of lands behind the levees.
With these mandates, the Army Corps of Engineers began an ambitious
programme of public works in the Mississippi delta and along the Gulf coast
during the 1930s, building levees and later draining swamps (Ferguson,
1940; Harrison, 1951; McPhee, 1986; US Army Corps of Engineers, 1989).

With the low-lying lands secured from floods, landowners moved quickly
to harvest the valuable timber and plant soybeans in the cleared fields
(Sternitzke and Christopher, 1970). The flat, fertile and uniform fields were
ideal for the highly mechanized agricultural techniques used in the cultivation
of soybeans. The contrasting trends in forest cover in Table 4.3 between
cotton counties inside and outside the Mississippi delta testify to the effects of

Table 4.3. Natural land-use areas and forest-cover change in cotton-growing
counties, 1935-1975* (based on Barnes and Marschner, 1933; Forest Inventories,
US Forest Service, 1935-1965).

Forest cover, 1935 Forest cover, 1975 Forest-cover change

(% of land area) (% of land area) (% per annum)
Outside the 53.99 63.03 +0.245
Mississippi delta
Inside the 53.31 38.89 -0.328

Mississippi delta

*Number of counties: 1935 = 488, 1965 = 509.
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government flood-control programmes on forest cover in lowland regions. In
the sugar-cane-growing regions of Louisiana, a similar but less pronounced
pattern developed, with landowners growing cane in the protected areas
behind the levees along the Atchafalaya River (Hart, 1978: 512).

The rapid growth of soybean cultivation in the alluvial lowlands of the
South stems in part from the development of new markets for soybean-based
animal feeds. A similar set of developments in consumer markets explains the
rapid expansion of cultivated acreage in the citrus-producing areas of central
Florida between 1935 and 1975 (see Table 4.2). The model in Fig. 4.2 does
not incorporate the effects of changes in markets and consumer tastes on
forest-cover trends, but clearly they had a significant effect. The increasing
returns to human capital in cities also played an important, albeit indirect, role
in the pattern of reforestation. The significance of the illiteracy, subsistence
farming and urban place variables in the models testify to the rapidly
increasing returns to human capital in urban areas, in the form of either new
jobs or higher wages (Ruttan, 1984: 151-152). Rural poverty pushed and
urban economic growth pulled smallholders off their farms and hastened the
return of their fields to forests.

The decline in the agricultural labour force spurred mechanization in
Southern agriculture, which, in turn, encouraged land abandonment in areas
of low land capability.> When farm workers left the land, plantation owners
keep the flat, fertile lands of the delta in production by purchasing tractors and
harvesters to replace field hands. Farmers who worked the more accentuated
terrain of the piedmont did not think that they could use machines to replace
labour on these lands (Aiken, 1998: 118-119).# Given the more impoverished
soils in the piedmont, farmers faced with the problem of labour scarcity in this
setting frequently abandoned farming. Other farmers in these regions, faced
with declining yields, did not need the spur of labour scarcity to abandon their
lands. Because the most capable agricultural lands in the South are concen-
trated in islands or strips of land surrounded by more extensive areas of less fer-
tile lands, the landscape in the American South began, by the 1970s, to appear
like islands of intensive agriculture in a sea of forested and reforested land.

While the findings in Fig. 4.2 provide general support for the Borlaug
hypothesis, three issues remain unclear. First, the mid-20th century saw a
rapid expansion of cotton cultivation outside the American South, in particu-
lar in the western USA. How did the expansion of production in these compet-
ing areas affect land abandonment in the South? The Reclamation Act of 1902
authorized the federal government to develop irrigation systems for agricul-
ture in the American West (Lee, 1980). After the Second World War, the state
of California supplemented the federal programme with its Central Valley
Project. In California, cotton became one of the crops of choice for farmers
on these irrigated lands. The yields per acre on these fertile, irrigated fields
averaged more than twice the national average for cotton throughout the
1935-1975 period, and California’s share of national cotton acreage grew
from less than 1% in 1935 to approximately 10% in 1975 (Scheuring, 1983:
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117; USDA, 1999). By 1975, cotton had become the most valuable field crop
produced in California; only Texas produced more cotton than California.

Several economists have claimed that federal programmes for irrigating
the West resulted in the abandonment of 6 to 18 million acres of land in the
eastern USA (Howe and Easter, 1971). The growth of cotton cultivation on
irrigated lands in California and the decline of rain-fed cotton lands in the
South would appear to be a case in point. Historical data on acreage in cotton
in the two regions do not, however, support the idea of a simple substitution of
western cotton lands for eastern cotton lands. Most of the reforestation on
Southern cotton lands begins between 1935 and 1945, a decade in which
cotton acreage in California did not increase. The significant increases in
California acreage occur during the 1945-1955 and 1969-1975 periods, but
they do not coincide with or precipitate significant losses in cotton acreage
in the South in a way that is clearly visible. In sum, the increase in cotton
cultivation in the American West probably contributed to the abandonment
of cotton lands in the South, but the magnitude of this effect on forest-cover
dynamics cannot have been particularly large, because it is not apparent in the
historical data (Scheuring, 1983: 128; USDA, 1999).

Secondly, questions could be raised about the magnitude of the
cause—effect link between yield increases and forest recovery in the South. A
comparison of the explanatory power of the different groups of variables in
Fig. 4.2 makes it clear that the effects of agricultural productivity on forest
recovery were not trivial. The two agricultural productivity variables explain
6% of the total variation in the Fig. 4.2 equation for reforestation, compared
with 4.4% for the two human capital variables and 2.8% for the land capability
variables. The timing of the reforestation sheds additional light on the
influence that increases in agricultural productivity had on reforestation.
Virtually all of the reforestation occurred during the first 20 years, 1935 to
1955, of the 40-year period under examination. A historical conjuncture of
three watershed events, the Depression, the New Deal and the Second World
War, pushed reforestation during this period. Low commodity prices
encouraged farmers to abandon marginally productive lands. The recently
established Tennessee Valley Authority made low-cost fertilizers widely
available, which enabled farmers to concentrate their production on fewer
acres. War-induced demands for military service and manufacturing workers
spurred the departure of farm workers and increased the use of farm
machinery on the flat, fertile soils of the Mississippi delta. The departure of the
farm labour force during the war caused farmers in areas of low land capability
to allow their lands to remain idle. The poverty and illiteracy of farmers
and farm workers posed additional obstacles to the acquisition of credit and
the adoption of land-saving technologies, such as fertilizers. In this manner,
technological changes interacted with other historical events to produce
widespread land abandonment and reforestation in the South. In sum, a con-
juncture of events, of which agricultural productivity increase is an important
component, contributed to the recovery of the South’s forests after 1935.
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Could productivity increases alone have produced the widespread conversion
of agricultural lands into forest? The answer to this counterfactual question
is clearly no, at least in the case of the American South. The related events
outlined above, which included increases in land productivity, produced the
large-scale conversion of farmlands into forests.

Thirdly, the absence of an obvious relationship between changes in the
prices of agricultural commodities during this period and reforestation raises
questions, because the Borlaug effect reputably works through changes in
prices. Rapid increases in yields per hectare lower the prices of agricultural
commodities, which, in turn, encourage farmers to abandon marginal agricul-
tural lands. The political and economic dynamics of agricultural price-support
programmes may explain why a causal path from yield increases to price
changes and then to reforestation does not exist. Because the federal govern-
ment intervened to maintain the price of an agricultural commodity when it
was in oversupply, productivity gains did not necessarily lead to declines in
a commodity’s price, but they did lead to an increase in government price-
support expenditures. In reaction, government officials may have pushed
set-aside programmes more vigorously, in an effort to reduce the government’s
price-support expenditures. While good historical data to substantiate these
claims are scarce, a sequence of events like this one would explain why land
productivity changes, but not price changes, associate positively with rates of
reforestation.

5. Conclusion: Implications for Patterns of Change in
Tropical Forest Cover

In one respect, the American South represents ‘the least likely case’ (Eckstein,
1975) in which to observe a connection between increases in crop yields,
declines in acreage planted and increases in forest cover. The effects of New
Deal flood-control programmes, national forest purchases, price supports and
acreage controls influenced farmers’ decisions about the amount of land
to cultivate and, in so doing, these programmes should have obscured the
relationship between crop yields and the amount of cultivated land. Despite
these dampening effects, crop yield increases did appear to facilitate forest
recovery in the South. In the more neoliberal political environments of
contemporary developing countries, one should observe a stronger relation-
ship between changes in crop yields and acreage planted.

A second consideration would suggest that the Southern agricultural
experience should provide ample evidence of a crop yield—acreage planted
connection. The processes of industrialization in American metropolitan areas
after 1939 created very large numbers of jobs, which pulled people off farms
in a decisive way. When people left the farms in the 1930s, 1940s and 1950s,
they usually found full-time employment and did not go back to the farm. The
industrialization impulse in most countries in the tropical biome is weaker;
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urbanization occurs, but the increase in the number of full-time jobs is smaller
relative to the number of migrants than it was in the USA earlier in the
century. Under these conditions of ‘overurbanization’, rural-urban migrants
often retain a landholding in rural areas and continue to farm it for subsistence
purposes. Because acreage devoted to subsistence cultivation should not be
subject to the same crop yield—acreage planted dynamic as acreage producing
commodities for the market, an increase in crop yields could produce a muted
response in acreage planted, especially during difficult economic periods.
People will continue to plant on marginal lands for security reasons, even after
calculations of marginal productivity would suggest land abandonment.
Because mid-century Americans had a viable economic alternative to agricul-
ture in urban labour markets, they abandoned agriculture on marginal lands
more readily when increases in crop yields increased the competitive pressures
on marginal farmers. For this reason, we would expect to see a response to crop
yield increases in the acreage planted in the American South; it did appear, but
only on the marginal lands of the region.

One of the most incontrovertible findings from this investigation of the
crop yield—acreage planted relationship involves the way in which the land
capability variables mediate the relationship between increases in crop yields
and trends in forest cover. The geography of soil fertility influences the
elasticity of the acreage-planted variable in response to changes in crop yields.
Figure 4.3 portrays this relationship. If fertile soils comprise only a small
portion of a region, as in region A in Fig. 4.3, and as much as 67% of the region
is cultivated, then an increase in crop yields would, by lowering the price of
the agricultural commodity, put the farmers on marginal soils under such
competitive pressure that they might decide to allow the land to revert to forest
while they seek economic alternatives elsewhere. This land-abandonment
response is especially likely if the government has imposed strict acreage
restrictions on a particular crop, as, for instance, the American government
did on tobacco. Under these circumstances, farmers only cultivate their best
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Fig. 4.3. Land quality in regions A and B. CAPA, capability.
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lands. This sequence of events approximates what happened in Puerto Rico
after 1950, when competitive pressures in global markets for coffee, sugar
cane and tobacco, along with other factors, encouraged smallholders to
abandon steep hillside farms. Forests increased from 10% to 37% of the land
area on the island between 1950 and 1990 (Rudel et al., 2000). In contrast, if
fertile lands are distributed as in region B in Fig. 4.3, the increase in crop yields
may not produce much of a decline in acreage planted. The large majority
of producers are more hard-pressed under the new, more land-productive
conditions, but few of them are forced out of the business because more capable
lands are more widely distributed, so little land reverts to forest.

These scenarios conform to the familiar geography of forest transitions.
As deforestation gives way to reforestation, the cultivated areas retreat to
the lands with the most agricultural potential (Mather and Needle, 1998).
Answers to questions about the likelihood of this type of transition in tropical
biomes probably depend on the geographical distribution of land capability in
tropical places. In her work on the Amazon basin, Betty Meggers (1996) drew
a sharp distinction between the small area of fertile lands in the varzea and the
large area of relatively barren lands in the tierra firme. Her critics (Whitehead,
1993) have argued for a more variegated understanding of Amazonian soil
resources, implying that pockets of fertile land exist in many locales. A resolu-
tion of this debate about land capability in the tropics should give us a more
precise idea about the conservation potential of increases in the yields per acre
of tropical crops. The larger the differences between fertile and infertile areas in
their productivity and the more limited the extent of the fertile areas, the more
likely it is that increases in yields will produce significant conservation gains.

Notes

1 It would have been useful to include data on the extent of the conservation
set-aside programme in each county, but I could not find these data.

2 Iclassified counties according to the land area planted in different cash crops at the
time of the 1930 census. If a county had 4 5% of its cultivated area in cotton and 30% in
maize — a common combination — it was classified as a cotton county. Quite frequently,
more acreage was planted in maize than in any other crop, but much of this maize was
being grown for subsistence purposes, to feed people or pigs. In those instances where a
county reported a considerable amount of acreage (more than 10%) in a cash crop,
such as tobacco, cotton or peanuts, the county was defined as a tobacco, cotton, or
peanut county. If there was no important cash crop grown in the county and farmers in
the county grew a great deal of maize, I defined it as a maize county.

3 Were black and white tenant farmers displaced by machines? Some were and some
were not. The widespread adoption of tractors in Southern agriculture begins in 1935,
and clearly many tenants evicted after that date were ‘tractored out’ (Aiken, 1998:
119-132). Black and white tenants begin leaving plantations during the 1920s, well
before the introduction of tractors. Others were evicted in 1933/34 by plantation
owners, who did not want to share price-support payments with tenants after the
passage of the Agricultural Adjustment Act.
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4 Later, farmers learned to use machinery on these lands, but only after introducing
land improvements, such as terracing (Aiken, 1998: 118).
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A General Equilibrium Analysis 5
of Technology, Migration and
Deforestation in the Brazilian
Amazon

Andrea Cattaneo

1. Introduction

This chapter seeks to determine how changes in policies and technology affect
deforestation in the Brazilian Amazon and to identify strategies to reduce forest
clearing. To do this, use is made of a computable general equilibrium (CGE)
model, adapted to capture regional economic structures and the environ-
mental processes specific to the tropics.

In the model, economic agents make decisions about production, trade,
migration and investment. We assume that relative prices, factor availability,
transportation costs and technology influence land use. Biophysical processes
change land cover in concert with changes directly ensuing from decisions
made by economic agents. We disaggregate agricultural production and other
activities by region, sector and size of operation. A sector we call ‘deforestation’
produces an investment good called ‘arable land’, which is an input to
agricultural production.

The chapter identifies the impact on deforestation of different forms of
technological change in Amazon agriculture and compares it with the effects
one would expect from: (i) technological change in agriculture outside the
Amazon; (ii) a reduction in transportation costs arising from Amazonian
infrastructure investments; and (iii) changes in the real exchange rate.

The forces underlying deforestation occur at various geographical scales
and are linked to economic processes that range from macroeconomic policies
to Amazon-specific conditions, such as technology and tenure regimes. CGE
models constitute the best tool for comparing the relative magnitudes of the
effects of these forces on deforestation. To fully understand these effects, it is

OCAB International 2001. Agricultural Technologies and Tropical Deforestation
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important to specify the characteristics of agricultural production in each
region, as well as the interplay between regions. We first look at technological
change at the Amazon level, and then analyse the impact of interregional
and macroeconomic processes. This allows us to demonstrate that, unless
deforestation occurs for subsistence needs in an area isolated from markets,
multiple and intertwined processes in the non-frontier part of the economy will
greatly affect events on the agricultural frontier. To predict how policies will
influence deforestation requires a clear understanding of the links between the
two, something partial equilibrium analyses generally cannot provide.

At the level of the Amazon, one must analyse how possible technological
innovations might affect specific agricultural activities. The short-run and
long-run effects differ, as do the potential impacts of various factor-specific
productivity changes. In the short run, factors of production are not very
mobile and wages are rigid. In the long run, wages are flexible and labour and
capital can move between regions. This implies that long-run scenarios that
allow technological change in the Amazon to attract economic resources from
other regions portray a fuller and, at times, counterintuitive picture of how
technological innovation affects deforestation. The livestock sector provides
a striking example of this. In the short run, all technological innovations
embodied in labour and/or capital appear to both improve smallholder and
large-farm incomes and reduce deforestation. Over the long run, innovation in
the livestock sector still does the best job of improving incomes, but it also
attracts resources from outside the Amazon, which can increase deforestation
by up to 8000 km? year™.

The type of technological change alone does not determine whether
deforestation increases or decreases. The factor intensities in the activity being
improved and in the other activities also matter. In general, our results show
that improvements in perennial crops, which already use both labour and
capital intensively, reduce deforestation more than livestock improvements,
since livestock require little labour per unit of land.

Technological innovation outside the Amazon can strongly affect Amazo-
nian deforestation. If it occurs in a balanced manner across all agricultural
sectors, deforestation rates should fall. But, if it changes how intensively pro-
ducers use each factor, resources will shift around and the ‘losing’ factor will
probably end up on the frontier. Balanced growth is unlikely. Technological
innovation usually favours specific sectors and/or factors.

At the interregional scale, our model shows that reducing transportation
costs considerably increases deforestation. This scenario is particularly
relevant because public investments in roads, railways and waterways are
rapidly lowering transportation costs in both the eastern and the western
Brazilian Amazon. In the long run, reducing transportation costs by 20%
would increase annual deforestation by approximately 8000 kmZ. Transport
costs affect deforestation a lot, because transportation is a major component
of agricultural production costs in the Amazon. Therefore, infrastructure
improvements affect the profitability of agriculture a great deal. As Amazonian
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agriculture becomes more profitable, the price of arable land increases and so
does the incentive to deforest.

At the macroeconomic level, exchange-rate fluctuations reverberate
through the economy by affecting relative prices. Given enough micro-
economic detail, one can follow the effects of a macroeconomic shock
throughout the economy, including, in our case, the regional agricultural and
logging sectors. Our results indicate that migration between regions within
Brazil greatly influences how macroeconomic shocks get transmitted to the
agricultural frontier in the Amazon.

The chapter first provides background on the Amazon. Then it explains
our modelling strategy and describes the database we used, before it presents
the simulation results.

2. Regional Background

Since colonial times, Brazilians have settled new frontiers to obtain access to
land and other natural resources. Macroeconomic policies, credit and fiscal
subsidies to agriculture and technological change in agriculture have acted
as push factors in the migration process. Meanwhile, policies such as road
construction, colonization programmes and fiscal incentives to agricultural
and livestock projects pulled economic resources towards the region
(Binswanger, 1991). Rapid population growth, an economic context in which
land is a valuable reserve, unequal income distribution and growing external
markets for wood and agricultural goods may be other indirect sources of
deforestation (Serrao and Homma, 1993). High transportation costs between
the Amazon and the rest of the country, which lead to high agricultural input
costs and limit interregional trade, also affect deforestation. Pfaff (1997)
confirms this economic intuition by showing that Amazonian locations
further from markets south of the Amazon have less deforestation.

In the 1990s, annual deforestation in the Brazilian Amazon ranged
between 1,100,000 ha and 1,800,000 ha (with an anomalous peak of
2,900,000 ha in 1994/95). Whether smallholders or large farmers deforest
more and whether their primary goal is to plant crops or install pasture
remains open to debate. According to Homma et al. (1998), smallholders
clear at least 600,000 ha each year, implying that they significantly
contribute to deforestation. Others say commercial ranching contributes
most to deforestation. The fact that the spread of small-scale agriculture
may have caused some of the deforestation attributed to pasture expansion
further complicates the issue (Mahar, 1988). Rapidly declining crop yields
often lead farmers to convert land devoted to annual crops to pasture after a
few years.

The 16 million inhabitants of the Brazilian Amazon, 61% of whom are
urban, consume mostly local agricultural goods produced on both small
and large farms. This implies that decisions regarding policies that affect
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deforestation rates must take into account their potential impact on regional
food security and farmers’ livelihoods.

3. Model Characteristics

The model used in this chapter builds on the approach Persson and
Munasinghe (1995) applied in a study of Costa Rica. They included logging
and squatter sectors and therefore markets for logs and cleared land. We
extend their approach to include land degradation as a feedback mechanism
into deforestation. The starting-point for the development of this model is a
standard CGE model, as described in Dervis et al. (1982).}

The model centres on the role of land as a factor of production. If land
has qualitative characteristics that economic agents perceive as distinct, these
characteristics define distinct inputs in the production functions. Based on this
type of perception, we divide land into: (i) forested land; (ii) arable land; and
(iii) grassland/pasture. We define land transformation as a shift between land
types resulting from biophysical processes associated with different land uses.
Land conversion describes a change in land type that economic agents bring
about intentionally. In the simulations presented below, we allow farmers: (i)
to clear forest to obtain arable land; and (ii) to convert arable land into pasture.

The model’s biophysical component determines the equilibrium stocks of
each land type, given the land uses generated in our simulation scenarios. This
represents a first step towards linking biophysical changes to the economic
incentives for agents to modify their land use. Biophysical changes, such as
soil and pasture degradation, greatly constrain regional development in the
Amazon. We assume that they can be modelled as first-order stationary
Markov processes that treat land use as exogenous (van Loock et al., 1973;
Baker, 1989). The results presented here rely on data collected through farm
surveys by researchers from the International Food Policy Research Institute
(IFPRI) in Acre and Rondoénia.

3.1. Representation of production

Table 5.1 presents the activities the model includes, along with the commodi-
ties these activities produce and the factors employed in production.

As noted earlier, we disaggregate agricultural production by region
(Amazon, centre-west, north-east, rest of Brazil), activity (annual crops,
perennial crops, animal production, forest products and other agriculture)
and size of operation (smallholder, large farm enterprise). All factors employed
by agriculture are region-specific. We use two-level production functions for
sectors that have both activities and individual commodities and assume that
the two levels are separable, so that each agricultural activity can produce
various agricultural commodities.
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Table 5.1.

Activities, commodities and factors included in the model.

Activity

Commodities produced

Factors used

Annual crops

Maize, rice, beans, cassava,
sugar, soybean, horticultural

Arable land, unskilled rural
labour, skilled rural labour,

goods and other annual crops  agricultural capital

Arable land, unskilled rural
labour, skilled rural labour,
agricultural capital

Coffee, cacao, other perennial
crops

Perennial crops

Grassland, unskilled rural
labour, skilled rural labour,
agricultural capital

Animal products  Milk, livestock and poultry

Forest land, unskilled rural
labour, skilled rural labour,
agricultural capital

Non-timber tree products,
timber and deforested land
for agriculture

Forest products

Arable land, unskilled rural
labour, skilled rural labour,
agricultural capital

Other agriculture  Other agriculture

Urban skilled labour, urban
unskilled labour, urban capital

Food processing ~ Food processing

Mining and oil Mining and oil

Industry Industry

Construction Construction

Trade and
transportation

Trade and transportation

Services Services

The way we specify production activities takes into account the fact that
farmers consider certain agricultural commodities substitutes and others com-
plements. Our technological specification captures both price responsiveness,
through own-price elasticities, and the technological constraints that limit the
possibilities of shifting agricultural output from one commodity to another,
through substitution elasticities. We obtained the values for these elasticities
from a survey we conducted of IFPRI and Empresa Brasileira de Pesquisa
Agropecuaria (EMBRAPA) researchers who are familiar with production
processes in Brazilian agriculture. Table 5.2 presents the results.

Except where we have information to the contrary, we assume that pro-
ducers can easily substitute one commodity with another and we follow the
linear programming farm model approach, which assumes that farmers shift
production to the most profitable commodity. If, on the other hand, the experts
we surveyed believed that farmers consider factors besides prices when making
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Table 5.2. Production technology: substitutability between commodities.
Technology =~ Commodity 1 Commodity 2 Substitutability
Annual-crop Maize Rice, beans Low
production  Maize Cassava Low—medium
Maize Sugar, soybean, Medium-high
horticulture and other
annual crops
Rice Beans Low
Rice Cassava Low-medium
Rice Sugar, soybean, Medium-high
horticulture and other
annual crops
Beans Cassava Low-medium
Beans Sugar, soybean, Medium-high
horticulture and other
annual crops
Cassava Sugar, soybean, Medium
horticulture and other
annual crops
Sugar Soybean, horticulture High
and other annual crops
Horticultural goods Other annual crops Medium-high
Perennial- Coffee Cacao High
crop Coffee Other perennial crops Medium
production  Cacao Other perennial crops Medium-high
Animal Livestock Milk Medium
products Poultry Livestock, milk Medium-high
Forest Deforested land (agric.)  Timber Low—medium
products Deforested land (agric.)  Non-timber tree products High
Non-timber tree products Timber High

their decisions about what to produce, then we set the substitution elasticities
lower. In this process, we considered non-price factors, such as: (i) relative risk
associated with the crops; (ii) subsistence requirements; (iii) crops that require
different soil characteristics; (iv) common practice (habit); and (v) whether
farmers typically grow the two crops together (intercrop), in which case they
have difficulty substituting one for the other.

3.2. Demand for deforested land
The demand for agricultural land determines the price of arable land. If the

economic agents act as if they had an infinite time horizon, in equilibrium the
return from an asset per unit of time divided by the asset’s price must equal
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the rate of interest. This implies that the land rental rate and producers’ dis-
count rate determine the price of the arable land produced by the deforestation
sector. If farmers lack secure property rights over their land, one can adjust the
discount rate to take into account the risk that they might lose it.

Agricultural productivity influences rental rates. Based on our knowledge
of the area, we assume that, over time, arable land degrades and becomes
grassland, which farmers can only use for pasture. Since this affects productiv-
ity, it also affects the rental rate.

Squatters deforest to supply arable land. They decide how much land to
deforest based on the price of arable land, their profit-maximizing behaviour
and technology. How they behave depends in part on whether forests are
open-access resources or have well-defined property rights that govern their
use. In this chapter, we assume that forest is an open-access resource. By
assuming that farmers have an infinite planning horizon when they use arable
land produced by clearing forest, we implicitly allow squatters to acquire
property rights through deforestation.

While a broad consensus exists that the expansion of cropped area and
pasture constitutes a major source of deforestation, no similar consensus
has emerged about logging. In some contexts, it appears to directly cause
deforestation and, in others, to indirectly facilitate farmers’ access to forested
areas (Uhl and Vieira, 1989; Eden, 1990; Burgess, 1993). In this chapter, we
assume that squatters sell arable land to whatever agricultural entity is
expanding and that logging does not directly cause deforestation but does
facilitate land clearing.

4. Data, Assumptions and Limitations of the Model

We drew the data used in this model from Cattaneo (1998). To construct the
social accounting matrix, we originally used the 1995 input—output table
for Brazil (IBGE, 1997a) and the national accounts (IBGE, 1997b). We then
integrated these sources with the agricultural census data for 1995/96 (IBGE,
1998) to yield a regionalized representation of agricultural activities. We
obtained household data from the national accounts and household income
and expenditure surveys (IBGE, 1997c, d). We allocated total labour, land
and capital value across agricultural activities based on the proportions
reflected in the agricultural census. We disaggregated labour into agricultural
and non-agricultural labour and further differentiated between skilled and
unskilled labour. We allocated part of the gross profits from agriculture to land,
based on the return to land being used by the activity (FGV, 1998), and the
remainder to capital. All producers maximize profits, subject to their factor
endowments and available technology.

We estimated regional marketing margins by calculating the average
distance to the closest market and multiplied the ratio of these values relative
to the industrial South by the trade and transportation coefficients of each
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agricultural sector, obtained from transportation cost surveys (SIFRECA,
1998).

We assume deforestation (in hectares) in 1995 equal to average deforesta-
tion between 1992 and 1996. The coefficients for the technology used to
deforest come from Vosti et al. (1999), and timber production figures from the
agricultural census. We based our estimates of the economic rent from timber
on a specification proposed by Stone (1998). The elasticities of substitution
between production factors for industry came from Najberg et al. (1995). For
agriculture, we set the elasticity of substitution between land and capital at 0.4
for smallholders and 0.8 for large farm enterprises. These are judgement-based
estimates, which assume that large farmers can substitute more easily
between factors. As mentioned previously, we obtained the substitution
elasticities for shifting between agricultural commodities from surveys. On the
biophysical side, we assumed that arable land sustains annual crop production
for 4 years before being transformed into pasture/grassland. Pasture/grass-
land can sustain livestock for 8 years before degrading the land completely.
This implies that, on average, biophysical processes transform 25% of the
arable land in annual crops and 12.5% of pastureland each year to other
land-use categories.

The data and the model formulation have several limitations. Given the
uncertainty surrounding the elasticities, one can only use the simulation
results to provide insights into the sign and order of magnitude of the effects
and should not interpret them as precise quantitative measures. Although
the values we use to assess the impact of technological changes express a
reasonable range of possible changes, they are not based on case-studies. Our
model is essentially static and the results represent the impact of policy experi-
ments in a timeless world. This chapter considers the two extremes: no factor
mobility and perfect mobility. Reality will probably be somewhere in between;
therefore these results are meant to give a qualitative representation only.

5. Simulations

Researchers have devoted a great deal of attention to the localized aspects of
technological change in agriculture and cattle raising in the Amazon (Serrao
and Homma, 1993; Mattos and Uhl, 1994; Almeida and Uhl, 1995; Toniolo
and Uhl, 1995). They have shown particular interest in variables such
as profitability, credit requirements, sustainability and other factors that
determine whether farmers adopt specific technologies. This chapter examines
the impacts, at the Amazon basin level, of technological changes that modify
the structure of a producing sector as a whole.? We assume that technological
change is exogenous.

We simulate technological change in annual-crop, perennial-crop and
animal production. For each activity, we analyse different types of embodied
technological change that increase the productivity of distinct productive
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factors. We also have a reference run, where we increase total factor
productivity (TFP) (disembodied technological change) by up to 70% in 10%
increments. To ensure that the technological changes analysed in the
factor-specific cases are of the same magnitude as in the TFP case, we make the
size of the factor productivity increase inversely proportional to the factor’s
value share in production. Table 5.3 shows the types of technological change
used in the simulations.

In our short-run simulations (1-2 years), we confine agricultural labour
and capital to the region where they are currently located. In the long-run
simulations (5—8 years), we allow the two factors to migrate between regions.
We present results concerning terms of trade for Amazon agriculture, factor
rental rates, deforestation rates and value added by smallholders and large
farm enterprises. Dividing value added between small and large farms serves
as a proxy for regional income distribution. It also suggests which types of
technological change each kind of producer is more likely to adopt. Due to
space limitations, we present only short-run results for value added. Value-
added shares provide a good proxy for income distribution in the short run,
because migration is not allowed.

5.1.  Improving annual-crop technology in the Brazilian Amazon

In the short run, making annual crops more productive may increase or
decrease deforestation, depending on the type of technological change. The
TFP case, in which the productivity of each factor increases the same amount,
leads to the greatest deforestation, followed closely by capital-intensive
technological change (CAP_INT). The reason these two forms of innovation
have the strongest push towards deforestation is that arable land appreciates
considerably as a consequence of the productivity improvement. To achieve a

Table 5.3. Types of technological change.

Abbreviation

Name

Comments

TFP Total factor productivity Disembodied technological

increase change. No partial equilibrium
effect on factor ratios

LAB_INT Labour productivity Improves labour productivity:
increase attracts labour

CAP_INT Capital productivity Improves capital productivity:
increase attracts capital

LABCAP Labour and capital productivity Improves labour and capital
increase productivity: attracts both factors

DG_LBK Labour and capital productivity =~ Same as above but also reduces

increase with decreased land
degradation

the degradation rate by 10% at
each step
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technological change of a magnitude similar to that simulated in the TFP case
in the CAP_INT scenario, capital productivity must improve a great deal, due
to the very low capital intensity of annual-crop production in the Amazon.

In the ‘labour-intensive’ (LAB_INT) and ‘labour- and capital-intensive’
(LABCAP) cases, the improvement in labour productivity in annual-crop
production shifts labour from livestock to annual-crop production. This lowers
demand for pastureland, since it is not suited for producing annual crops, and
this, in turn, depresses its price. This dampens the rise in arable land prices
because, after a few years, arable land degrades into pastureland, which is now
worth less. This makes it less attractive to deforest. Once the technological
change passes a certain threshold, this effect becomes large enough to
significantly reduce deforestation. In the simulation presented here, this
threshold is 20% in TFP terms (TFP index = 2) (Fig. 5.1).

In the long run, allowing labour and capital to migrate between regions
dramatically changes the result. Technological improvement in annual crop
production encourages deforestation, unless farmers widely adopt highly
labour- and capital-intensive technologies, and, even if that happens, for
smaller technological changes (TFP index 1-3) deforestation still increases.
The LAB_INT scenario is particularly interesting, given that it appeared quite
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Fig. 5.1. Change in deforestation resulting from technological change in
annual-crop production.



Equilibrium Analysis of Technology, Migration and Deforestation 79

promising in the short run. Now annual crops attract labour and capital from
outside the Amazon, making arable land the only scarce resource. This drives
up the value of arable land. The shift of labour and capital from cattle raising to
annual-crop production no longer depresses pasture prices much, since a large
portion of the resources that move into annual crops comes from other regions
and no longer has to be diverted from other Amazon agricultural activities.

The labour- and capital-intensive scenario (LABCAP) performs well, in
deforestation terms, in the higher range of the TFP index. We attribute this
in part to the finite amount of rice, manioc and beans that the national
market can absorb from the Amazon. When farmers adopt this technology,
land availability no longer really constrains production, which increases
until the terms of trade seriously deteriorate. The resulting low prices reduce
migration into the Amazon. Adjustment outside the Amazon to the growth in
annual-crop production also affects the terms of trade for livestock, lowering
the return to pastureland and hence the incentive to deforest.

The combination of improving the sustainability of annual-crop produc-
tion and more labour- and capital-intensive technology (DG_LBK) proves
interesting in the long run. Two countervailing processes come into play. Less
degradation increases the stock of available arable land and that reduces the
demand for deforestation. At the same time, more sustainable agriculture
implies that farmers can obtain high revenues from growing annual crops for a
longer period of time, increasing the demand for arable land. In the simulation
presented here, the first effect is minimal. For TFP indices higher than 4, the
second effect clearly dominates.

Given that annual-crop production is labour-intensive, improving labour
productivity clearly increases welfare, particularly for smallholders. In fact, it
is the only type of technological change in annual-crop production that
improves smallholders’ condition. This occurs because capital markets are
segmented. Smallholders lack access to the capital they would need to adopt
more capital-intensive technologies. Therefore, large farm enterprises, which
have access to capital, capture most of the gains from new capital-intensive
technologies (CAP_INT, LABCAP and DG_LBK). Labour-intensive technolo-
gies also considerably improve large farms’ value added, since they can hire
off-farm labour (Fig. 5.2). But the best option for these enterprises is labour-
and capital-intensive innovation (LABCAP and DG_LBK).

5.2. Improving perennial-crop technology in the Brazilian Amazon

With only a few exceptions, increasing perennial-crop productivity reduces
deforestation in both the short and long run (Fig. 5.3). In the short run, capital
and labour shift from annual crop and livestock production to perennial crops.
Perennial crops use labour and capital much more intensively than annual
crops. This implies that, when perennial crops draw resources from other
agricultural activities, the overall demand for arable land declines. Farmers
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Fig. 5.2. Short-run changes in value added resulting from technological change in
annual-crop production.

actually decrease their annual-crop production so much that they decide to
convert some of their arable land to pasture, and this depresses pasture prices
as well. Deforestation also declines because, unlike annual crops, perennials do
not transform arable land to grassland. Thus, the stock of available arable land
grows, which reduces the demand for deforestation.

In the short run, improvements in TFP, where factor productivity
increases equally across all factors, barely affect deforestation. The effect of the
increase in land productivity, which raises the return to arable land, just about
offsets the decline in demand for arable land stemming from the factors
mentioned above. In contrast, all the technologies that increase labour and/or
capital intensity substantially lower deforestation. Given the great differences
in the effects of technological changes that increase labour and capital
intensity compared with those produced by improvements in TFP, it is
important to understand the differences between these two forms of
innovation. In the first case, the amount of capital and labour farmers apply to
each unit of land increases. An example might be a coffee variety that leads
farmers to plant more trees per hectare and use more labour to care for them
and harvest the coffee. A typical TFP improvement might be a new marketing
strategy that helps farmers get higher prices for their coffee but does not alter
the factor intensity of production.
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Fig. 5.3. Change in deforestation rates resulting from technological change in
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In the long run, the results are still encouraging for perennial crops.
However, the type of technological change affects the outcomes more. Labour-
intensive innovation reduces deforestation even more, because migration
allows producers to shift even more from annual-crop to perennial-crop
production. The story in regard to technologies that increase both labour and
capital intensities changes slightly. Once we allow migration, there is no
longer any surplus arable land for farmers to use as pasture. In fact, arable
land increases in value. However, deforestation still declines, thanks to the
dampening effect of lower returns to pastureland, due to factors shifting
towards perennial-crop production. This dampening effect also shows up in
the TFP and the capital-intensive scenarios. But it is too small to offset the
prospect of higher returns from arable land, so deforestation increases.

In the short run, small farms appear to gain more income than large
farm enterprises by shifting their production towards perennials in response
to technological improvements in that activity. In part, this occurs because
smallholders already produce most of the perennial crops in the Amazon
($620 million compared with $130 million on large farms). However,
our results may overstate the potential gains for smallholders, because our
framework does not take into account the fact that smallholder capital in
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Fig. 5.4. Short-run change in value added resulting from technological change in
perennial-crop production.

perennial crops consists mainly of trees, which, in the case of technological
change, may have to be replaced for the productivity improvement to occur.

To summarize, labour-intensive change is the best option for smallholders,
because of their capital constraints. Conversely, capital-intensive technologi-
cal change is best for large farmers.

5.3. Improving livestock technology in the Brazilian Amazon

Some researchers claim that pasture improvements in the Amazon will reduce
deforestation by allowing production systems to use land more intensively
(Mattos and Uhl, 1994; Arima and Uhl, 1997). These authors appear to take
a short-term view, but do not take into consideration the long-term effects
of a more profitable ranching sector in the Amazon. In the short run, all
technological improvements, except an increase in TFP, reduce deforestation
(Fig. 5.5). But this does not hold true in the long run.

If we do not allow labour or capital migration, it is straightforward to
understand what happens. As the livestock sector becomes more profitable,
farmers use some of their arable land as pasture. In fact, with a TFP index equal
to 3, farmers demand 70-80% less arable land in all the scenarios except the
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Fig. 5.5. Change in deforestation rates for technological change in animal
production.

TFP case. Here too, our results may overstate reality, since we do not consider
farmers’ food-security constraints and we assume capital is mobile inside both
large and small Amazon farms. In reality, the herd embodies capital in the live-
stock sector and it has a natural growth rate that farmers cannot easily adjust
in the short run.

In the long run, the improvements in livestock technology attract resources
from outside the Amazon and farmers deforest more to meet the increased
demand for pasture. Surprisingly, not only does the return to pastureland
increase substantially, but so does the price of arable land. This occurs because
annual-crop production degrades the land, which subsequently becomes
grassland/pasture. Since owning pasture becomes more attractive, farmers
demand more arable land with the expectation that they will use it as pasture
in the future. In fact, in all the long-run scenarios, annual crop production
increases alongside that of livestock (although at a lower rate). Perennials,
which are also produced on arable land but do not cause degradation, do
not expand, and may even contract. In all scenarios, improving livestock
productivity in any way substantially increases long-run deforestation.

From a farmer’s perspective, improved livestock technologies are their
highest priority. All farmers in the Amazon would receive extremely high
returns from capital-intensive or labour- and capital-intensive technological
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innovations, compared with those from improvements in annual crops or
perennials (Fig. 5.6).

TFP improvements would also provide significant but less pronounced
returns. To come back to a familiar theme, improving the productivity of the
intensive factor for an activity is bound to make that activity expand more.
Since labour scarcity greatly constrains production in the Amazon, livestock,
which require little labour and are highly capital-intensive, are a very
attractive option, and that is one reason why there are well established
in the region. The small wage change for unskilled labour associated with
technological change in livestock (+14% for TFP index = 3 in LABCAP for
livestock, compared with 47% for the same type of change in annual crops)
reflects the highly capital-intensive nature of the former activity.

5.4. Summary of impacts of regional technological change

In summary, technological change in perennial crops offers the best option, in
regard to both deforestation and income distribution. However, technological
improvements in livestock provide the greatest income gains for both small
and large farms. This creates a dilemma, because any technological
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Fig. 5.6. Short-run change in value resulting from technological change in animal
production.
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improvement in livestock encourages long-run deforestation. Improving
annual-crop production, while possible in certain parts of the Amazon, would
probably stimulate deforestation, while only increasing returns about as much
as would a technological improvement in perennials. Therefore, this alterna-
tive does not appear particularly appealing.

When analysing the possible impact of technological innovations, one
must bear in mind that short- and long-run effects differ, as do the effects of
different types of technological change. TFP scenarios always favour deforesta-
tion most, due to the higher returns to land compared with innovations that
shift factor intensities towards capital and labour. Innovations that increase
the intensities of both labour and capital reduce deforestation in all scenarios
except long-run livestock scenarios, in which case they lead to some of the
highest deforestation rates observed in our simulations.

5.5. Comparing regional technological change and interregional effects

A diverse set of nationwide phenomena indirectly encouraged deforestation
in the Amazon. Here we simulate the effects of three changes outside the
Amazon that have immediate policy relevance to the deforestation debate:
(i) a technological change in annual production in centre-west, south and
south-east Brazil; (ii) a 20% reduction in transportation costs; and (iii) a 30%
devaluation of the real exchange rate.

Policy-makers should take an interest in how technological changes
outside the Amazon affect deforestation there, because of both past events and
what may happen in the future. Some argue that changes in agricultural
technology in other regions of Brazil stimulated large-scale migrations to the
Amazon frontier in the 1960s and 1970s. Our simulation captures the essence
of what has happened with the recent expansion of soybean production, due in
part to improved technologies (discussed further in Chapter 11 by Kaimowitz
and Smith in this volume). Schneider (1992) observes that, over the last
15 years, livestock producers have sold off their land to soybean producers
and moved their livestock operations to frontier areas. Our simulation lends
credence to that claim. Soybean farmers use a high-input, capital-intensive
production system that can be stylized as improving both labour and capital
productivity for annuals production. Our results indicate that combined
labour and capital productivity improvements in annuals production outside
the Amazon would lead to an increase of up to 10% in the deforestation rate
(LBCAP_AN in Fig. 5.7). On the other hand, if the technological innovation
had been purely labour productivity improving, deforestation rates would
have increased by up to 20% (LABIN_AN in Fig. 5.7) because agricultural
capital would have been pushed towards the Amazon leading to further
expansion of large from livestock production.

According to our simulation results, ‘balanced’ technological change out-
side the Amazon, where all factors become more productive in all agricultural
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Fig. 5.7. Long-run change in deforestation rates resulting from technological
change outside the Amazon.

sectors, reduces deforestation the most (BALANCE in Fig. 5.7). This option
slows deforestation most effectively because the technological change involved
does not push any factor or activity into the frontier.

The policy relevance of the reduction in transportation costs stems from
infrastructure investments, which may considerably modify the incentives
that share current land-use patterns in the area. The Brazilian government
is currently constructing a road through the Amazon to the Pacific and a port
facility in Rondonia to reduce transport costs for soybeans and other goods
produced in the region. In all our scenarios, a reduction in transportation costs
between the Amazon and the rest of Brazil increases deforestation. A 20%
reduction in transportation costs for all agricultural products from the
Amazon increases deforestation by 33%.

The real devaluation simulation has special relevance, given Brazil's large
devaluation in January 1999. The widespread rumour that states might
default on their debt to the central government sent foreign investors fleecing
from Brazilian capital markets and forced the government to float the
exchange rate. This resulted in a 70% peak nominal devaluation over the
following 3 weeks. We simulated the possible effects of a 20-40% real devalua-
tion, on the assumption that, once the currency and inflation stabilize, the real
devaluation will probably be around that level. Real exchange-rate fluctua-
tions reverberate through the economy by affecting the relative prices of goods.
Prices of export goods rise relative to non-traded outputs produced domesti-
cally, such as services and housing, and production correspondingly shifts
toward export sectors. General equilibrium frameworks have the advantage of
considering all of these processes simultaneously. Our results indicate that
devaluation would stimulate logging and this leads to greater deforestation for
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agriculture. On the other hand, devaluation also affects returns to agriculture
in the different regions. What effect this might have on deforestation depends a
great deal on whether one assumes that labour can migrate between regions.
When we allowed only rural labourers to move between regions, our model
predicted that a 30% devaluation would decrease deforestation by 5%. But,
when we assumed that even urban labour was willing to migrate to the Ama-
zon in search of rural employment, we obtain a 35% increase in deforestation.

6. Conclusions

The recent changes in exchange rate and transportation costs will probably
increase deforestation. However, policy-makers can influence technological
change and it is encouraging to note that, if policy-makers carefully choose
the technological changes they support, this could reduce deforestation by
about as much as we expect the devaluation and infrastructure investments to
increase it. Table 5.4 below summarizes our findings.

We base our food-security conclusions on our personal judgement
concerning the production structure after technological change occurs. We
assumed that, if farmers specialize in activities with small regional (Amazon)
markets or with volatile prices, food security decreases. If, on the other hand,

Table 5.4. A qualitative comparison of the impacts of Amazon technological
change.

Deforestation
reduction  Smallholder Large-estate  Food

Type of technological —  income income security
change SR LR (SR) (SR) (SR and LR)
Total factor Annuals -—— == 0 + ++
productivity Perennials  + - + 0 -
Livestock -- —-——- ++ ++ +
Labour Annuals + === ++ + +
productivity Perennials  ++  ++++ +++ + -=
Capital Annuals - === 0 ++ +
productivity Perennials  ++ + 0 ++ -
Livestock — +++ —-—--- b4+ b+ +++
Labour and Annuals + - 0 ++ ++
capital Perennials +++  ++ ++ + -
productivity Livestock — ++ —-—-- ++++ ++++ ++++
Sustainability + Annuals + -— 0 ++ ++

Labour and capital Livestock — ++ —----— b+ b+ b+
productivity

SR, short run; LR, long run; + implies a desirable effect; — implies an undesirable
effect.
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production of Amazon staples rises, regional food security improves. Accord-
ing to this criterion, innovation in livestock production, which increases
both annual-crop and livestock production, scores the highest. Technological
change in annual crops is also a good food-security option because the produc-
tion of staples, such as cassava and rice, greatly increases, without adversely
affecting livestock. In our classification, we considered perennials risky.
Perennial-crop production only declines dramatically when large numbers
of farmers adopt much more labour-intensive technologies for the production
of annuals. This may decrease perennial-crop production by more than
50% for high levels of technological adoption. Technological innovation
in perennial crops leads to specialization in perennial crops and substantial
reductions in the production of annual crops and livestock. In the long run, the
scenario with technology intensive in both labour and capital reduces annual
crops by 20-25% and livestock by 30-40% for high levels of technological
adoption.

Table 5.4 points to a significant trade-off between forest-conservation
objectives and agricultural growth. Livestock technology improvements
provide the greatest returns for all agricultural producers in the Amazon
and improve regional food security, but long-run deforestation increases
dramatically.

The best alternative would be to pursue improvement in perennial-crop
technologies, especially those that are labour-intensive, which could reduce
deforestation considerably. Small farmers would gain the most from such
technologies. However, food security would suffer and farmers would be
more exposed to the risks associated with perennials. Although this option
theoretically has potential, non-adoption by large farms (which would
have small gains), combined with the risk-averseness of smallholders, would
probably limit its effectiveness. None the less, even if adopted only in part, it
would still contribute to reducing deforestation.

Improvement in production of annual crops appears to have little
potential. In the long run, it would reduce deforestation only if farmers adopted
very labour- and capital-intensive technologies and the income effects would
be quite small. Before labour and capital intensities got sufficiently high to
decrease deforestation, there would almost certainly be, in the early phase of
adoption, a period in which forest clearing would rise substantially.

The type of factor intensification alone does not determine whether
deforestation rates will increase or decrease. The factor intensities in the
activity being improved and in the other activities also matter. Furthermore,
the striking difference in deforestation rates between the short run and the
long run points to the fact that interregional flows of labour and capital play a
crucial role in determining the expansion of the agricultural frontier. Along
these same lines, we have seen that processes occurring outside the Amazon
can have a strong impact on deforestation. Technological change can reduce
deforestation if it occurs in a balanced manner across all agricultural sectors
outside the Amazon. However, this is unlikely and, if the innovation is
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intensive in any specific factor, resources will be moved around and the ‘losing’
factor will probably end up on the frontier.

Very important interregional transportation links allow for the trans-
mission of economic effects between the Amazon and other regions. The
ongoing reduction of transport costs could dramatically increase deforestation.
Finally — the last result — a macro shock, in the form of a 40% devaluation,
was very sensitive to the migration flows allowed in the model, ranging from
a 5% decrease to a 35% increase. Understanding the determinants of capital
and labour flows would be a major empirical undertaking, but well worth
the effort.

Notes

1 A detailed description of the model is available from the author.

2 At the sectoral level, different levels of technological change can reflect either
the magnitude of the changes associated with the new technology on each farm or the
number of farmers who adopt the technology. For example, if all producers adopt an
innovation that improves total factor productivity (TFP) by 50%, in our framework this
is the same as a technology that improves farm-level TFP by 100% but which only 50%
of the farmers adopt.
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Will Intensifying Pasture 6
Management in Latin America
Protect Forests — or Is It the
Other Way Round?

Douglas White, Federico Holmann, Sam
Fujisaka, Keneth Reategui and Carlos Lascano

1. Introduction!

Cattle in tropical Latin America have dual identities. To farmers, they
represent status and stable incomes. To environmentalists, they constitute a
chewing and belching nemesis that destroys forests and the atmosphere. These
two views provoke a spirited debate about whether economic development
conflicts with environmental preservation. At the centre of the dispute lies
the issue of how advances in livestock and pasture technology influence
deforestation rates.

Since markets value forested land modestly in much of tropical Latin
America, a private farmer’s perspective of raising cattle extensively by
converting additional forest for pastures appears perfectly rational. This
certainly applies at present to the forest margins of the Amazon. However,
in more developed regions with older forest margins in Central and South
America, farmers tend to produce livestock more intensively to avoid pasture
degradation and the high cost of expanding on to uncultivated land. Thinking
about this second type of situation made us realize that we may have our initial
research question backwards. Perhaps instead of asking whether pasture
intensification increases or decreases deforestation, we should focus on how
deforestation influences pasture intensification. From there emerged the
unfortunate alternative hypothesis that forest scarcity is a prerequisite for
technology intensification.

In a sense, the inspiration for our hypothesis comes from Boserup's early
work (1965), which argued that few farmers would intensify their production
as long as they could still expand extensively. We reached a similar conclusion,

OCAB International 2001. Agricultural Technologies and Tropical Deforestation
(eds A. Angelsen and D. Kaimowitz) 91



92 Douglas White et al.

but through a different process. Boserup based her argument on the link
between population growth and technological change. We emphasize the
more general effects of land and other factor prices on farmers’ decisions to
adopt intensive or extensive land-use options.

As market access improves and available forest land becomes scarcer, land
prices generally rise. Similarly, areas with incipient markets and abundant for-
ests tend to have cheaper land. If land is expensive, farmers will look for ways
to increase production that use land more intensively. This led to our second,
related, hypothesis that more intensive technologies will only help maintain
forest cover if they are a less expensive option than extensive growth.

If our two hypotheses prove to be true, research should focus less on
how intensification affects deforestation and more on finding ways to make
deforestation and extensive land use less attractive for farmers. In this context,
combining technical research designed to increase land productivity with
policy research that looks at ways to provide incentives for forest preservation
becomes a pressing global need.

This chapter uses data from the Tropileche research and extension
consortium to support our two central hypotheses.? It provides empirical
results from three research sites, in Colombia, Costa Rica and Peru, which
allow us to compare the adoption and effects of one particular intensive tech-
nology: improved feeding systems for small-scale farmer milk and beef produc-
tion. The chapter first briefly reviews the literature regarding the link between
cattle and deforestation and situates improved pasture technology within
the realm of intensive livestock technologies. Section 2 discusses whether
and how intensifying pasture management might affect deforestation. Section
3 presents our hypotheses and analytical framework. Section 4 introduces the
three study sites and the pasture technology options. Section 5 contains the
empirical evidence about technology adoption and the link between pasture
technology and forest cover. Section 6 presents policy options and concludes.

2. Livestock, Technology and Deforestation

How much livestock and pasture expansion contributes to the larger
phenomenon of tropical deforestation is difficult to determine and varies
depending on farm size and region. The following section places the issue of
pasture and cattle in the broader context of deforestation and specifies how
improved pastures relate to intensive livestock technology more generally.

2.1. Cattle within the deforestation debate

Since the early 1980s, various analysts have used the correlation between
pasture expansion and declining forest cover to argue that cattle ranching is
the main force behind deforestation (Myers, 1981; Shane, 1986). Although
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large amounts of primary forest ultimately end up as pasture, many other
forces also drive deforestation. Population growth and the exploitation of
natural resources, along with perverse government policies and social
structures, contribute greatly to forest clearing (Hecht, 199 3; Pich6n, 1997).
While these factors do not necessarily directly drive pasture expansion, often
they must be present for it to occur.

The ample literature on the subject points to three main explanations for
why pastures replace forests: government policies, features of livestock that
appeal to farmers and technological factors. We adapted the following list
from Godoy and Brokaw (1994), Kaimowitz (1996) and Faminow and Vosti
(1998).

Government policies favouring pasture establishment

. Land tenure polices that require farmers to demonstrate use of the land
(often via pastures) to establish and retain property rights (Mahar, 1989;
Jones, 1990; Binswanger, 1991; Southgate et al., 1991).

. Government subsidies for livestock credit, input and producer prices and
tax breaks for ranching (Mahar, 1989; Binswanger, 1991; Schneider,
1995; Barbier and Burgess, 1996; White et al., 1999).

. Policies that depress timber values and make forest management less
profitable (Kishor and Constantino, 1994; de Almeida and Uhl, 1995).

«  Reduced violence, which lowers the risk of ranching in isolated areas
(Maldidier, 1993).

Favourable markets and attractive features of livestock

. Favourable international (Myers, 1981; Nations and Komer, 1982)
and/or national (Schneider, 1995; Faminow, 1996) cattle-product
markets.

. Livestock’s low labour, purchased input and management requirements,
prestige value, ease of transport, biological and financial flexibility and
role as an inflation hedge and in risk diversification (Hecht, 1993).

Technological factors

.  The lack of other viable income sources because of declining crop yields
(Mahar, 1989; Seré and Jarvis, 1992; Hecht, 1993; Thiele, 1993).

. Slow technological change in livestock management, which favours
extensive production (Serrao and Toledo, 1992).
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. Pasture degradation, leading to abandonment and the further intrusion of
pastures into the forest (Toledo et al., 1989; Seré and Jarvis, 1992; Serrao
and Toledo, 1992; Schelhas, 1996).

Given tropical Latin America’s heterogeneity, one should view the above
explanations as broad generalizations. Moreover, since the 1980s, govern-
ment policies and economic and environmental conditions may have changed.

2.2. Improved pastures for small-scale ranchers

This chapter focuses its analysis on pasture improvements in small-scale
dual-purpose (milk and beef) production systems. Small-scale ranchers are
very important in tropical Latin America and have a considerable impact on
forest margins. In Central America, 40% of the cattle belong to farmers with
less than 60 ha (Kaimowitz, 1996). Nearly 46% of all farms in the Peruvian
Amazon have cattle and, of these, 95% have fewer than 100 head (Instituto
Nacional de Estadistica, 1986). In the Brazilian Amazon, small-scale farmers
hold only 10% of the land but account for 30% of all deforestation (Fearnside,
1993). Our emphasis on dual-purpose production follows directly from the
decision to look mostly at small-scale ranchers, since usually only larger-scale
operations tend to specialize exclusively in dairy or beef production (Mattos
and Uhl, 1994; Nicholson et al., 1995).

We concentrate on improved pastures because both small- and large-scale
producers can adopt them. Many other intensive technologies, such as the use
of feed supplements, pasture rotations and artificial insemination, are beyond
the reach of small-scale ranchers with limited access to capital and labour and
may not address their needs. This is particularly true on the frontier, where
ranchers typically have little access to such technologies.

3. Pasture Technology and Deforestation

Researchers have regarded the relation between improved pasture technology
and deforestation as a quandary for years. While one school of thought argues
that improved pasture technologies increase deforestation, a second school
says the opposite; and neither supports its case with much evidence. In the
early 1980s, the Centro Internacional de Agricultura Tropical (CIAT) tropical
pasture programme came under pressure to expand its research efforts
into the forest margins. Yet it faced a dilemma. If the new germplasm and
management strategies proved highly productive and sustainable, they might
accelerate forest clearing. However, if the programme did nothing, existing
ranching practices, which led to rapid degradation and low productivity,
might accelerate clearing even more (Spain and Ayarza, 1992).
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3.1. Technology decreases the push forces into the forest

Those who argue that intensive pasture technologies reduce deforestation
emphasize that inappropriate ranching practices in tropical environments lead
to severe productivity declines, thereby forcing ranchers to abandon their
existing pastures and clear new forest. They hope that, by developing new
low-cost technologies, farmers can maintain their productivity and thereby
reduce deforestation.

Unfavourable environmental conditions in many tropical regions make
it difficult to maintain the carrying capacity of the pastures using traditional
production systems. Declining soil fertility, prolonged dry seasons, soil com-
paction, insect pests and weeds often rapidly diminish the carrying capacity of
pastures, especially on large-scale ranches (Serrao et al., 1979; Nepstad et al.,
1991). In Brazil, for example, weeds and soil degradation typically reduce
stocking rates from two head per hectare during a pasture’s first 4 years to only
0.3 head per hectare 3—6 years later (Serrao and Homma, 199 3; Mattos and
Uhl, 1994). In the late 1970s, only one-fifth of Brazil's pastures in previously
forested regions were degraded or in an advanced stage of decline (Serrao
et al., 1979). By 1990, this had risen to at least half of all pastures (Serrao
and Homma, 1993). Analysts have also documented substantial pasture
degradation in Central America (Kaimowitz, 1996). Those that believe pasture
technologies reduce deforestation contend that new low-cost forages and
management techniques will reduce pressure on forest cover by making
degraded and abandoned land productive again.

When faced with declining crop and (to a lesser extent) livestock
production, small-scale pioneer settlers often sell their land to ranchers and
migrate deeper into the forest (Jones, 1990; Thiele, 1993; Nicholson et al.,
1995; Rudel, 1995). Many pasture specialists assert that low-cost pasture
technologies would allow small-scale farmers to earn sufficient income to
reduce the need to migrate deeper into the forest. Some researchers also
hypothesize that targeting pasture research outside forested areas would
reduce pressure on forest cover. Smith et al. (1994: 21) claimed that in South
America ‘[t]he savannah could provide an outlet for the economic objectives of
national governments, and for venture capital, while relieving pressure for
exploiting the forest margins’.

3.2. Technology increases the pull forces into the forest

The school of thought claiming that improved pasture technology increases
deforestation argues that improved pastures lead to higher productivity and
therefore more profitable cattle systems. By making cattle ranching more eco-
nomically attractive, intensive pasture technologies give farmers a greater
incentive to convert forest to pasture. This may take the form of existing farmers
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increasing the portion of their farms they dedicate to pastures, or of outside
capital and people flowing into frontier regions to establish new ranches.

3.3. No effect: technology is secondary

A third possibility is that technological change may play a minor role within
the overall context of factors that influence the conversion of forests to
pastures. This might occur, for example, if the main reason ranchers expand
their pasture was to engage in land speculation (Kaimowitz, 1996). Yet, in
South America, Faminow and Vosti (1998) have raised doubts about whether
land speculation contributes to the spread of cattle ranching. The evidence
supporting this widely held belief comes largely from one data set, published by
Mahar (1979). Subsequent data and analysis have revealed that the real prices
of farmland and pastures in the Amazon have not changed relative to the rest
of Brazil. Thus, Faminow and Vosti conclude that large speculative earnings
from land ownership have not been consistent and widespread in the Amazon.

Nicholson et al. (1995: 719) also raise doubts about the potential of
technology to decrease deforestation, stating that ‘intensification of cattle
systems is unlikely to alter dramatically the deforestation rate in Central
America because consumer demand for livestock products is not the principal
factor motivating most migration to forest areas’. Rather, they claim that
deforestation is the result of pressure from many resource-poor migrants
seeking livelihoods at the forest margin.

Pasture technologies may simply be too inaccessible or expensive for
many farmers who live near forests to implement. Not every intensive
management systems that displays agronomic and financial benefits is widely
adopted. For the western Amazon, Faminow et al. (1998) argue that high price
fluctuations of cattle products have made the activity risky and have inhibited
the adoption of new livestock technology.

4. Framework and Hypotheses

Although analysts have recognized for some time that the effects of pasture
technology on forest cover were poorly understood, empirical research on the
topic did not begin until recently. Several factors contributed to this dearth
of research. First, until the early 1990s, much tropical pasture research
contained vestiges of a Green-Revolution motivation. Researchers’ main goal
was to achieve sustainable productivity increases in the face of degrading
tropical soils and weed and pest invasions. Secondly, and closely related, few
available data linked improved pasture technologies with surrounding forest
cover. Few early studies included forest cover with pasture performance data.
Thus, to increase the generality of the results given the limited data resources,
we have had to follow an alternative approach.
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Farmer decisions about how to use their land are central to our approach.
More specifically, farmers have a choice between intensive (improved
pastures) or extensive (forest clearing) land-use options.? The relation between
intensive and extensive options leads to the alternative hypothesis: the
introduction of intensive technologies will lead to farmers maintaining or
expanding forest cover only if adopting such technologies is less expensive
than extensive growth. Thus, the financial feasibility of the new technology, its
adoption by farmers and farmer incentives to preserve forests all influence the
association between improved pasture technology and forest cover.

A variety of studies have examined land-use dynamics. Some focus on
the relation between population density and land management intensity
(Boserup, 1981; Serrao and Toledo, 1992). Others examine agricultural
production changes and market access at the frontier (Henkel, 1971; Maxwell,
1980; Richards, 1997). The following analysis combines both approaches to
explain the dynamics of land-use trends in the Tropileche research sites.

In each of our three sites, an array of local and national variables
influence land-use decisions. Key biophysical variables include agroecological
conditions, such as soil, slope and on-farm forest cover. Farm characteristics,
markets and policies (e.g. subsidized credit, technical assistance, protective
tariffs and land tenure) constitute important socio-political-economic
variables (Table 6.1).

As mentioned earlier, the land price variable captures the effect of two
opposing forces: the level of development (i.e. market access) and the amount
of forest cover. Areas with low land prices have immature markets and
abundant forest. High land prices typically imply more developed markets and
scarcer forest cover. Land price also serves as an ex ante indicator of whether
farmers will adopt improved pasture technologies. When land prices are low,
farmers have little incentive to adopt intensive pasture technologies.

Figure 6.1 illustrates the continuum of possible land price, technology
adoption and deforestation situations. At one end lie regions with nascent
markets, where farmers will not adopt pasture technologies. Since farmers do
not adopt the technology, it has no impact on forest cover. At the other end of
the spectrum, farmers find adopting intensive pasture technologies attractive
and yet the effect on forest cover is small since little forest remains. Neverthe-
less, the shift to intensive land uses may allow certain areas to revert to forest.
Between these two extremes, one encounters situations where farmers are
interested in adopting intensive technologies and sufficient forest remains.
Here on the continuum, the adoption of new technologies may significantly
influence forest cover.

5. The Study Sites and the Improved Pasture Technologies

In 1996 and 1997, the Tropileche research consortium conducted diagnostic
surveys of farmers in its three study sites to assess the adoption potential of
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Table 6.1. Summary of factors influencing the improved pasture technologies—
forest-cover link.
Influencing variable Costa Rica Colombia Peru
Biophysical
Soil productivity Good Poor Poor
Farm in forest (%) 9 10 32
Pasture degradation
Erosion High Low Low
Other Spittlebug
Socio-political-economic
Farm characteristics
Size (ha) 90 150 30-50
Land price (US$) 2400 450 10-200
Off-farm work potential
Permanent High Low Low
Seasonal High Low Moderate
Market conditions Good Fair Poor
Milk price (US$) 0.28 0.23 0.22
(cooled)
Market demand High High Low
Transport cost (% milk price) 7 10 8
Average distance to processing (km) 60 80 -
Milk processing facility High value Industrial grade None
Public policies
Milk tariffs (%) 104 30? 0
Credit (% real interest rate) 14 23 34 if possible
Extension service Good Limited Limited
Land tenure problem No No No
Years since initial settlement 200+ 40-80 1-50
Nascent Mature
] — =
Undeveloped Intermediate market Developed
market market
Colombia
Peru Costa Rica

Inexpensive land

Abundant and
increasing forest

Rare adoption

Fig. 6.1.

and technology adoption.

Increasing land
price

Deforestation

Adaoption

Expensive land

Scarce forest

Adoption

A land-use continuum with respect to markets, land prices, forest cover
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promising new forage germplasm. The farmers interviewed were representa-
tive of local dairy producers in terms of farm size, input use, productivity,
income and constraints.

5.1. Costa Rica

The study site, Esparza, is located in Costa Rica’s Central Pacific region. Settlers
arrived there more than 500 years ago, so the site is no longer considered a for-
est margin. Average farm size is 29 ha, of which 75% is pasture, 11% annual
crop systems, 9% forest and 5% perennial crops (Centro Cientifico Tropical,
1994). Mean herd size is 43 head, with an average stocking rate of 0.9 animal
units (AU) per hectare (Fujisaka et al., 1997). Pastures are severely degraded
on the steep slopes but less degraded in the lowlands. Land prices are high,
averaging $2500 ha™!, in response to a long history of public-funded invest-
ment in roads, electrification, health and education and good access to markets.

5.2. Colombia

Florencia Caqueta, in the piedmont of the Colombian Amazon, is a more
recently settled forest-margin site. Settlers arrived in the 1900s and cleared
most of the forest. The predominant agricultural activity is beef and milk
production, 87% of which is dual-purpose. Caqueta accounts for 7% of
the national herd, or approximately 1.1 million head. The stocking rate on
native pastures is approximately 1.1 AU ha~!. Farms average 150 ha in size.
Commercial land prices are moderate, ranging from $400 to $600 hal,
depending on location and soil quality. The typical farm has approximately
58% of its land in pasture and 10% in forest (Rivas and Holmann, 1999).

5.3. Peru

The most recently settled forest-margin study site, Pucallpa, is in eastern Peru,
on the Ucayali River, a major tributary of the Amazon. Households first settled
the area in the 1940s after the government constructed a road linking
Pucallpa and the capital, Lima. Land use in Pucallpa is more heterogeneous
than in the other two sites and the amount of forest that remains on farms is
closely related to the number of years since the land was settled. In more
recently inhabited areas, 59% of the farmland is still in forest, whereas, in more
mature regions, forest cover decreases to 40%. Land area dedicated to pastures
generally increases with age of settlement. Recent settlers have about 10% in
pasture, whereas the more established farmers have 19%. Farms specifically
devoted to cattle ranching have 66% of their land in pasture and 19% in forest
(Smith et al., 1999). The stocking rate on traditional pastures is approximately
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0.6 AU ha™! (Fujisaka and White, 1998). Land values are relatively low, rang-
ing from US$10 to US$200 ha™!, depending upon the quality of road access.

5.4. Improved pasture technologies: Brachiaria and legumes

Our study analyses three technological options promoted by the Tropileche
consortium: a new Brachiaria grass variety, an association of Brachiaria with
a legume called Arachis pintoi and a cut-and-carry system with Cratylia, a
leguminous bush that serves as a protein bank during dry months. To establish
a hectare of Brachiaria only requires $250 and 7 man-days. If one adds Arachis,
the cash outlay rises to $300. The Cratylia option, on the other hand, requires
$400 and 19 man-days ha™! year!. Approximately once every 4 years,
farmers may reseed their pastures to maintain them and this costs about
25% as much as the initial establishment.

To varying degrees in all sites, the improved forages increase both stocking
rates and milk production. The Brachiaria option in Peru increases production
by only 0.2 AU and 0.3 kg head™! day™!. However, the use of Cratylia in Costa
Rica can raise production by 1.6 AU and 2.0 kg head™! day~!. How ranchers
manage their systems greatly affects the results. Table 6.2 provides details for
each option and site (Holmann and Estrada, 1998; Holmann, 1999; Rivas and
Holmann, 1999).

Table 6.2. Costs (labour and capital) and benefits of pasture options.

Labour  Labour Milk
input costs  Capital Stocking production IRR*
Country and pasture (man-days ($ ha™ input rate (kg head™ (%
technology ha™year?) year?") ($ha) (AUha™) day™") vyear™
Costa Rica
Native 3 30 - 0.9 4 -
Brachiaria 7 70 270 1.3 5 9.4
Brachiaria/Arachis 7 70 300 1.5 5.8 10.1
Cratylia 19t 190 395 2.5 6.0 12.3
Colombia
Native 3 39 - 0.9 2.4 -
Brachiaria 7 91 270 1.2 3.0 12
Brachiaria/Arachis 7 91 300 1.5 3.6 19.3
Peru
Native 3 12 - 0.7 2.5 -
Brachiaria 7 28 50-250 0.9 2.8 0-12
Brachiaria/Arachis 7 28 280 1.3 3.3 9.8

*Lactating herd is 36% in Costa Rica, 40% in Colombia and 20% in Peru.
fLabour input only during the dry season.
IRR, internal rate of return.
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6. Empirical Results

Does improved pasture technology decrease pressure on surrounding forest by
providing financial incentives to invest in an intensive rather than extensive
manner? We address this question by examining the issues of technology
adoption, the effect of land prices and the link between technology and forest
cover.

6.1. Technology adoption

Each of the three sites presents a different adoption tale. In Costa Rica,
the 6-month dry season and the associated low forage output constrains
production and influences farmer decisions. To feed dual-purpose cows during
those dry months, producers have adopted all three options, the grass, the
grass—legume association and the cut-and-carry systems. On average, farmers
have improved 15% of their pastures, ranging from 45% on small-scale farms
to 5% on large farms (Fujisaka et al., 1997). This potentially counterintuitive
situation emanates from the fact that small-scale farms require more intensive
land-use strategies. Despite establishment costs, they more readily adopt the
new technologies to increase stocking rates.

Over the last 10 years, ranchers in Colombia have had strong incentives
to adopt new pasture species resistant to spittlebug (Aeneolamia spp. and Zulia
spp.), as this pest reduces pasture biomass production by 30-35% (Valério and
Nakano, 1987; Holmann et al., 2000). The susceptible Brachiaria decumbens
grass is giving way to the more resistant Brachiaria humidicola and Brachiaria
brizantha, now used on 38% and 25% of the farms, respectively. About 25% of
farms have adopted the leguminous A. pintoi. Although over 80% of the pro-
ducers felt satisfied with the performance of Arachis, their capital constraints
limit further establishment (Rivas and Holmann, 1999).

During the 1970s, technicians in the forest margins of Peru promoted
B. decumbens to improve pasture performance. Since native grasses, such as
Torourco species, degrade rather quickly, farmers were attracted by the greater
vitality of B. decumbens and many adopted it. Between 1982 and 1996,
Brachiaria use rose from 15.5% to 40% of total pasture cover (Riesco et al.,
1986; Fujisaka, 1997; Fujisaka and White, 1998). Nevertheless, continued
pasture improvement proved more difficult. Efforts to promote pastures that
incorporate leguminous forages faced major challenges, because of the high
costs of these systems and farmers’ limited access to capital.

6.2. Benefits and costs of pasture investment

The best way to assess whether farmers are likely to adopt improved pastures is
by contrasting their financial performance with the alternative of expanding
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pasture area by purchasing more land or clearing remaining forest. The figures
below refer to the financial costs and benefits as perceived by private land-
holders. While there may be social costs and benefits, they are less likely to
affect adoption and the relation between technology and forest cover. Hence,
we do not address them in this chapter. For more information regarding social
costs and benefits, see Nations (1992) and Toledo (1992).

Although improved pastures require more labour to maintain them, the
greatest obstacle to getting small-scale farmers to adopt them is their large
initial establishment cost. Intensive pasture systems can be highly profitable,
but, when capital is scarce or cannot easily be borrowed, they are not
financially feasible. Thus, it is illustrative to compare the establishment costs
of each pasture option. We assume the amount of labour required is the same
in all three countries, because labour productivity is likely to be similar. To
compare the intensive and extensive options meaningfully, we examine
production in each, including stocking rates and milk production.

Ranchers realize the benefits from improved pasture investments over
time. Thus, to determine how improved pastures perform from a financial
perspective, one must sum up and compare the cash flows of both benefits
(increased milk and beef production) and costs (establishment and mainte-
nance). One useful measure for examining an investment over time is the
internal rate of return or IRR. By definition, the IRR is the interest rate received
for an investment, consisting of payments and income that occur at regular
periods.

For the three sites, we employed a 12-year time frame to compare the
IRR performance of the improved pasture options (see Table 6.2). In Costa
Rica, the IRR ranged from 10.1% for the Brachiaria—Arachis association to
12.3% for Cratylia. For Colombia, the IRR for improved legume-based pasture
(B. decumbens and Arachis) pasture is 19%, whereas the IRR for the B.
decumbens option is 12%. In Pucallpa, the B. decumbens and Arachis association
has an IRR of 9.8%. Even though the local real interest rate exceeds the IRR of
the improved pastures in all sites, farmers who adopt the technologies do so by
self-financing the establishment costs.

To compare improved pasture with the extensive alternative also requires
examination of the establishment costs. Cost estimates of the improved pasture
options include pasture establishment; those for the extensive options also
include the cost of fencing. At the Costa Rica site, the total capital investment
per hectare for the extensive option is about US$2600. In comparison,
ranchers must invest approximately US$400 ha™! to adopt the Cratylia option,
which permits 89% of stocking capacity and 92% of the milk production that
one could obtain by doubling the pasture area.

For Colombia, it costs $830 to establish and stock a hectare of native
pasture, while it takes an additional $780 to do the same with improved
pasture with Brachiaria—Arachis. The legume association can support 83%
more cattle and yields 75% more milk than the extensive option. In Pucallpa,
an additional hectare of a native pasture costs approximately $150, while
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establishing an improved forage alternative requires about $250 more. This
latter alternative can maintain 93% more stock and yields 56% more milk
than the extensive option.

6.3. Land price: an ex ante indicator of adoption potential

The Tropileche experiences mentioned above led the researchers involved to
raise the issue of what determines whether ranchers will adopt a specific inten-
sive pasture technology. Although there is a long list of potentially relevant
factors, land prices appear to largely drive ranchers’ decisions about investing
in improved forage technologies. As land price rises, farmers find it harder to
increase their farm size, since they are typically capital-constrained. Instead,
they adopt improved forage alternatives to enlarge their herds for less money.
Land costs range from only $150 ha™! in Peru to $2400 ha™! in Costa Rica,
with Colombia in the middle with $450 ha™1.

The evidence from the sites suggests that locations with mature markets
(a demand for more and higher-quality milk) and greater access (shorter
distances and better roads) have higher land prices. In other words, the value
of markets and access is capitalized into the price of land. Following the
land-use continuum presented in Fig. 6.1, each of our sites represents a
different level of market development and associated land price. For example,
in the Costa Rica site, farmers supply fluid milk to a central processing facility
and capture a high value. In Florencia, Colombia, they produce milk to satisfy
industrial demand. To lower transport costs, a satellite processing plant
condenses the milk before transport to a metropolitan facility for subsequent
processing. In Pucallpa, local groups have sought to attract investment for
constructing a milk processing plant but failed. Companies like Nestlé require
that the region supply at least some 200,000 1 day™ before they would be
willing to build a plant, which is beyond the region’s current capacity. The
poor quality of the surrounding roads and long distances to major markets
have also discouraged processing investments.

6.4. Linking improved pasture technology to forest cover

To examine the impact of improved pastures on forest cover, we first present a
cross-sectional analysis of the three sites, using a land-use history framework,
and then a time-series comparison of one site, Florencia.

Pucallpa lies on the nascent side of the land-use continuum presented in
Fig. 6.1, where improved pasture technologies are not a viable option for most
farmers. It is much cheaper for them to purchase more land than to intensify
their current holdings. Since they never even take the first step of adopting
the technology, improved pastures have no or little impact on forest cover. The
area finds itself in a trap: demand for dairy products by processors is low
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because farmers do not supply enough to justify investment in processing, and
farmers do not increase their supply because currently no processors demand
their products. In light of the frustrated attempts to promote new pasture
technologies in the region, Tropileche is redirecting its research efforts to other
regions. The western Brazilian Amazon faces a similar situation. Despite 25
years of research and promotion, most small farmers there have not adopted
improved pasture technologies and livestock management systems (Faminow
etal., 1998).

It is important to note that technology adoption does not always imply
intensification, as demonstrated by the use of Brachiaria in Pucallpa. Initially, it
required intensive investment in capital, but now it easily propagates and
grows vigorously. In addition, Brachiaria adoption and forest cover have been
perversely linked. The region’s low stocking rates, combined with political
instability during the late 1980s, have led to a supply of pasture biomass that
exceeds what the present cattle herd demands (Fujisaka and White, 1998). In
this context, Brachiaria has sometimes become a weed and flammable fuel,
which helps fires to spread into the surrounding forest.

Costa Rica sits on the mature side of the land-use continuum. Farmers can
afford to adopt improved pastures and they are financially feasible. Yet here
also the technology affects forest cover only marginally. The region was largely
deforested decades ago and forest clearing is currently not a major issue.
Indeed, the main thrust of government and development agencies efforts
at present is to reafforest marginal agricultural land and pasture. While it
may be tempting to do so, one cannot attribute these reforestation efforts
to the adoption of intensive pasture technologies, since government policies
and other factors have had such an active role.# Perhaps, as we argue below, to
either protect forest cover or reafforest requires government policy initiatives.

Lying between the Peru and Costa Rica sites, we have the intermediate
case of Colombia. The way land use has evolved there suggests that improved
pasture technology has reduced pressure on forests. A 1986 farm survey found
that, on average, farms had 7% of their land in forest and 26% in improved
pastures (Ramivez and Seré, 1990). By 1997, the improved pasture area
had increased to 58% and the forest area to 10%, although admittedly the
change observed fell within the survey’s margin of error (Rivas and Holmann,
1999). The improved pasture technologies appear to have increased biomass
production so much that they have exceeded the existing cattle herd’s capacity
to consume it. Thus, farmers have little financial incentive to expand into the
surrounding forest.

These Colombian results come with two caveats. First, no one knows
whether the land-use outcome will be temporary or permanent. It could be
just a matter of time before the natural growth of the herd catches up with
the availability of feed supply and ranchers again feel the need to clear
additional forest. Hence, the current pasture—forest relation may not represent
an equilibrium state, since, as the years go by, the factors constraining farmer
land-use decisions are likely to change.



Pasture Management in Latin America 105

Secondly, we reported the above results in percentages, but absolute
farm size has also changed. Over the 11-year span, average farm size grew
from 131 to 158 ha. In absolute terms, improved pastures went from 33
to 91 ha, while average forest cover increased from 9 to 16 ha. While most
of the growth in farm size appears to have come from consolidation with
neighbouring ranches, some encroachment into forests may have occurred.
Thus, the aggregate impact on forest cover at the regional level may not be as
clear.

7. Conclusions

Our review of the evidence regarding the effect of improved pasture technology
on forest cover has led us to an alternative hypothesis. Forest scarcity is a
prerequisite for technology intensification. The best way to illustrate this
shift in causality is to go back to our land-use continuum. On the side of the
continuum with nascent markets and low land values, as in the Peruvian
Amazon, continued deforestation and extensive cattle production both appear
to be rational private choices. As land-use patterns mature, with less forest and
more developed markets, land prices rise. In Costa Rica and, to a lesser extent,
Colombia, farmers intensify to avoid pasture degradation and the higher-cost
option of expanding on to neighbouring lands. Hence, land price reflects a set
of biophysical and socio-political-economic factors, which come together in a
simple decision rule that mirrors our second hypothesis. If it is cheaper to
intensify production than to cut surrounding forest or purchase more land,
then farmers will find improved pasture technologies attractive and adopt
them.

It is important to recall that land use in the forest margins is
dynamic. Thus, for example, the technology—forest-cover link we identified
in Colombia is likely to be ephemeral. Hence, to control deforestation in the
long term will probably require policy intervention. In tropical Latin America,
where land degradation can spur further deforestation, technological
advances that bring degraded land back into production are a critical policy
component.

At the same time, one should not forget that policy-makers have other
legitimate objectives besides minimizing deforestation and land degradation.
They must also be concerned about the welfare of the people living at the
forest margin. If properly targeted and coupled with policies that restrict
deforestation or make it financially unattractive, technical advances such as
improved pastures can achieve these multifaceted objectives of human welfare
and environmental sustainability. Below we present some policy options that
might meet this dual set of goals (see also Ledec, 1992; von Amsberg, 1994;
Nicholson et al., 1995; Kaimowitz, 1996).
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7.1. Protected areas

In principle, national parks and reserves can maintain forest cover. Yet issues
regarding property rights, governance and land encroachment can be chal-
lenging. In the USA, for example, the US cavalry had to patrol and protect the
national parks for almost 30 years after the first park was created in Yosemite
in 1886 (Hampton, 1971). We do not say this to espouse military involvement
but simply to illustrate how much effort it might take to enforce the policy.

7.2. Extractive reserves

These make land with standing forest more valuable. The promotion and
development of non-traditional forest products can provide private incentives
to use forests (Kishor and Constantino, 1994; Rice et al., 1997).

7.3. Targeted agricultural research

Universities and national and international research centres must continue to
develop new agricultural and livestock technologies, but they must also target
their research domains better (Loker, 1993). Governments and development
agencies can use credit, tax and land-reform policies as incentives to rehabili-
tate degraded lands for improved pastures, agricultural use or reforestation.

7.4. Conservation payments

In theory, these can allow private landholders to receive monetary compensa-
tion for the public services they provide and can come in many forms,
including reforestation campaigns and carbon sequestration payments.
Managing these interventions is tricky, however, and a lot of work is still
needed on market mechanisms, monitoring and accountability (Swisher and
Masters, 1992). For example, inappropriate incentive structures may not lead
to greater reforestation if the projects involved focus on the number of trees
planted, rather than the percentage that survive. To establish a functioning
carbon sequestration payments system will be even more challenging.

7.5. Private cattle product certification

In principle, milk processors could require their suppliers to use ranching
practices, such as use of silvopastoral agroforestry systems or intensive pasture
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management, if they had an incentive to do so. In some cases, marketing
benefits accruing from producing a ‘green’ product may be sufficient to cover
costs, although the media and the public would probably still need to monitor
the claims made by companies.

Although some people may not like the idea, forest-margin regions will
continue to have cattle for the foreseeable future, because producers need
the incomes and consumers demand the products. In many frontier regions,
farmers have no viable use for their land besides cattle. This leads to situations
such as we found in Pucallpa, where desperate farmers, with few alternative
options, have established pastures without even having cattle in the hope that
they might get some in the future. Moreover, consumer demand for animal
products will continue to grow rapidly. In developing countries as a whole, the
livestock sector expanded so fast between 1982 and 1993 that a recent Inter-
national Food Policy Research Institute/Food and Agriculture Organization/
International Livestock Research Institute study (IFPRI/FAO/ILRI, 1998) has
called it The Next Food Revolution. Annual growth rates during that period
were 7.4% for poultry, 6.1% for pork, 5.3% for all meat and 3.1% for milk. It
remains to be seen whether the necessary increases in agricultural and animal
production will come from extensive or intensive production systems (May and
Segura, 1997).

All of this implies that researchers must move beyond examining how
intensification affects deforestation and proactively find ways to improve the
feasibility of adopting intensive technologies. Future research should provide
alternative land uses so that deforestation and extensive land use will no
longer be farmers’ most attractive option. Technical research, to increase
productivity and prevent land degradation, must go hand in hand with policy
analysis and implementation to increase incentives for forest preservation,
while addressing farmer objectives. Until then, forest cover will continue to
affect the intensification of pastures.

Notes

1  The authors would like to express their appreciation to an anonymous reviewer,
David Kaimowitz, Arild Angelsen, Dean Holland, David Yanggen, Douglas Pachico and
the workshop participants for their helpful comments.

2 See Holmann (1999) for details on the consortium.

3 Athird option involving simultaneous intensification and extensification may also
exist. But, for small-scale farmers with very limited capital and labour, this option is
unlikely to be feasible, especially in the short term.

4  Government payments to promote secondary forest growth and low earnings from
cattle production have led many landowners to let their pastures become forests in
northern Costa Rica (Berti Lungo, 1999).
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1. Introduction!

It is increasingly clear that economic alternatives [to traditional pasture systems]
need to be provided. One option is to provide credit and technical assistance to
make better use of existing pastures . . . studies undertaken . . . suggest that
well-managed pastures can produce three times more than the average pasture
in the Amazon.

(Translated from Veja, 7 April 1999, p. 115)

This chapter examines three basic questions regarding the use of more inten-
sive livestock technologies by small-scale farmers in the western Brazilian
Amazon. Are farmers likely to adopt them?2 Would it help protect the forest if
they did? What would the effects on the farmers’ welfare be? These issues are
fundamental, because many people have come to see intensive cattle ranching
as a ‘win— win’ alternative that can simultaneously remove pressure on huge
expanses of the Amazon'’s forests and improve farmers’ well-being. Others look
at it as a dangerous endeavour, more likely to favour forest destruction than
forest conservation, i.e. intensification of this already widespread production
system would actually promote the extensive expansion of the agricultural
frontier.

In a ‘best-case’ scenario, intensification increases incomes and reduces
deforestation. In a ‘worst-case’ scenario, farmers do not adopt more intensive
systems and their traditional livestock systems deteriorate over time. Incomes
decline and deforestation continues or even accelerates, as farmers clear new
land to support their herds. In an ‘intermediate case’, farmers might adopt
more intensive systems and thereby increase their incomes, but also clear
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more forest. The latter may occur because the new technology makes it more
profitable to plant pasture and generates additional resources to finance
expansion. This implies there would be clear trade-offs.

As used in this chapter, the term ‘intensify’ refers to the adoption of cattle
production systems that have higher output per hectare. This can be achieved
through the use of various pasture and herd management practices, increased
use of purchased inputs and/or improved breeding stock. We focus exclusively
on small-scale farmers, because of their large numbers and their importance in
cattle management; an estimated 500,000 smallholders live in the forest
margins of the Brazilian Amazon and, by 1995, over 40% of the total cattle
herd in the state of Acre was held on ranches smaller than 100 ha (IBGE,
1997).

The next section gives background on the Amazon, its development
and the policies that have influenced development over the past few decades.
Section 3 provides a general overview of smallholder land-use patterns in the
western Brazilian Amazon and describes the production systems that generate
those patterns. Section 4 describes selected livestock production systems in the
western Brazilian Amazon and the capital and labour requirements associated
with establishing and managing these systems. It also looks at what these
summary statistics can tell us about technology adoption and the links
between intensification and deforestation. Section 5 presents a farm-level
bioeconomic linear programming (LP) model, which allows us to directly
assess the adoptability and impact (if adopted) of more intensive pasture and
cattle production systems. Section 6 presents and compares the results of
model simulations used to make these assessments, paying special attention to
land use (including deforestation), herd dynamics and household income.
Conclusions and policy implications appear in section 7.

2. Tapping the Resources of the Amazon

The Amazon basin occupies 7.86 million km? in nine countries, covers about
44% of the South American continent and houses the largest tracts of the
world’s remaining tropical moist rain forests (Valente, 1968). More than 60%
of the Amazon forest is located in northern Brazil. This forest covers over 52%
of Brazil's entire national territory (IBGE, 1997), an area larger than Western
Europe (INPE, 1999).

Since the early 1960s, the Federal Government of Brazil has seen the
Amazon region as a depository of huge amounts of natural resources (forests,
agricultural land, minerals, etc.) to be used to fuel economic growth. To exploit
those resources and integrate the region into the national economy required
a substantial workforce. However, the region’s low population density (about
0.9 km™2 in 1970) made labour scarce. The government also viewed the vir-
tual absence of Brazilian citizens as a threat to national security, particularly
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given the flourishing illicit drug trade in neighbouring countries (Forum Sobre
a Amazonia, 1968; Government of Brazil, 1969, 1981; SUDAM, 1976; Smith
etal., 1995; de Santana et al., 1997; IBGE, 1997; Homma, 1998).

Tapping the Amazon's resources and developing the region proved
difficult. Huge distances and poor or non-existent infrastructure separated
the area from the major markets. This made the region’s inputs expensive
and its products less valuable. The huge diversity of the Amazon’s mosaic of
ecosystems saddled planners with the unexpected need for expensive niche-
specific projects and programmes. Indigenous people became increasingly
vocal about their claims to large tracts of land and the associated resources.
Simultaneously, the international community began to pressure the Brazilian
government regarding its planned uses of the Amazon, based on its own
concerns about greenhouse-gas emissions and biodiversity conservation.

Despite large gaps in knowledge, the Federal Government decided to go
ahead with its homogeneous set of policies aimed at developing the Amazon
region. To this end, it initiated ‘Operation Amazon’ in 1966 and set out a broad
geopolitical and economic plan for the region (Government of Brazil, 1969;
Mabhar, 1979; de Santana et al., 1997). To supply the legal framework, finan-
cial resources, transportation networks and electric power needed to establish
migrants and industry in the Amazon, the government created a plethora
of regional development agencies and policy instruments. These included
the Amazon Development Agency (SUDAM), the Amazonian Duty-Free
Authority (SUFRAMA) and the Amazonian Regional Bank (BASA). Often this
support took the form of subsidized credit to agriculture (particularly extensive
beef-cattle ranching) and mining projects (Forum Sobre a Amazonia, 1968;
Government of Brazil, 1969, 1981; SUDAM, 1976; Smith et al., 1995; IBGE,
1997; de Santana et al., 1997).

In the early 1970s, world economic and oil crises led to a severe economic
recession in Brazil. This, combined with agricultural modernization and conse-
quent changes in farm structure, generated large increases in unemployment
and landlessness in southern Brazil, as well as social conflicts. The Federal
Government saw the opportunity to solve two problems at once. By moving
unemployed and landless people to the Amazon and establishing them in
settlement projects, it could both reduce social pressures in the south and
increase the supply of labour for development activities in the north (SUDAM,
1976; Government of Brazil, 1981; Bunker, 1985). In the efforts to encourage
landless people to migrate and colonize, millions of hectares of forested land
were turned over to small- and large-scale farmers, despite limited knowledge
about whether these areas could support viable agriculture (Valentim, 1989;
Wolstein et al., 1998). Incentives to migrate were successful; in the western
Brazilian Amazon population grew substantially. The neighbouring State of
Acre’s 1950 population of about 100,000 jumped to nearly 500,000 by 1996.
Rondonia’s population went from under 100,000 to over 1.2 million during
the same period.
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The process of converting forest to agriculture in the western Amazon
states of Acre and Rondonia has now been under way for over two decades,
and has had major direct and indirect impacts on growth, poverty alleviation
and environmental sustainability — a ‘critical triangle’ of development
objectives (Walker and Homma, 1996; Vosti et al., 2001).

Economic growth has been substantial. Rondonia had become the third
largest coffee-producing state in Brazil by 1997 and now has some 4 million
head of cattle (IBGE, 1997; Soares, 1997). In neighbouring Acre, the area
dedicated to agriculture increased from virtually zero in1975 to about 10% of
the state’s total area by 1999. Acre’s cattle herd grew from practically nothing
in 1975 to nearly 800,000 head in 1998 (IBGE, 1997). Pasture is the
dominant use of cleared land in both states, occupying 1.4 million ha in Acre
and about 5.4 million ha in Rondoénia (IBGE, 1997).

Progress on poverty alleviation has also been impressive. Between 1970
and 1996, the United Nations Development Programme (UNDP) human
development index in Acre rose from 0.37 to 0.75. Over the same period, life
expectancy at birth climbed from about 53 years to over 67 and adult literacy
shot up from about 47% to over 70% (UNDP, 1998).

The environmental record has been less encouraging. Roughly a quarter
of Rondonia’s forests have been converted to agriculture over the past 20
years, and about 70% of this is area currently dedicated to low-productivity
pastures. Acre has suffered less deforestation (averaging about 0.5% per year
over the 1989-1997 period, compared with 1.5% in Rondoénia). But declining
earnings from traditional extractive activities in Acre may lead to increased
forest clearing for agriculture, perhaps even by rubber tappers (Homma, 1998;
INPE, 1999).

In summary, forest conversion and subsequent agricultural activities
have improved the welfare of many rural families. Nevertheless, questions
persist about whether these gains will prove sustainable and replicable. The
future role of cattle production in the region is also in doubt and many people
are looking for alternative ways to increase growth and reduce poverty that
involve less forest conversion (Serrao and Homma, 1993).

The search for alternatives will not be easy. In many ways the ‘deck is
stacked’ in favour of extensive agricultural activities, particularly cattle
production. As farmers weigh the relative returns to scarce factors in this
generally land-abundant and labour-scarce region, characterized by large dis-
tances to major markets and imperfect credit markets, it is not surprising that
they have turned to livestock (Vosti et al., 2000). Cattle production systems
dominate the landscape, and it is difficult to imagine any production system
displacing them. One logical point of departure in the search for alternatives,
then, is to ask whether there is any way to modify the current extensive cattle
production systems (which consume large amounts of forest) in order to make
them both more productive and less destructive to forests. The following
sections turn to precisely that question.
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3. Smallholder Land Uses and Land-use Systems

According to survey data from smallholders in the western Brazilian Amazon,
forest continued to cover about 60% of the land on the average farm in 1994
(Witcover and Vosti, 1996). Pasture dominated the use of cleared land (taking
up about 20% of total farm area), followed by fallow (8%), annual crops (6%),
perennial tree crops (3%) and intercropped annual/perennial areas (1%).
Moreover, the average proportion of cleared land dedicated to pasture and
cattle production activities increased by roughly 5% of farm area in the space
of 2 years, mirroring state-wide trends (Vosti et al., 2001).

The predominant land-use trajectory (Fig. 7.1) begins with the clearing of
the forest and ends in the establishment of pasture (Lefia, 1991; Dale et al.,
1993; Browder, 1994; Jones et al., 1995; Fujisaka et al., 1996; Scatena et al.,
1996; Vosti and Witcover, 1996; Walker and Homma, 1996; Vosti et al.,
2001). Newly deforested land (on average, about 4.7 ha every other year)
generally goes into annual crop production for about 2 years. After that, three
possibilities exist. Farmers can put the land into a fallow rotation lasting about
3 years, after which it can be returned (usually only once) to annual crop
production. Or farmers may put the land into perennial tree crops, which,
depending on the type of tree crop and its management, can last up to a decade
before replanting (some external inputs are required). Or farmers can dedicate
the land to pasture, where, depending on herd and pasture management
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Fig. 7.1. Observed land-use trajectories by small-scale farmers. Number of years
noted below each land-use box indicates time continuously in a given land use,
and not the time elapsed since t, (the year in which deforestation on a given plot of
land occurs).
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practices, it can remain productive for 15 years or more.3 This chapter
examines how attempts to intensify this ‘final’ activity of the most common
land-use trajectory affect deforestation and farmer livelihoods.

4. Traditional and Intensified Cattle Production Systems

Large farms, which have to a certain degree intensified their production sys-
tems, dominate the agricultural landscape in the western Brazilian Amazon.
Farms larger than 200 ha accounted for roughly 70% of all planted pastures
in Acre in 1995 (IBGE, 1997). Nevertheless, smallholders (less than 200 ha)
managed 49% of the state’s natural pastures, all low quality and degraded
(IBGE, 1998).

Smallholder production systems in the western Amazon tend to have low
stocking and calving rates and to generate returns to labour similar to the pre-
vailing rural wage rate (Vosti et al., 2000). In spite of their modest profitability,
several features make these systems attractive to many farmers. They are easy
to manage and demand little technical expertise. They are inexpensive to
establish and maintain, and require few purchased inputs. Cattle can assist
farmers in slowing spontaneous forest regeneration, which can be rapid, even
on soils depleted by annual crop production. Finally, labour and/or credit
constraints limit farmers’ ability to expand into more profitable alternatives,
such as small-scale coffee production. Often they are left with significant
amounts of cleared land that they cannot use for anything but cattle, given the
amount of labour and capital available.

Some smallholders are, nevertheless, intensifying their cattle production
systems. The remainder of this section defines ‘traditional’ and ‘more
intensive’ production systems and then examines the capital and labour
requirements of establishing and managing each of them.

Tables 7.1 and 7.2 present the technical coefficients for three types of
pasture production systems and two types of dairy systems in Acre. Each
column in the tables represents a different technological ‘package’. The
rows show resource requirements and expected production, over a 20-year
period. We derived the technical coefficients for all the production systems
from focus-group meetings with farmers, agricultural extension agents
and researchers, and from field research (EMATER-Acre and Embrapa, 1980;
Carpentier et al., 2001).

The first technological package described in Table 7.1 is the traditional
pasture system (labelled P1). Farmers with this system use a traditional grass
called Brizantao (Brachiaria brizantha). They manage the pasture poorly and
the pastures display high levels of weed invasion. The more intensive
grass-based system (labelled P2) also uses Brizantdo, but farmers rotate
grazing on and weed these pastures and consequently have fewer weed
problems. The third pasture system (labelled P3) is the most intensive and
incorporates the use of tropical kudzu, a legume, in addition to Brizantao (see
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Chapter 12 by Yanggen and Reardon in this volume). In addition, the pasture
is well managed. Ranchers rotate grazing on their pastures adequately and
weed invasions are not prevalent.

Table 7.1 shows that P2 and P3 technologies significantly increase
the lifespan and carrying capacity of the pasture system, compared with the
traditional system. Two factors are chiefly responsible for this. First, P2 and P3
initially use more labour for weeding, green chop and pasture maintenance.
Secondly, and perhaps more importantly, they use nearly twice as much

Table 7.1. Small-scale pasture production systems for Acre, by level of
technology.

Grass
Grass/legume
Technical coefficients P1 P2 P3
1. Inputs
Seeds (kg ha™)
Brizantao 15 15 15
Kudzu 1
Labour (man-days ha™ year™)
Seeding (year 1) 3 3 3
Weeding (year 1) 2 3 3
Weeding and P3 green chop (years 2-4) 2 3 3
Weeding and P3 green chop (years 5-11) 2 3 1.5
Fencing
Length (km of fence ha™' of pasture) 0.063 0.106 0.106
Oxen time (man-days km™ of fence) 4 4 4
Own chain-saw (man-days km™ of fence) 4.5 1 1
Labour (man-days km™ of fence) 59 56 56
Total costs (R$ km™ of fence)* 302 347 347
2. Production
Carrying capacity (animal units ha™,
rainy season)
Year 2-3 1 1 1.5
Year 4 1 1 1.5
Year 5 0.88 0.99 1.5
Year 6 0.79 0.97 1.5
Year 8 0.49 0.9 1.5
Year 9 0.39 0.85 1.5
Year 10 0.29 0.8 1.5
Year 11 0.3 0.85 1.48
Year 15 0 0.65 1.4
Year 20 0 0.15 0.9

*All values are in 1996 Brazilian reais, labelled R$; in 1996, one R$ was roughly
equivalent to one US$.
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fencing to segment pastures. The same two aspects that contribute to higher
yields, however, can be formidable obstacles to adoption. Farmers may lack the
labour and expertise required for managing legume-based pastures, as well as
the capital to make substantial outlays for fencing.

Table 7.2 presents technical production coefficients for two types of dairy
production systems — D1 (traditional, low-input) and D2 (more intensive).
The pasture and the dairy packages are ‘coupled’, i.e. more intensive cattle
production can only occur alongside more intensive pasture production,
and vice versa. The first block of rows in Table 7.2 shows the herd input
requirements for feed supplements, animal health and labour. The second

Table 7.2. Small-scale dairy production systems in Acre, by level of technology.

Technical coefficients D1 D2

1. Herd inputs
Feed supplements

Elephant grass, forage (kg animal™) 0 20
Salt (kg animal™ year™) 110 0
Mineral salt (kg animal™" year™) 0 18.25

Animal health
Aftosa (foot and mouth disease) 2 2
(vaccinations animal™ year™)

Brucellosis (vaccinations female calf™ year™) 0 1
Rabies (vaccinations animal™ year™) 0 1
Carrapaciticida (ml of butox animal™ year™) 5 10
Worm control (ml animal™ year™) 10 25
Antibiotics
Mata bicheira (cc animal™ year™) 0 0.03
Terramicina (ml year™ to half the herd) 0.06 0.13
Labour for herd management
Milking (man-days lactating cow™ month™) 0.9 1.5
Other activities (man-days animal unit™ month™) 0.3 0.6
2. Herd dynamics
Calving rate (% cows giving birth year™) 50 67
Mortality rate (death rates, by age, %)
< 1 year 10 6
< 2 years 5 3
> 2 years 3 2
Culling/discard rate (% animals discarded year™)
Cows 0 10
Bulls 6 12
3. Milk production
Milk production dry season (litres day™) 2.5 4.5
Milk production wet season (litres day™) 3 6

Lactation period (days year™) 180 240
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block of rows presents herd demographics. The final block of rows presents
milk production coefficients.

As in the case of pasture systems, different production systems involve
different levels of investment and changes in management strategies. The
traditional dairy system uses low-productivity cattle. Ranchers need little
expertise to manage the system, which also makes minimal use of purchased
inputs. In contrast, the more intensive dairy system involves an improved
breed of cattle, substantial use of purchased inputs and improved animal
husbandry techniques.* Not only must the rancher purchase animals of
higher quality, he or she must also manage the herd more intensively to realize
that genetic potential.

The D2 dairy system requires substantially more purchased inputs than
the D1 system. Ranchers provide the cattle with mineral salt and elephant
grass (green chop) in the dry season, rather than simple salt. The types,
number and dosages of vaccinations also increase.

Herd management (culling and discard rates) changes radically in the
D2 system. Ranchers using the D1 system do not necessarily discard their
cows, although older cows are generally sold, depending on liquidity needs. In
contrast, with D2 technology 10% of cows (the oldest and least productive)
must be discarded each year to achieve productivity goals.

These changes in the herd genetic composition and management
techniques lead to large differences in milk production. Moving from D1 to D2
technology roughly doubles daily milk offtake and increases lactation periods
by about one-third.>

Tables 7.3, 7.4 and 7.5 summarize the capital and labour requirements
for the establishment and maintenance phases of P1 and P2 pasture
systems, coupled dairy—pasture systems (D1-P1, D2-P2 and D2-P3) and
coupled beef—pasture systems (B1-P1, B2—P2 and B2—P3), respectively.

During the pasture establishment period (Table 7.3), which lasts for about
1 year for all the technologies, switching from P1 to P2 technologies requires
substantial (but not proportional) increases in capital and labour. Capital
inputs increase by about 60% and labour requirements roughly double.
During the maintenance phase, however, no capital is required and, depend-
ing on which of the two more intensive technologies the rancher adopts (P2 or
P3), labour use can increase or decrease. P2 grass-based pastures require more
labour for weeding than do P1 pastures, but P3 legume-based pastures require
less. Finally, the capital/labour ratios show that P2 and P3 pastures (but
especially P2) are more labour-intensive than traditional pasture technologies.

Adding information on pasture costs to the establishment and operational
costs associated with different intensities of dairy production yields Table 7.4.°
Several results emerge. To establish a D2—P3 system requires about 2.5 times
more capital than to establish a traditional dairy/pasture system (D1-P1),
primarily due to the costs of acquiring a more productive herd. In addition, the
labour required for establishing more intensive systems more than doubles,
primarily due to more fence building. Thirdly, due to increased milking
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Table 7.3. Capital and labour requirements for establishment and maintenance of
pastures, by technology, per hectare.

Pasture Pasture Pasture legume/
traditional grass-based grass-based
P1 P2 P3

Establishment period (1 year)

Capital requirements 152 241 252
(R$ ha™' year™)

Labour requirements 6.3 11.4 11.4
(man-days ha™ year™)

Labour requirements 37.2 64.2 64.2
(R$ ha™' year™)

Maintenance period* 10 years 14 years 19 years
Capital (R$ ha™ year™) 0 0 0
Labour (man-days ha™ year™) 1.1 1.3 0.6
Labour (R$ ha™ year™) 5 8 3.5

Key ratios
Establishment period

Capital/labour ratio (R$/R$) 4.1 3.8 3.9
Maintenance period
Capital/labour ratio (R$/R$) 0 0 0

*Maintenance period is defined as the number of years during which inputs are
used to manage pastures. The useful life of pastures can extend a few years beyond
the maintenance period.

and herd management costs, it costs nearly three times as much in labour
to operate a D2-P3 system than to operate a D1-P1 system. Finally, in the
operational phase, the capital and labour costs of the most intensive system
(D2—P3) are about seven and two times greater, respectively, than in the tradi-
tional system. (These are all dairy-cattle costs. The pastures require no capital
during the operational phase.)

The much higher capital and labour requirements of the more intensive
systems can limit their adoption, especially in areas with poorly functioning
financial and labour markets. But, as we show below, the more intensive
systems are much more profitable. So, once established, we expect them to
generate sufficient cash to cover all labour and capital costs.

The more intensive D2—P2 systems are more labour-intensive than the
D1-P1 systems in the establishment phase (i.e. they have lower capital-to-
labour (K/L) ratios), because the labour required to weed the pastures
increases substantially. In contrast, the legume-based D2—P3 system is more
capital-intensive than the D1-P1 system, this time due to substantial increases
in purchased inputs for herd management. In the operational phase, the K/L
ratio rises (i.e. the systems become more capital-intensive) as we move from
the traditional to more intensive systems.
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Table 7.4. Capital and labour requirements for establishment and maintenance of
dairy/pasture production systems, on a per-hectare basis.*

Improved Improved
Traditional  dairy/grass- dairy/legume-
dairy/pasture based pasture based pasture

system system system
D1-P1 D2-P2 D2-P3
Establishment period (1 year)
Capital requirements (R$ ha™) 252 479 692
Labour requirements (man-days ha™) 7.6 15.9 19.6
Labour requirements (R$ ha™) 43.2 84.7 102
Maintenance period 10 years 14 years 19 years
Capital (R$ ha™' year™) 1.2 4.6 8.5
Labour (man-days ha™ year™) 3.6 8.2 10
Labour (R$ ha™ yrea)™ 21 44.5 48.2
Key ratios
Establishment period
Capital/labour ratio (R$/R$) 5.8 5.7 6.8
Maintenance period
Capital/labour ratio (R$/R$) 0.06 0.10 0.18

*Combined dairy/pasture system requirements are averaged over 20 years, for all
systems, to capture declining carrying capacity and the 'zero input' status of P1
and P2 grass systems, which are untouched after years 11 and 15, respectively.

P1 pastures become unproductive in year 15, but we continue to use this now idle
land to weigh calculations of average input requirements and production.

Finally, Table 7.5 combines information on pasture costs with the estab-
lishment and operational costs associated with different levels of intensity of
beef-cattle production. Moving from a traditional beef system (B1-P1) to more
intensive systems increases the absolute outlays for capital and labour during
both the establishment and operational phases of production. Labour costs
during the operational phase more than double with a shift from B1-P1 to
B2-P2, but the rise is less steep with the adoption of B2—P3, since it has lower
pasture management costs than B2—P2. The K/L ratio during the establish-
ment period for beef/pasture systems is basically unchanged by the move from
B1-P1 to B2-P2, but increases for the B2—P3 system. Finally, the K/L ratio
during the maintenance period increases with the adoption of more intensive
systems, due primarily to increased costs of maintaining herd health.

What can these summary tables tell us about technology adoption and the
possible links between the intensification of cattle production systems and
deforestation? If we keep in mind that small-scale farmers at the forest margins
generally operate in labour- and capital-constrained contexts, and if we focus
only on how they are likely to allocate their initial available resources and how
that might affect deforestation, we can deduce the following.
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Table 7.5. Capital and labour requirements for establishment and maintenance of
beef/pasture production systems, on a per-hectare basis.*

Traditional Improved beef/ Improved beef/
pasture/beef grass-based legume-based
system  pasture system pasture system

B1-P1 B2-P2 B2-P3
Establishment period (1 year)
Capital requirements (R$ ha™) 200 356 464
Labour requirements (man-days ha™) 6.8 13 14.3
Labour requirements (R$ ha™) 39.7 71.5 77.7
Maintenance period 10 years 14 years 19 years
Capital (R$ ha™ year™) 0.6 2.4 4.4
Labour (man-days ha™ year™) 2.8 5.3 4.7
Labour (R$ ha™ year™) 17.5 31.3 23.9
Key ratios
Establishment period
Capital/labour ratio (R$/R$) 5.0 5.0 6.0
Maintenance period
Capital/labour ratio (R$/R$) 0.03 0.08 0.18

*Combined beef/pasture system requirements are averaged over 20 years, for all
systems, to capture declining carrying capacity and the 'zero input' status of P1
and P2 grass systems, which are untouched after years 11 and 15, respectively.
P1 pastures become unproductive in year 15.

First, traditional beef production systems have the lowest absolute input
requirements. In addition, more intensive dairy systems have consistently
higher absolute capital and labour requirements than more intensive beef
systems — in some cases, substantially higher. Therefore, based on absolute
input requirements alone, farmers in severely constrained capital and labour
situations should find beef systems in general, and traditional beef systems in
particular, most attractive.

Secondly, traditional and more intensive systems have quite similar
establishment costs, but the role of capital in maintaining both dairy and beef
systems increases markedly as these systems intensify. Based on K/L ratios, the
capital constraints to establishing more intensive systems appear relatively
similar across all systems, but the more intensive systems impose relatively
higher capital constraints faced during the operational phases of production.

Based on absolute input requirements alone, farms adopting dairy produc-
tion systems of any type should deforest less than those adopting roughly
comparable beef production systems. With any given amount of labour and
capital the rancher has available, he or she will be able to establish a smaller
area with the dairy system than with a beef system that has a comparable level
of intensity. Following the same logic, intensifying any livestock production
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systems that involves grass-based pastures should reduce deforestation,
since intensive systems require more capital and labour. However, the most
intensive, legume-based pasture management system actually releases labour,
which could be used for deforestation.

Dairy systems are slightly more capital-intensive to establish than beef
systems with a comparable level of intensity (i.e. they have a higher K/L ratio).
However, since the establishment period lasts only a year or so for all systems,
the K/L ratio during the operational phase will have a longer (and perhaps
greater) influence on deforestation. The latter increases steadily as dairy and
beef systems become more intensive, suggesting that, if forest clearing were
a relatively capital-intensive activity, intensification of cattle production
activities would reduce deforestation by drawing capital away from forest-
felling activities.

Nevertheless, this analysis of the links between technology and deforesta-
tion, based solely on Tables 7.3 to 7.5, misses several key aspects. First, it fails
to address the profitability of the activities, and it is via profits that key
farm-level constraints to system adoption and expansion will be overcome.
Secondly, it does not specify what the smallholders’ objectives are. Thirdly, and
perhaps most importantly, the tables present particular activities in isolation of
one another and independent of other on- and off-farm activities. The inter-
dependencies among these competing activities may be much more important
in determining intensification/deforestation links than the requirements of
any specific activity, especially in capital- and labour-constrained environ-
ments. To include these elements, we need an approach that looks at the whole
farm. The following section takes such an approach.

5. A Farm-level Model

Farmers allocate land, labour and capital based on the expected returns
to alternative on- and off-farm activities. Some activities, such as annual
cropping, can generate short-term returns. Others, like cattle production,
bring returns over the medium term. Still others, including producing
timber-trees, offer returns only over the long term. Since poor smallholders
prefer short-term returns to long-term returns, timing matters a great deal.
When deciding between activities, farmers also face economic and bio-
physical constraints. For example, households do not have an unlimited
supply of labour to allocate to production and some cropping patterns are
simply not feasible on poor soils. The fact that smallholders are often
constrained in their access to factors of production implies that different
activities compete with each other for household resources. Thus, even if a
particular activity like cattle production or agroforestry looks quite promising
when examined in isolation, it may turn out to be less profitable than
alternative activities. To deal with the timing of returns, the degrees to which
biophysical or other constraints limit choices and the extent of on-farm
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competition among activities for scarce resources requires a long-term,
whole-farm view and analytical tools that are based on such a view.

We developed a farm-level bioeconomic LP model to explicitly account
for the biophysical and economic factors that determine farmers’ land-use
decisions and choices of production techniques.” The model assumes that
farmers maximize the discounted value of their families’ consumption streams
(directly related to, and hence below referred to as profit stream) over a 2 5-year
time horizon by producing combinations of products for home consumption
and sale, subject to an array of constraints. These constraints relate to the
technologies available to produce agricultural and forest products, the impact
of agricultural activities on soil productivity and the financial benefits
associated with different activities, including the potential to sell household
labour off-farm and to hire labour for agricultural purposes. Besides producing
agricultural products, farmers in our model also have the option of extracting
Brazil nuts, an activity that generates a low but constant per-hectare return.
The model also includes biophysical constraints, e.g. how soil fertility problems
restrict agricultural productivity and soil recovery, and to what extent
external inputs can correct these problems.

The model begins from a prespecified set of initial conditions. These
include the initial land use on the farm (depicted on the vertical axes of Figures
7.2 and 7.3 at ‘year zero’), as well as a number of farm- and household-specific
constraints (for example, family size and distance to market) that can influence
the allocation of land, labour and cash to alternative land uses.® The model
also takes into account certain market imperfections, e.g. quotas constrain
milk sales and farmers can only acquire 15 man-days of hired labour in
any given month. Finally, the model explicitly includes some forestry policies,
but excludes others. Small-scale farmers are not allowed to harvest timber
products from their forested land. However, the rule that forbids farmers from
clearing more than half of their farm for agricultural purposes is not enforced
in the model simulations presented here.?
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Fig. 7.2. Land uses under traditional-only cattle/pasture production technologies.
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Fig. 7.3. Land uses under the ‘free-choice’ cattle/pasture production technologies.

6. Results of Model Simulations

We present two sets of simulations to assess how introducing the more inten-
sive pasture and cattle (beef and dairy) production technologies described above
may affect deforestation and farm income, as well as whether farmers would
find the more intensive systems more economically attractive. First, we con-
strain our representative small-scale farmer to use only traditional (B1-P1 and/
or D1-P1) traditional production technologies. Then we allow the farmer to
select whichever pasture and cattle technologies maximize profits. In both sim-
ulations, the farmer can choose mixed beef/dairy herds, dairy only or produce
no cattle at all if other activities provide higher profits than cattle production.

6.1. Scenario 1: low-intensity technology only

When we restrict our representative small-scale farmer to adopting B1-P1
and/or D1-P1 cattle and pasture production systems, he or she chooses both.
Figure 7.2 presents the resulting land uses (including deforestation) over the
simulation’s 2 5-year time horizon.1? Deforestation begins slowly, accelerates
from about year 3 to year 15, and then slows substantially (but does not stop).
Pasture area expands dramatically between year 3 and about year 10, and
remains constant thereafter at roughly 50% of farm area. Area dedicated to
annual and perennial crops remains roughly constant over the entire period.
Secondary fallow area increases substantially, beginning in about year 8.
Finally, beginning in about year 10, small amounts of land are dedicated to
rehabilitating degraded (though not necessarily completely unproductive)
pastures.



128 Stephen A. Vosti et al.

Herd growth (not shown here) under the traditional technology simula-
tion is moderate. Total carrying capacity of pastures reaches a maximum of
about 23 animal units in year 9. Milk cows constitute one half of the herd in
year 9 and calves and beef cattle account for the other half. The latter become
important beginning in year 5 and their number stabilizes after about year 9.

6.2. Scenario 2: free choice between traditional and more intensive
technologies

When we allow our representative farmer to choose from a combination of
pasture and cattle production technology packages, the model predicts the
adoption of D2-P3 and B2—P3 technologies. Figure 7.3 shows how we expect
land use to evolve. The amount of forest clearly declines over time, finally
disappearing in about year 25. Pasture eventually occupies about 85% of the
farm. Annual crops occupy about 8% of the farm throughout the 25-year time
horizon. Perennial crops (in this case, manioc, which has a production cycle
spanning more than 1 year) consistently take up about 1 ha ofland. Secondary
fallow fluctuates, becoming significant as forests disappear.!!

Under the ‘free-choice’ scenario, herd growth (not shown here) is rapid
and sustained. By about year 15, pastures can support roughly twice the
number of animal units as the ‘traditional technology only’ farm. As in the
traditional-technology scenario, dairy production using D2-P3 technology
begins early on and continues to play an important role throughout. But the
scale of milk production is more than double that of the traditional-technology
farm. Beef (produced using B2 technology) emerges more slowly than in the
traditional-technology case, but still eventually comprises about 25% of the
total herd.

Of critical interest to small-scale farmers is the profit stream they can hope
to earn in each of these scenarios. The second scenario, which permits farmers
to adopt the more intensive technologies, consistently provides higher profit
streams than the traditional-technology scenario. The net present values
(NPV) of the profit streams for the traditional and ‘free-choice’ scenarios are
R$19,813 and R$50,635, respectively.12 Savings during the first few years
allow for subsequent investments, which boost production (and profits) in later
years. To expand P3 pasture areas and purchase high-quality D2 and B2 cattle
require large investments (negative savings) in years 5,9 and 11.

7. Conclusions and Policy Implications

The chapter has addressed three central questions in the context of small-scale
agriculture at the forest margins in the western Brazilian Amazon:

1. Do more intensive pasture and cattle production systems exist and, if so,
what are their labour and capital requirements?
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2. Ifthey exist, will they be adopted, and why/why not?
3. Ifadopted, what will the impacts be on deforestation and on farm income?

Field research confirms that some types of more intensive, sustainable
pasture and cattle production systems exist and smallholders are adopting
them. More intensive systems have pastures with higher carrying capacity,
which produce more animal products and which can last longer than tradi-
tional systems, but require more capital and labour to establish and manage.
The K/L ratios during the establishment phases of production are higher for
dairy than for roughly comparable beef production systems. The same applies
to the operational phases of comparable production systems, except in the case
of the most intensive beef and dairy systems, which have similar K/L ratios.

Secondly, many more smallholders are likely to adopt the more intensive
pasture and cattle production systems in the future, since the financial returns
from the more intensive systems are much higher than those of traditional
systems.

Thirdly, more intensive systems will probably increase, rather than
decrease, the pressure on the forests that remain on farmers’ land. Greater
profitability will create a demand for larger milking and beef cattle herds and
pasture to support them. The only major constraint on forest conversion at the
farm level will be seasonal labour shortages. This, however, only becomes clear
once one takes a ‘whole-farm’ view, which allows comparison of the returns to
scarce resources across many possible activities and over time.

There are several caveats, though. Many smallholders in the region may
not have enough capital and labour to establish and manage more intensive
cattle—pasture systems and so poorly performing capital and labour markets
could limit adoption. Credit can help promote adoption, even without high or
long-term credit subsidies, since these more intensive systems generally
become profitable within a few years of establishment.

Secondly, farmers will have to change their production practices to adopt
and effectively use more intensive systems and there is no guarantee that they
will have the information and ability they need to make those changes. If they
do not establish and manage their intensive systems well, they will get lower
returns and cause greater soil and pasture degradation.

Thirdly, in the analysis presented here, it is assumed that the entire tech-
nology package was adopted. If only certain components of the packages were
adopted, profits and/or environmental sustainability could be undermined.

Fourthly, while the clear trade-off between the greater profitability of the
more intensive systems and the higher deforestation associated with them
should concern policy-makers, it also provides an entry point for policy action.
Policy-makers may now have something to offer to farmers in exchange
for reduced forest clearing. More intensive livestock systems will require
additional research and extension services for smallholders to properly
establish and manage them. Policy-makers can provide smallholders with
both. The private sector is actively developing some improved technologies and
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promoting them to large-scale ranchers, but may not pay much attention to
smallholders. Policies that guarantee access to processing facilities for fluid
milk may also be needed. Here too, policy-makers can help. In exchange for
research, extension services and improved infrastructure, policy-makers could
ask farmers to slow deforestation (perhaps by adhering to the 50% rule).
Farmers would probably have a financial incentive to agree to such a plan, but
problems of monitoring and implementation clearly remain.

Notes

1 This chapter benefited greatly from technical field data provided by Merle
Faminow, Tamara Gomes, Claudenor Sa and Samuel Oliveira, comments by the editors,
an anonymous referee, participants in the CIFOR workshop on agricultural
intensification—deforestation links, colleagues in the Alternatives to Slash-and-Burn
Agriculture Programme (ASB) and participants at seminars at the International Food
Policy Research Institute, the H.A. Wallace Institute, the Empresa Brasileira de
Pesquisa Agropecuaria and the University of Maryland. Financial support was provided
by the Inter-American Development Bank and the World Bank. We dedicate this
chapter to the memory of Erennio Giacomazzi, who provided office space and much
moral support.

2 Technology adoption issues addressed in this chapter focus primarily on economic
viability; for a more comprehensive set of adoption issues in the same socio-economic
and agroclimatic setting, see Vosti et al. (2000).

3 Earlier reports suggested that cattle production systems and especially the pastures
associated with them could not be sustained for more than a few years (Hecht, 1984).
More recent evidence on traditional and emerging cattle production systems shows that
both are much more sustainable than previously thought (Faminow and Vosti, 1998).
4  The input and output coefficients for traditional and more intensive dairy and beef
production systems presented in this section are based on completely specialized
production schemes. In reality, mixed herds are quite common among smallholders in
the region. These systems are examined in the context of the LP model presented in the
next section.

5  We conducted similar analyses of traditional and more intensive beef production
systems. These systems are basically calf-purchasing and fattening operations. Space
constraints preclude a detailed presentation of these systems here, but more intensive
systems increase calf weights by 25%, increase slaughter weight slightly and greatly
speed the fattening process. Combined beef—pasture systems are examined at the end of
this section.

6 Recall that, by assumption, pasture and cattle production systems (dairy and beef)
are ‘coupled’. P1 pasture can only support D1 dairy and B1 beef production and P2
pasture is not used in D1 or B1 systems. Field observations support this assumption.

7  For a complete description of the LP model, see Carpentier et al. (2001).

8  These initial conditions are based on field data collected in 1994. We used
statistical techniques to cluster farm households from the Pedro Peixoto settlement
project in Acre into several groups, based on certain characteristics that we felt were
exogenous to the farmers' land-use decisions, such as soil type, distance to market and
duration of settlement. Several clusters emerged, each of which can be thought to
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represent a farm type. We used the average characteristics for the farm type
with relatively good access to markets to obtain the initial conditions for our model.
The predominant soil types in this cluster of farms had fertility problems and/or mild
slope or rockiness partially restricted their agricultural productivity. The model
simulations in this chapter take the characteristics of this typical farm as their point of
departure.

9  This analysis ignores general equilibrium effects. That may not be justifiable for
some products and/or technological changes. For example, to analyse non-timber
forest products, which face notoriously thin and seasonal markets, one must take into
account the fact that technologies that increase their supply may decrease output
prices. In our case, however, which focuses on cattle production, it seems reasonable to
ignore general equilibrium effects. Beef is traded internationally and regional supply
still does not completely satisfy regional demand, so small-scale farmers can be
characterized as price takers in a fairly competitive market (Faminow and Vosti, 1998).
Farmers can also increase milk production without significantly depressing prices,
since up to 80% of milk processing capacity is idle during at least some part of the year
(J.F. Valentim, personal observations).

10 None of the simulations presented in this chapter reach steady-state land uses.
Therefore, we cannot assess the potential for any collection of activities (or
technologies) to sustain a small-scale farm family over the very long term.

11 Extending this simulation to 35 years shows that the area in secondary fallow
continues to increase by approximately 0.20 ha every 2 years and plateaus at 5.5 ha in
year 35.

12 Wereport all values in 1996 Brazilian reais. All the simulations use a constant set
0f 1993/94 input and product prices for the entire decision time horizon. We used a 9%
discount rate to calculate NPV.
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Technological Progress versus 3
Economic Policy as Tools to
Control Deforestation: the

Atlantic Zone of Costa Rica

Peter Roebeling and Ruerd Ruben

1. Introduction

Analysts often mention technological progress and economic policies as
alternatives to promote rural development and reduce deforestation. The
effectiveness of these two approaches has rarely been compared. This chapter
presents such a comparison, based on a bioeconomic model of three types
of farms found in the Atlantic zone of Costa Rica, a tropical lowland region of
recent agrarian colonization (Kruseman et al., 1994).

Our modelling framework enables us to assess how farmers may respond
to both exogenous technological progress in agriculture and economic policies,
and how those responses may affect the competition for land between agricul-
ture and forestry. We designed the model to analyse farm-household reactions
to changing production conditions, taking into account the specific objectives
of small and medium-sized peasant producers and large livestock haciendas.
Production options include growing arable crops for local consumption and
export (maize, pineapple, plantain, palm heart and cassava), cattle production
(beef and milk) and forestry activities (natural and cultivated trees).

We examine both pure yield-increasing technologies and input-saving
technologies. The economic policies we simulate include input price subsidies,
increased credit availability and reduced transaction costs. We show that the
most appropriate instruments to improve farmers’ welfare while controlling
deforestation combine capital-saving technological progress, yield increases
for arable crops and selective input subsidies. This combination permits farm-
ers to increase their income and invest more resources into input-intensive
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activities (non-traditional crops, teak plantations), thereby reducing the
pressure on natural forests.

The chapter takes into account forests within farm boundaries and those
that lie outside. The former includes both natural forests and teak plantations.
In the latter case, we assume that forest cover outside the initial farm
boundaries declines when the total farm area for arable cropping and pastures
exceeds the existing area used.

Section 2 of this chapter briefly describes agricultural production in
Costa Rica’s Atlantic zone and the main trends with regard to land use.
Section 3 introduces our bioeconomic model. Section 4 presents the results
from our farm- and regional-level simulations. Section 5 compares the effects
of technological progress and economic policies on farmers’ welfare and
resource use.

2. Land Use and Deforestation in the Atlantic Zone of
Costa Rica

The region we refer to as the Atlantic zone is located in eastern Costa Rica and
coincides with the Province of Limoén. It encompasses 920,000 ha, of which
just over 20% was used for agriculture in 1963 (DGEC, 1966). Between 1963
and 1984, the agricultural area increased by almost 40%, largely at the
expense of forest (DGEC, 1966, 1976, 1987). At the end of the 1980s,
the main land uses were forest (48%), pasture (39%) and bananas (10%).
Non-traditional crops, including plantain, root and tuber crops, palm heart,
pineapple and ornamental plants, occupied 3% of the land (Roebeling et al.,
2000b). Large haciendas and plantations dominate extensive livestock and
banana production. Small and medium-sized farmers mostly produce crops
and engage in integrated livestock activities.

Economic policies, technological progress, infrastructure development,
demographic factors and various legal and institutional aspects have
contributed to widespread deforestation in Costa Rica during recent decades.
Over the last 50 years, forest cover fell from 80% to less than 25% (Quesada,
1990; Leonard, 1996). According to the Food and Agriculture Organization
(FAO, 1993), farmers cleared roughly 41,000 ha year™ between 1950 and
1977 and 60,000 ha ~! year™! during the following decade.

Traditionally, farmers and policy-makers considered forest areas as
reserves for agricultural expansion and viewed rural development as practi-
cally synonymous with the conversion of land for agriculture. Migration of
new settlers to the Atlantic zone caused the regional population to treble
between 1950 and 1985. Since part of the deforested land was not suited for
long-term crop production, farmers converted a large portion of the land to
pasture. Government policies, such as interest subsidies and debt rescheduling
for livestock production, further encouraged this trend (Wendlandt and Bawa,
1996).
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In the 1960s, the establishment of banana plantations was the main
source of forest loss (Veldkamp et al.,, 1992). In the 1970s, thanks to
favourable beef prices and credit policies, pasture expansion became much
more important. In the 1980s, declining returns from traditional food crops
and incentives to produce non-traditional crops led farmers to shift from the
former to the latter, while the pasture area again increased sharply (Kruseman
etal., 1994). Even so, at present forests still cover about 3 5% of the region. This
includes natural forests and forest plantations within farm boundaries, as well
as forests outside farms (Bulte et al., 1998).

The Atlantic zone supplies nearly half of all roundwood to the national
sawmills, which contract independent loggers to obtain most of their supply.
This makes it difficult to enforce legal restrictions. Loggers only harvest a few
high-value species. The construction of a road infrastructure for logging
attracts new settlers to the frontier and encourages deforestation.

National and international agencies have developed various technological
options for the Atlantic zone. They have generated yield-improving technolo-
gies, such as new varieties and higher-quality seeds. They have also promoted
capital-saving technologies, such as selective fertilizer applications and opti-
mal spraying, which improve the efficiency of input use, and labour-saving
technologies, such as the mechanization of weeding, harvest and postharvest
operations. Given the high labour intensity of peasant production and their
limited access to formal credit, these households have a major interest in
adopting production technologies that reduce labour demands and economize
on capital use.

In the past, the Costa Rican government often used price policies to
influence land use (Segura, 1992). Since the advent of structural adjustment
policies, this has become less frequent. Nowadays, the government relies more
on input delivery schemes, technical assistance, credit policies and public
infrastructure investments to influence land-use decisions (SEPSA, 1997).

The following sections examine the potential impact of various techno-
logical options and economic policy instruments on household welfare
and land use at the farm and regional levels. Any full assessment of
these instruments would also have to take into account their budgetary
implications, an issue beyond the scope of this chapter.

3. The Modelling Framework

We constructed farm models for three representative types of Atlantic zone
producers: small farm households (< 20 ha), medium farm households
(20-50 ha) and extensive beef cattle farms or haciendas (> 50 ha) (Roebeling
etal.,2000a; Table 8.1). We used the 1984 agricultural census to help identify
these farm types, taking into account the dominant land use and farmers’
perceived objectives (DGEC, 1987). In 1984, livestock haciendas covered 60%
of the total agricultural area in the Atlantic zone and represented 11% of the
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Table 8.1. Farm characteristics (from Roebeling et al., 2000a).

Farm area Labour Savings Cattle Savings ~ Number of
Farm type (ha) (days) (US$)  (animal units) coefficient (%)  farms
Small 8.9 491.9 281.8 4.1 25 6480
Medium 39.2 412.7 773.5 48.3 25 1690
Hacienda 170.4 570.0 55249 188.1 48 803

farms. Small and medium-sized farms covered 33% of the agricultural area and
represented 88% of the farms. Our model takes the area devoted to large-scale
banana production to be exogenous.

To determine the aggregate effect of technological progress and economic
policies, we have ‘scaled up’ the results for each farm type to the regional level,
using weighted aggregation, with the number of farms belonging to each farm
type as our weights. The world market determines the prices of beef and teak
(Kaimowitz, 1996; de Vriend, 1998). However, the Atlantic zone supplies a
considerable share of the national and even world market for a number of
products, including bananas, palm hearts, pineapples and plantains, implying
that their prices are not completely exogenous (Schipper et al., 1998;
Roebeling et al., 2000b). Agricultural policy models that assume prices to be
exogenous tend to overestimate the degree of specialization in crop production
(Roebeling et al., 2000b). But the assumption does not affect predictions
regarding the choice between crop and livestock production or between
beef cattle technologies very much. So, given the focus of the study, it seems
reasonable to assume exogenous product prices.

The agricultural labour force in the Atlantic zone provided 1 million days
per month of labour in 1995, the most recent year for which we have reliable
data. In all the scenarios below, we assume that hired labour and family
labour are perfect substitutes. Farmers can hire as much labour as they want
for a fixed wage of about US$10 day™!, in part thanks to illegal immigration
from Nicaragua. We also assume households can obtain as much off-farm
employment as they desire. This is a reasonable assumption, given the
significant labour demand from nearby banana plantations.

3.1. Small and medium-sized farm households

Our methodology for modelling the behaviour of the small and medium-sized
farm households uses a multiple-goal linear programming optimization
procedure to analyse production and an expenditure module with an
econometrically derived (non-linear) utility function to analyse consumption
(Ruben et al., 1994; Kruseman et al., 1997). Combining a linear programming
production framework with a direct expected utility function allows produc-
tion and consumption decisions to interact in such a way that consumptive
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preferences determine productive choices, whereas sustainability implications
derived from production are part of farm-household objectives. Consequently,
iterative procedures are used to optimize the model in a non-separable way,
given the existing market imperfections. In this respect, our methodology
differs from the traditional household-model approach (Singh et al., 1986).
The model assigns weights to each of the households” multiple objectives,
which include consumer preferences, as well as farm income and
sustainability criteria (Kruseman et al., 1997; Roebeling et al., 2000a).

Peasant households possess land, labour, savings and cattle (Table 8.1).
They can use savings and formal and informal credit to finance their labour,
input and transaction costs. Our model limits formal credit to 25% of the
value of the small and medium-sized farmers’ land and 20% of the value of
their cattle stock. We limit informal credit to 10% of the value of their crop
production. Annual real interest rates for formal and informal credit are 12%
and 47%, respectively (Roebeling et al., 2000a).

Farm household options include on- as well as off-farm activities. Off-farm
activities refer to external employment possibilities for family labour on
banana plantations. On-farm activities include cropping, forestry and beef
production systems. We used the LUCTOR expert system to generate technical
coefficients for the crop and forestry systems and PASTOR for the cattle
systems (see section 3.3).

Households obtain utility by consuming purchased products (Qfw)
and products from the farm (Q;°™) and by enjoying leisure. We assume that
households seek to maximize the following utility function:

—0 s buy i
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This utility function has a negative exponential function for basic food crops
and an exponential function for other food products, non-food products and
leisure. This reflects the fact that households tend to purchase relatively fewer
basic foodstuffs as their incomes rise. U™ denotes the maximum attainable
utility with commodity j. p;is the conversion factor of consumption to utility. o;
is the exponent of consumption commodity j. Our data come from the latest
national household income and expenditure survey (DGEC, 1988, 1990).

Households maximize utility subject to net farm income, NFI. NFI is equal
to the returns from marketed production (Q7°) and off-farm employment
(0°f), minus the costs related to purchasing labour and inputs (I;), capital (Cp)
and consumption. It is defined as follows:

NFL=( pjQyt +wl 01} ~{5 pi, +Izpbcb +Y QP+ (2)
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where p refers to the price of commodity j, capital source b and labour and
capital input i, and where w is the off-farm wage rate.

In addition to their utility objective, households maximize an income
objective. We define that objective, Z,, as net farm income minus the expected
monetary value of nutrient losses (van der Pol, 1993):
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Z, =INCOME = NFI —anBn (3)
n

where B, represents the change in soil nutrient stock and p, represents the
monetary value the farmer assigns to nutrient n.

Actual and expected market prices determine short- and medium-term
production decisions, respectively. Expected prices are based on a weighted
average of market prices over the last 3 years. Transaction costs represent the
margin between market and farm-gate prices, resulting from transport costs,
marketing margins and imperfect market information (Roebeling et al.,
2000a).

3.2. Extensive Haciendas

The dynamic linear programming model for haciendas evaluates technical
options for beef production, according to a long-term profit objective, subject to
resource and liquidity constraints. Its dynamic aspects include a savings and
investment module with a 10-year planning horizon and the recognition that
livestock production requires several periods to come to fruition. These
features allow us to model the evolution of land and cattle stocks and the
availability of credit, as well as to analyse fertility, mortality, growth and feed
requirements related to buying and marketing strategies in an intertemporal
framework (Roebeling et al., 1998).

Ranchers’ initial resource endowments constrain their actions, although
the availability of resources evolves over time as a result of investments in
cattle and land. Ranchers use a fixed proportion of net returns obtained in the
previous year to finance these investments, as well as to finance their operating
costs. They can also use formal credit, but the most they can borrow is 25% of
the value of the land and cattle they owned in the previous year. Hacienda
owners pay a real interest rate of 10% per year for their credit (Roebeling et al.,
1998).

Ranchers can allocate their capital on or off their farms. We assume the
money they invest outside the farm goes into the capital market, with an
expected return equal to the opportunity cost of capital. On-farm capital
allocation possibilities include beef production and investments in land and
cattle. Production options are limited to fattening beef cattle on natural or
improved pastures, combined with feed supplements. As with the small and
medium-sized farm households, we used PASTOR to generate the technical
coefficients. Major options to improve livestock systems include better
fertilization and weeding of pastures, adjustment of stocking rates and
improved herd management options.

Net returns and the expected long-run salvage value of their land guide
hacienda owners’ economic decisions as they seek to maximize their total
discounted profits over the planning period. By the expected salvage value
of land, we mean the price that ranchers expect they will receive when they
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eventually decide to sell their land. This is important, since many ranchers
view land as a hedge against inflation or as a long-run investment opportunity
(van Hijfte, 1989; Kaimowitz, 1996). Hacienda owners must choose how
much to increase the net returns from beef production on improved fertilized
pastures and how much to increase the salvage value of the land by further
expansion of the low-cost natural pasture area. In principle, the inclusion of
the land salvage value in the hacienda owner’s objective function should lead
to reduced levels of input use per hectare, as well as lower stocking rates.

The term ‘net returns’ refers to the present value of the difference between
the income from cattle sold (Q;) and expenditures on inputs (Q;) (including
labour), investments in cattle (1) and land (I'"d), capital costs (Cp) and tax
levies (T,) over the hacienda’s resource value (R,). The net return objective
(NR) over the ten-year (y) planning period is given by:
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where i is the time discount rate and p represents prices related to animal
classes j, variable input types i, capital sources b and land units s. Tax levies T,
are differentiated for the resources (r) land and cattle.

The land salvage value objective, LSV, is given by the expected present

value of land assets at the end of the 10-year planning period, as follows:
y=10 s=3 1
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As in the model for small and medium-sized farm households, the hacienda
model uses expected market prices and takes transaction costs into account.
Land prices are differentiated according to fertility characteristics. We assume
real land prices grow 12.5% per year. This implies that they grow faster than
the discount rate.

3.3. Technical coefficients

As mentioned previously, we used the LUCTOR expert system (Hengsdijk et al.,
1998) to determine the input—output coefficients for the on-farm cropping and
forestry production activities and we used PASTOR for the pasture, herd and
feed supplement systems (Bouman et al., 1998). Cropping systems include
cassava, maize, palm heart, pineapple and plantain. Forest production systems
include the logging of natural forests and teak plantations. Pasture systems
include three fertilized improved grasslands, a grass—legume mixture and a
mixture of natural grasses. We combined these land utilization types with the
three major land types found in the northern Atlantic zone, each subdivided
into areas that can or cannot be mechanized. The information on the existing
land-use systems came from interviews with expert farmers in the Atlantic
zone. We also created our own set of alternative systems, which met various
predefined targets. For crops and forest, the alternative systems had to meet a
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zero soil nutrient loss restriction. We generated different technology levels by
combining levels of fertilizer use, crop protection and substitution between
manual weeding and herbicide use. For pastures, we defined seven separate
levels of nutrient mining, ranging from O to 60 kg ha™! year™!. Weeding, fertil-
ization levels and stocking rate determine pasture technology. We defined four
beef-cattle production systems based on target animal growth rates.

Technical coefficients include labour requirements, inputs, yields and
sustainability indicators and are expressed on a ‘per hectare’ basis. Our
sustainability indicators were the depletion of nitrogen (N), phosphorus (P)
and potassium (K) stocks in the soil and the amount of pesticides and herbi-
cides used.

Technological options for improving arable cropping systems can be
divided into pure yield-increasing and input-saving practices. Farmers can
improve their yields by using better crop phenotypes that make more efficient
use of available water and nutrients (maize, beans) or by producing higher-
quality products (pineapple). Capital-saving technologies improve input
efficiency by controlling nutrient losses and reducing pesticide use through
crop-residue management strategies, erosion control measures and integrated
pest management practices. Labour-saving technologies involve better timing
of operations and the mechanization of soil preparation, sowing and fertilizer
applications. Better fertilization or weeding of pastures, the use of feed supple-
ments, adjustment of stocking rates and improved herd management are some
of the options for technological progress in pasture and livestock systems.

4. Model Results

4.1. Base run

Table 8.2 presents base-run results for each farm type. In the small farm
type, forest represents more than half of the total farm area and is mostly teak
forest. The farmers’ main cash crops are pineapple and plantain. Food crops
(maize and cassava) as well as beef and milk are important for household
consumption. Small farms are the most labour-intensive. The medium-sized
type focuses on beef production and the exploitation of natural forests, which
take up 50% and 32% of the farm area, respectively. The only cash crop they
produce is pineapple. Medium-sized farms have a lower labour intensity than
small farms, due to the restricted availability of family labour. Their greater
capital resources and better access to credit allow their production systems to
be more capital-intensive. The hacienda type specializes in beef production
using natural pastures, with an average stocking rate of about 1.6 animal
units per hectare. As a result, their cattle-raising activities use little labour and
capital.

We aggregated the partial model results for each farm type, weighted by
the number of farms of that type, to obtain base-run results at the regional
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Table 8.2. Base-run results at the farm and regional level.

Farm type
Small Medium Hacienda Region
Economic return* 16.7 126.3 945.2 1,371,515
(US$ 1000 year™)
Production structure (ha)
Maize 0.0 0.0 0.0 158
Pineapple 1.3 6.4 0.0 19,324
Plantain 2.3 0.0 0.0 14,798
Cassava 0.0 0.0 0.0 161
Pasture 0.3 19.4 190.3 187,218
Forest (natural) 1.3 13.4 0.0 30,917
Forest (teak) 3.8 0.0 0.0 24,344
Agrarian frontier - - - 62,234
Total area® - - - 339,155
Resource use intensity*
Labour intensity 50.6 21.4 5.3 41.0
Capital intensity 757.3 864.4 185.3 726.3

*/Economic return’ refers to net farm income for small and medium-sized farm
types, the value of land and cattle stock for the hacienda farm type and the gross
agricultural production value or income at the regional level.

*Total area is calculated as the sum of the agricultural frontier area (Kruseman et al.,
1994), plus the crop and pasture areas of our three farm types. This figure does not
include other crops grown by other farm types in the Atlantic zone, such as
bananas.

*Labour intensity refers to the number of labour days per hectare. Capital intensity
refers to the amount spent (US$) to finance variable inputs and (wage and family)
labour per hectare.

level. Table 8.2 shows that pasture covers more than half (55%) of the
cultivable area in the Atlantic zone. Forest covers some 35%. The remaining
10% is dedicated to crop cultivation, mainly pineapple and plantain. This
simulated land-use pattern reflects actual land use fairly accurately. Regional
agricultural income totals about US$1.37 million. On average, agricultural
production uses 40 labour days and US$725 worth of input per hectare.

4.2. Technological progress and deforestation

We used our model to simulate various scenarios involving the introduction of
both pure yield-increasing and input-saving technologies. In the first case, out-
put increases but input levels do not change. In the second case, fewer inputs
are required to produce the same level of output. Our pure yield-increasing
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simulations postulated a 20% increase in crop, pasture or forestry production.
Our input-saving simulations examined situations where there was a 20%
decline in labour or capital requirements. Table 8.3 shows the predicted
impact of these different types of technological progress on agricultural
income, total land use and labour and capital intensity.

Pure yield-increasing technological progress

The 20% yield increase in the production of all crops leads the cash-crop area
to expand at the expense of forest and, to a much lesser extent, pasture. Small
and medium-sized farmers put more area in cash crops (mainly pineapple for
export) and diminish the area devoted to forestry activities. They are able to do
this because their higher net margins allow them to obtain more informal
credit. They hardly reduce the amount of pastures they have, since livestock
provide higher returns than forestry activities. Beef and milk production
remain important for household consumption. Improvements in crop yields
do not affect the hacienda farm type, which produces only beef. While the
crop area rises by more than 8%, the total forest area decreases by almost 5%,
due to reduced on-farm forestry production. The forests outside farms
remain unaffected. Not surprisingly, production becomes more labour- and
capital-intensive as the relative role of crop production increases. Since
crop production becomes more profitable, household members find on-farm
employment more attractive. Higher yields give farmers greater access to
informal credit, which makes it easier for them to hire labour. Regional
agricultural income increases by almost 11%.

The 20% increase in the productivity of pastures leads total pasture area
to expand. Technological progress in pasture production allows small and
medium-sized farmers to produce more beef and milk with the same amount
of pasture. Increased beef and milk production enables them to obtain more
informal credit and leads to a small increase in cash-crop production, as
returns from livestock production are low. The hacienda owners react to the
improved returns from pasture by expanding their pasture area through the
purchase of additional forested land. The higher profitability of beef production
facilitates this and the land salvage value objective makes acquisition of
additional land and cattle attractive. The almost 10% increase in pasture area
comes largely at the expense of an almost 28% decline in the forest area on
the agricultural frontier (i.e. outside existing farms). The income effects of
technological progress in pasture production clearly dominate the substitution
effects. As a consequence, factor intensity hardly changes. Regional agricul-
tural income increases only slightly (0.3%), since beef production offers low
net margins, particularly on the haciendas.

The 20% yield increase in forestry production hardly affects production at
all, in part because the net return from forestry activities is low. Small and
medium-sized farmers marginally decrease forestry production in favour of
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Table 8.3.

Technological progress and farmers’ response at the regional level.

Pure yield-increasing (+20%)

Input-saving (—20%)

Crops Y%o* Pasture Y%o* Forestry %o* Labour %o* Capital Y%o*
Income (US$10° year™) 1,519 10.8 1,376 0.3 1,372 0.0 1,417 3.3 1,555 13.4
Production structure (ha)
Maize 0 -=100.0 158 0.0 150 -5.6 187 18.2 2,215 1,299.0
Pineapple 22,349 15.7 19,510 1.0 19,403 0.4 18,720  -3.1 23,007 19.1
Plantain 14,798 0.0 14,631 -1.1 14,798 0.0 17,681 195 17,390 17.5
Cassava 180 12.1 157 -2.4 161 0.0 173 7.8 144.2 -10.4
Pasture 187,143 0.0 204,616 9.3 187,218 0.0 182,622 -2.5 172,316 -8.0
Forest (natural) 28,754 -7.0 30,990 0.2 30,907 0.0 15,385 =50.2 26,592 -14.0
Forest (teak) 23,695 =2.7 24,163 -0.7 24,284 -0.2 42,394 74.1 36,221 48.8
Agricultural frontier 62,234 0.0 44,929 -27.8 62,234 0.0 61,993 -0.4 61,270 -1.5
Total area’ 339,155 339,155 339,155 339,155 339,155
Resource use intensity*
Labour intensity 42.0 2.3 41.0 -0.2 41.1 0.1 382 -=7.0 47.0 14.4
Capital intensity 794.6 9.4 729.4 0.4 728.7 0.3 733.3 1.0 747 .4 2.9

*Percentage change as compared with base run.
See note in Table 8.2.
*See note in Table 8.2.

Ad1jo4 21LoU0D] SNSIoA ss2180.4 [ed180j0UYDa |

Sl



146 Peter Roebeling and Ruerd Ruben

cash crops. Instead of shifting more towards forestry activities, the increased
returns from forestry allow them to obtain more informal credit, which
they use to grow additional crops. Since the haciendas produce only beef,
yield improvements in forestry do not affect them. The minimal impact of
technological progress in forestry on production also implies that the change
in agricultural income and in the demand for labour and capital is virtually
insignificant.

Input-saving technological progress

The 20% reduction in labour requirements leads the area in forest and cash
crops to expand by 4.6% and 6.7%, respectively, while total pasture area
declines by 2.5%. Lower labour requirements in agriculture allow households
to increase their off-farm wage earnings and reduce small and medium-sized
farmers’ hired-labour costs. This, in turn, relaxes their capital constraint and
permits them to produce more cash crops and teak. They prefer to produce teak
rather than natural forest products or beef, since it is more labour-intensive
and the reduction in labour requirements favours labour-intensive activities.
As a consequence, pasture and natural forest areas decline and farmers use
feed supplements to maintain their beef and milk production. The reduced
labour requirements and subsequent lower operating expenditures permit
hacienda owners to expand their pasture area by purchasing forested lands on
the agricultural frontier. However, the effect is small, since labour costs form a
minor portion of their total operating expenditures. The net effect of reduced
labour requirements and greater labour-intensive cash-crop production is
that production becomes 7.0% less labour-intensive and 1% more capital-
intensive. Agricultural income rises by just over 3%.

The 20% reduction in capital requirements leads to similar results, but
the responses are stronger, since capital inputs represent a major share of
total expenditures. Pasture area declines by 8%, while the cash-crop and
forest areas rise by 24.1% and 13.7%, respectively. Whereas labour-saving
technological change led farmers to cultivate more labour-intensive cash
crops, capital-saving technological change favours the cultivation of cash
crops, such as pineapple and plantain, which demand more capital inputs.
Higher net margins encourage the use of hired and family labour on small and
medium-sized farms. Lower input costs mean that farmers do not have to rely
as much on off-farm employment to obtain the funds to finance these costs.
The large share of input costs as a portion of hacienda owners’ total operating
costs means that the new technology saves them money, which they use to
expand their natural pasture area at the expense of forests on the agricultural
frontier. The net result of new agricultural production technologies that
require less capital, combined with an increase in cash-crop production, is that
labour and capital intensity rise by 14.4% and 2.9%, respectively. Agricultural
income goes up by 13.4%. Four factors explain this strong rise in agricultural
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incomes: (i) lower input and transaction costs; (ii) higher productivity of
owned capital resources; (iii) increased use of informal credit (made possible by
the higher net margins); and (iv) increased production resulting from the
relaxation of the capital constraint.

To sum up, small and medium-sized peasant households respond to
improved crop yields by reducing on-farm forestry production in favour of
cash-crop production. In contrast, labour- and capital-saving technological
progress leads them to increase cash-crop and forestry production at the
expense of beef and milk production. Hacienda owners react to all three types
of technological change by converting additional forest in the agricultural
frontier to natural grassland for beef production.

4.3. Economic policies and deforestation

After simulating the effects of technological progress, we looked at a number of
scenarios involving economic policy. Our economic policy simulations include
a 20% input price subsidy, a 20% increase in the availability of formal credit
availability and a 20% decline in transaction costs due to infrastructure
improvements. Table 8.4 shows the results of these simulations in regard to
agricultural income, land use and capital and labour intensity.

The 20% input price subsidy induces a small rise in the area devoted to
crops and pasture (3% and 0.5%, respectively) at the expense of forests both
outside farms (=1.9%) and within farms (-1.4%). The subsidy favours the
production of input-intensive cash crops. Farmers obtain part of the resources
they need to expand their cash-crop production by reducing the amount of
cultivated forests they maintain and shifting towards less resource-demanding
natural forestry and beef production systems. Hacienda owners use the money
that the input subsidies allow them to save to expand their pastures, thus push-
ing out the agricultural frontier. However, since inputs only represent a small
portion of their total operating and investment expenditures, the effect on
investments in land remains limited. The growth in crop and pasture area
comes partly at the expense of a 2% decline in the forest area outside the initial
farm boundaries. Reduced input costs stimulate farmers to convert to more
capital- and less labour-intensive cash-crop, forestry and beef production
systems. Due to labour and capital constraints in crop production and the low
incidence of input expenditures in pasture production, agricultural income
goes up by less than 1%.

The 20% rise in the availability of formal credit encourages a shift from
forestry towards cash crops. The cultivated crop area increases by almost 8%,
facilitated by a 2% decrease in total forest area. Relaxing the capital constraint
in a context of unchanged relative prices favours plantain and pineapple
production on small and medium-sized farms. Farmers obtain the resources for
this expansion principally by reducing their teak production, which allows
them to devote more labour to cash-crop production. Hacienda owners do not



148 Peter Roebeling and Ruerd Ruben

Table 8.4. Economic policies and farmers’ response at the regional level.

Input price Credit access Transaction costs
(-20%)  %* (+20%)  %* (-20%)  %*
Income (US$10° year™) 1,380 0.6 1,388 1.2 1,431 4.4
Production structure (ha)
Maize 0 -100.0 168 6.3 1,088 587.2
Pineapple 21,718 12.4 21,064 9.0 22,380 15.8
Plantain 13,645 -7.8 15,818 6.9 15,627 5.6
Cassava 157 2.4 161 0.0 144 -104
Pasture 188,097 0.5 187,111 -0.1 189,051 1.0
Forest (natural) 32,789 6.1 30,863 -0.2 23,468 -24.1
Forest (teak) 21,695 -10.9 21,736 -10.7 42,467 74.4
Agricultural frontier 61,054 -1.9 62,234 0.0 44929 -27.8
Total area® 339,155 0.0 339,155 0.0 339,155 0.0
Resource use intensity*
Labour intensity 40.1 -2.4 43.9 7.0 44.2 7.7
Capital intensity (US$)  761.4 4.8 803.5 10.6 812.1 11.8

*Percentage change as compared with base run.
*See note in Table 8.2.
*See note in Table 8.2.

alter their production patterns, since they were not capital-constrained even
before the new credit policy went into effect. The shift from forestry and beef
production to cash-crop production makes production more capital- and
labour-intensive. Agricultural income rises by just over 1%. The fact that small
and medium households still have to obtain most of their credit from informal
sources, even after the policy change, because they do not have enough
collateral to have full access to formal credit markets, partly explains this
rather limited growth.

The 20% decline in transaction costs substantially affects the price farmers
pay for their inputs, as well as the prices they receive for their outputs. It leads
them to expand their crop and pasture area and to invest more in forestry
plantations, and to clear more forest on the agricultural frontier. Small and
medium-sized farmers increase their cash-crop (especially pineapple) and teak
production at the expense of pastures for beef production, since the new policy
favours products that use lots of inputs and have high-value outputs. The
hacienda owners increase their pasture area at the expense of forest on the
agricultural frontier, in response to the higher net margins their beef-fattening
production systems provide. The area under cash crops and pastures increases
by 14% and 1%, respectively, while the total forest area decreases by 6%. The
stronger focus on cash-crop production leads labour intensity to rise by 8% and
capital intensity by 12%. Regional agricultural income rises by 4%.
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In conclusion, technological progress generally generates larger income
effects than the economic policy measures we analysed. Input price subsidies
elicit reactions similar to those induced by technological change but lead to
far more loss in forest cover. Improved access to formal credit and lower
transaction costs greatly affect on-farm and frontier forests, respectively, and
should be considered second-best alternatives.

5. Conclusions

Our base-run farm-level scenario indicates that cash crops and forest
plantations are the main land uses on small farms. Medium-sized farms focus
on beef production, combined with natural forest activities and limited
cash-crop production. The haciendas fully specialize in pasture-based beef
production and expand their pastures by purchasing additional forested land
on the agricultural frontier. Aggregated results at the regional level show that
pastures cover more than half of the cultivable area, forests cover about
one-third and the remainder is dedicated to cash-crop production.

In recent decades, the Atlantic zone experienced massive deforestation.
The expansion of banana plantations, government policies that favoured
pasture-based beef production, the immigration of new settlers to agrarian
frontier areas and the establishment of road infrastructure contributed to
this result. Given the abundance of land during the initial settlement phases,
policy-makers paid little attention to technological progress as an alternative
strategy for improving welfare while conserving forests.

The Costa Rican government can influence land-use decisions by
investing in research, extension and technical assistance services that enable
farmers to improve yields or use their resources more efficiently. It can also
provide farmers with cheaper inputs, greater access to credit or improved
commercial facilities that reduce transaction costs. This chapter compares
the likely outcomes of these two strategies, and in particular their implications
for deforestation, household and regional welfare and resource use. Ideally, we
would like to find an optimal policy mix that allows us to simultaneously
increase farmers’ incomes and reduce deforestation.

Pure yield increases in crop production lead to low levels of deforestation
and substantial welfare growth, due to the shift from forestry to cash-crop
production on small and medium-sized farms. However, pure yield increases
in pasture production bring about significant deforestation and do little to
improve welfare, since hacienda farms tend to use increased returns from
pasture-based beef production to purchase additional land for pasture at the
expense of frontier forests. Yield increases in forestry production have scant
effect on deforestation, welfare and resource use, since net returns per hectare
remain low. The commodity orientation of yield-increasing technologies
influences the distribution of income among farm types. Investing in attempts
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to increase arable crop yields is the most effective strategy from a welfare
perspective and takes pressure off remaining frontier forest areas.

Labour- and capital-saving technological progress both enhance welfare,
promote forestry production and enlarge total forest area. Small and
medium-sized farms increase cash-crop and forestry production as a result of
the relaxed labour and capital constraints, while the haciendas expand beef
cattle production at the expense of agrarian frontier forest areas. Capital-
saving technological progress leads to stronger responses than labour-saving
technological progress, since labour costs form a smaller share of total
operating costs.

Economic policy simulations, which include a 20% input price subsidy, a
20% increase in formal credit availability and a 20% decline in transaction
costs, lead to similar levels of deforestation and generate only moderate welfare
improvements. Reduced transaction costs and, to a lesser extent, input
price subsidies provoke an expansion of cash-crop and pasture area and
substantially reduce total forest area. They favour production of high-value
and input-intensive products on small and medium-sized farms at the expense
of pasture-based beef production. On haciendas, they increase the pasture area
at the expense of forests on the agricultural frontier. Improved formal credit
availability results in a shift from teak forestry to cash-crop production on
small and medium-sized farms.

To summarize, labour- and capital-saving technological progress
enhances welfare and at the same time increases total forest cover, because
additional resources become available for farmers to invest in forest planta-
tions. It also reduces pressure on the agricultural frontier, although small and
medium-sized farmers tend to maintain fewer natural forest areas within their
farm boundaries. Pure yield-increasing technological progress involving crop
production is an attractive option, because it enhances welfare at a minimum
cost to forests. But yield increases in pasture production are detrimental for
forest cover in agricultural frontier areas. In regard to economic policies,
input and credit policies both present clear trade-offs between welfare growth
and deforestation. The strong adjustments in factor intensity arising from
the applications of our three economic policy instruments indicate that
substitution effects tend to prevail and consequently forest cover is likely to be
reduced. This is particularly the case for policies that reduce transaction costs,
which lead to a sharp reduction in natural forest cover, both within farms and
on the agricultural frontier, and its partial replacement by forest plantations.

To improve farmers’ welfare while controlling for deforestation, policy-
makers should combine: (i) capital-saving technological progress; (ii) yield
increases in arable crops; and (iii) selective input subsidies to safeguard natural
forest areas. Combining these instruments permits farmers to increase their
income by relaxing the capital and labour constraints. This, in turn, enables
them to invest more resources in activities such as non-traditional crops and
teak plantations, which are capital- and labour-intensive, thereby reducing
the pressure on natural forests.



Technological Progress versus Economic Policy 151

References

Bouman, B.A.M., Nieuwenhuyse, A. and Hengsdijk, H. (1998) PASTOR: a Technical
Coefficient Generator for Pasture and Livestock Systems in the Humid Tropics, Version
2.0. Quantitative Approaches in Systems Analysis No. 18, AB-DLO/C.T. de Wit
Graduate School for Production Ecology, Wageningen, the Netherlands.

Bulte, E.H., Joenje, M. and Jansen, H.P.G. (1998) Tropical Forest Functions and the
Optimal Forest Stock in Developing Countries: Is There Too Much or Too Little Forest
in Costa Rica? Research Paper REPOSA-WUR, Guapiles/ Wageningen.

de Vriend, J. (1998) Teak: an Exploration of Market Prospects and the Outlook for Costa
Rican Plantations Based on Indicative Growth Tables. Report 134, REPOSA,
CATIE/MAG/WAU, Turrialba, Costa Rica.

DGEC (Direccion General de Estadistica y Censos) (1966) Censo Agropecuario 1963.
Ministerio de Economia, Industria y Comercio, San José, Costa Rica.

DGEC (Direccion General de Estadistica y Censos) (1976) Censo Agropecuario 197 3.
Ministerio de Economia, Industria y Comercio, San José, Costa Rica.

DGEC (Direccion General de Estadistica y Censos) (1987) Censo Agropecuario 1984.
Ministerio de Economia, Industria y Comercio, San José, Costa Rica.

DGEC (Direccion General de Estadistica y Censos) (1988) Metodologia. Encuesta
Nacional de Ingresos y Gastos de los Hogares, Informe No. 2, Ministerio de
Economia, Industria y Commercio, San José, Costa Rica.

DGEC (Direccion General de Estadistica y Censos) (1990) Avance de Resultados. Encuesta
Nacional de Ingresos y Gastos de los Hogares, Informe No. 1, Ministerio de
Economia, Industria y Commercio, San José, Costa Rica.

FAO (1993) Management and Conservation of Closed Forests in Tropical America. FAO
Forestry Paper No. 101, Food and Agricultural Organization of the United Nations,
Rome.

Hengsdijk, H., Nieuwenhuyse, A. and Bouman, B.A.M. (1998) LUCTOR: Land Crop
Technical Coefficient Generator: a Model to Quantify Cropping Systems in the Northern
Atlantic Zone of Costa Rica, Version 2.0. Quantitative Approaches in Systems
Analysis No. 17, AB-DLO/C.T. de Wit Graduate School for Production Ecology,
Wageningen, the Netherlands.

Kaimowitz, D. (1996) Livestock and Deforestation in Central America in the 1980s and
1990s: a Policy Perspective. Center for International Forestry Research, Jakarta,
Indonesia.

Kruseman, G., Ruben, R. and Hengsdijk, H. (1994) Agrarian Structure and Land Use in
the Atlantic Zone of Costa Rica. DLV Report No. 3, AB-DLO/WUR, Wageningen, the
Netherlands.

Kruseman, G., Hengsdijk, H., Ruben, R., Roebeling, P. and Bade, J. (1997) Farm
Household Modelling System for the Analysis of Sustainable Land Use and Food
Security: Theoretical and Mathematical Description. DLV Report No. 7, AB-DLO/
WAU, Wageningen, the Netherlands.

Leonard, H.J. (1996) Recursos Naturales y Desarrollo Economico en America Central: un
Perfil Ambiental Regional. IIED, Washington.

Quesada, M.C. (1990) Estrategia de Conservacion para el Desarrollo Sostenible de Costa
Rica. ECODES. Ministerio de Recursos Naturales, San José, Costa Rica.

Roebeling, P.C., Ruben, R. and Saenz, F. (1998) Politicas agrarias para la
intensificacion sostenible del sector ganadero: una aplicacion en la Zona Atlantica
de Costa Rica. In: Castro, E. and Ruben, R. (eds) Politicas Agrarias Para el uso



152 Peter Roebeling and Ruerd Ruben

Sostenible de la Tierra y la Seguridad Alimentaria en Costa Rica. UNA-CINPE/
WAU-DLV, San José, Costa Rica, pp. 156—-174.

Roebeling, P.C., Saenz, F., Castro, E. and Barrantes, G. (2000a) Agrarian policy
responsiveness of small farmers in Costa Rica. In: Pelupessy, W. and Ruben, R.
(eds) Agrarian Policies in Central America. Macmillan, Basingstoke, pp. 76-102.

Roebeling, P.C., Jansen, H.G.P., Schipper, R.A., Saenz, F., Castro, E., Ruben, R.,
Hengsdijk, H. and Bouman, B.A.M. (2000b) Farm modelling for policy analysis at
the farm and regional level. In: Bouman, B.A.M., Jansen, H.G.P., Schipper, R.A.,
Hengsdijk, H. and Nieuwenhuyse, A. (eds) Tools for Land Use Analysis at Different
Scales. With Case Studies for Costa Rica. Kluwer Academic Publishers, Dordrecht
(in press).

Ruben, R., Kruseman, G. and Hengsdijk, H. (1994) Farm Household Modelling for
Estimating the Effectiveness of Price Instruments on sustainable Land Use in the Atlantic
Zone of Costa Rica. DLV Report No. 4, AB-DLO/WAU, Wageningen.

Schipper, R.A., Jansen, H.P.G., Bouman, B.A.M., Hengsdijk, H., Nieuwenhuyse, A.
and Saenz, F. (1998) Evaluation of development policies using integrated
bio-economic land use models: applications to Costa Rica. Paper presented at
AAEA Pre-conference on Agricultural Intensification, Economic Development,
and the Environment, Salt Lake City, USA, July 1998.

Segura, O. (1992) Desarrollo Sostenible y Politicas Economicas en America Latina. DEI,
San José.

SEPSA (Secretaria Fjecutiva de Planificacion Sectoral Agropecuaria) (1997) Politicas
del Sector Agropecuario (Revision y Ajuste). Ministry of Agriculture and Livestock
(MAG), San José, Costa Rica.

Singh, 1., Squire, L. and Strauss, J. (1986) Agricultural Household Models: Extensions,
Applications and Policy. Johns Hopkins Press for the World Bank, Baltimore, USA.

van der Pol, F. (1993) Soil mining. an unseen contributor to farm income in southern
Mali. Royal Tropical Institute Bulletin, Amsterdam. 325, 47.

van Hijfte, P.A. (1989) La Ganaderia de Carne en el Norte de la Zona Atlantica de Costa Rica.
Field Report No. 31, CATIE/Wageningen/MAG, Turrialba, Costa Rica.

Veldkamp, E., Weitz, A.M., Staristsky, I.G. and Huising, E.J. (1992) Deforestation trends
in the Atlantic Zone of Costa Rica: a case study. Land Degradation and Rehabilitation
3,71-84.

Wendlandt, A. and Bawa, K.S. (1996) Tropical forestry: the Costa Rican experience in
management of forest resources. Journal of Sustainable Forestry 3, 91-155.



Land Use, Agricultural 9
Technology and Deforestation
among Settlers in the
Ecuadorean Amazon

Francisco Pichon, Catherine Marquette, Laura
Murphy and Richard Bilsborrow

1. Introduction

The countries of the Amazon basin face the challenge of making their farm
sector economically productive and environmentally sustainable. Part of that
challenge involves getting small farmers, who are major actors in the region’s
agricultural development, to clear less forest. As the Introduction to this
volume (Angelsen and Kaimowitz, Chapter 1) explains, one influential school
of thought considers low agricultural productivity a key factor favouring
small-farm forest clearing. According to this view, settlers respond to declines
in agricultural productivity by opening up new areas rather than adopting
land-saving practices, because they perceive frontier land as abundant.
These analysts argue that the limited availability of inputs, such as fertilizer,
weak agricultural extension services, policies that discourage adoption of
yield-increasing technologies and widespread poverty reinforce this process.
From their perspective, increasing the productivity of frontier land would
deter settlers from the cycle of continually clearing, so governments should
aggressively encourage technologies that have that effect (World Bank, 1992).

Evidence from frontier settlers in the north-eastern Ecuadorean Amazon
suggests that the introduction of new, externally generated technologies and
production systems that provide more revenue and/or higher yields per hect-
are is not the only way to reduce forest clearing by small farmers and could be
counterproductive. Many settlers in the region have adopted farming systems
that minimize forest clearing without introducing high-yielding technologies.

Below, we discuss the land-use patterns and practices used by the settlers
of the north-eastern Ecuadorean Amazon and what these imply for the
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relation between agricultural technology, land use and deforestation. We
employ a more inductive and empirical approach to exploring the book’s
central research question, ‘When does technological change in agriculture
increase or reduce deforestation?’, than some of the other Amazonian studies
presented in this book (Cattaneo, Chapter 5; Vosti et al., Chapter 7; Kaimowitz
and Smith, Chapter 11). Drawing on our previous research in Ecuador, we
demonstrate that frontier farmers sometimes develop land-use patterns and
agricultural practices that limit how much land they cultivate and clear
(Pichon, 1993, 19964, b, ¢, 1997a, b; Marquette, 1995, 1998; Murphy et al.,
1997, 1999; Murphy, 1998). They do this in part because they are more con-
cerned with minimizing risk and obtaining stable earnings than maximizing
their long-term yields and economic returns. Based on this, we argue that
people who wish to reduce forest clearing should pay more attention to agri-
cultural practices currently evolving among Amazon settlers and not focus
exclusively on promoting externally generated technologies designed to
increase yields.

When we refer to deforestation below, we mean the area (in hectares) or
proportion (percentage of total area) of a settler’s household plot that no longer
remains in primary forest. Based on our knowledge of the area, we assume that
primary forest once covered practically the entire north-eastern Ecuadorean
Amazon. Settler land-use patterns reflect their agricultural activities. Settlers
convert forests to various other land uses and their household plots typically
combine multiple land uses (food crops, cash crops, pasture, fallow, forest, etc.)
We have classified settler land-use patterns according to the amount of forest
clearing they involve (low, medium and high). In keeping with the cultural
ecology literature (Netting, 1993), we think of settler land-use patterns
as reflecting the particular agricultural technologies households employ.
Agricultural technology encompasses the materials (e.g. tools and inputs),
practices and decision-making processes settler households use (or do not use)
in farming their land.

Section 2 provides background information on the study area and the
households studied. Section 3 discusses settlers’ land-use patterns, with partic-
ular attention to how much of their farms they have kept in primary forest.
Coffee production represents a noteworthy feature of farmers’ land use and we
discuss it in section 4. Finally, we relate our findings to conclusions presented
elsewhere in this volume and draw out policy implications.

2. The Study Area and Its Settler Population

Conservationists have designated our study area in the north-eastern
Ecuadorean Amazon as one of the world’s ten major biodiversity hot spots
(Myers, 1988). At the same time, Ecuador currently derives over half of its
fiscal revenues and foreign exchange earnings from petroleum extraction in
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this region (Hicks, 1990; World Bank, 1992). At present, the region has no
organized private or public settlement schemes. However, small farmers enter
the region spontaneously, settling as close as possible to roads built for the oil
industry. As a result, the region’s population is growing rapidly, with several
districts recording double-digit annual growth rates (INEC, 1992). Small
farmers clear most of the forest lost each year. Large-scale plantations and
logging are limited.

The information about settler households discussed below comes from a
cross-sectional survey of approximately 420 settler households in Napo and
Sucumbios in the north-eastern Ecuadorean Amazon conducted in the
early 1990s. Pichon (1993, 1997b) provides detailed information on survey
design, methodology and sample selection. Murphy and Bilsborrow are
currently working on a follow-up survey in the region, which should provide
longitudinal information on the 1990 households shortly. In the absence of
such longitudinal data, we rely on our analysis of the 1990 survey both to
examine cross-sectional land-use patterns and to infer longitudinal patterns
across settlers, based on how long the settlers had already been on their
plots when the survey was conducted in 1990. Despite the fact that all of our
data come from the early 1990s, for convenience we use the present tense
throughout the text.

Half of all settlers owned land prior to settlement, but most were either
agricultural workers or sharecroppers. The average head of household has
some primary education and he and his spouse are in their mid- to late 30s.
Once on the frontier, households generally occupy plots of approximately
50 ha. Plot size tends to be rather uniform, since settlers must pay much
higher fees to process claims larger than 50 ha. None the less, plot size does
vary between settlers and this has important implications for agricultural
practices and land use. Households do not extract much timber or non-timber
forest products for either household use or sale. Most settlers depend primarily
on agriculture, and coffee is their main cash crop. They grow food crops mainly
for subsistence. The same applies to their cattle, pigs and chickens.

Median household income is US$680. With an average household size of
around seven people, each household typically has three available adult
males who do agricultural work, including forest clearing. Half of the settler
households use 1-3 months of outside agricultural labour at some point
during the year, mainly for planting and harvesting. They may either hire
labour or exchange labour with other households. About a third of the
households have one member (usually the household head) working off-farm
for 1 or 2 months during the year, generally on another nearby settler’s farm.
The farmers use few yield-increasing and labour-saving technologies, such as
fertilizers and chain-saws, although about half occasionally apply herbicides,
mainly to coffee. The farmers’ main implements are simple hand tools, such as
hoes. Few have access to credit or technical assistance.
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3. Settler Land-use Patterns

As noted above, settler land use typically combines several land uses. We
applied cluster analyses to identify the most frequently occurring land-use
combinations among households, based on the percentage of their plot in:
(i) forest; (ii) food crops; (iii) perennial crops (mainly coffee); and (iv) pasture
and fallow. To get a sense of how much impact the most frequently identified
land-use combinations had on forests, we classified the land-use patterns
according to the degree of forest clearing they involved. The reader can find
more detailed information on settler land use and the cluster analysis in
Pichon (1996¢) and Marquette (1998). We summarize only the main results
here.

Four main land-use patterns or clusters emerge among the settler
households, which we describe in Table 9.1. These include a low-cleared-area
pattern (50% or more of the plot in primary forest), a medium-cleared-area
pattern (20-50% of the plot in forest) and two high-cleared-area patterns,
specializing in cattle raising or coffee-growing (< 20% of the plot in forest). The
first pattern is the most prevalent, accounting for 61.1% of all households. The
medium-cleared-area pattern characterizes 24.1% of the farms. Farms with
high-cleared-area patterns specializing in cattle raising and coffee-growing
comprise 8.5% and 3.2% of the households, respectively. All four patterns
include some pasture and some subsistence food cultivation and in all four
patterns coffee occupies the largest portion of cultivated area.

Figure 9.1 shows what percentage of households had plots conforming to
each of the four land-use patterns in three groups of households classified
according to how long they had been on their plots (recent settlement 0—4
years, longer 5-10 years and longest 10 years or more). In all three groups,
most settlers have low-cleared-area land-use patterns. This was the case for
100% of recent settlers, over 50% of settlers who have been there for 5-10
years, and over 60% of those who had been there for over 10 years. Only a
minority of households in the longer- and longest-settled groups and none of
the more recent settlers had medium- or high-cleared-area land-use patterns.
We can read longitudinally across the duration of settlement groups in Fig. 9.1
to infer what individual households might do over time. Most settlers start out
and continue with a low-cleared-area pattern, even after they have had their

Table 9.1. Land uses (%) for settler households by land-use pattern.

Low-cleared- Medium-cleared- High-cleared-  High-cleared-

area pattern area pattern  area cattle pattern  area coffee
Land uses (63.1%) (24.1%) (8.5%) pattern (3.2%)
Food crops 3 10 4 10
Coffee 13 23 12 69
Pasture 12 39 78 10

Forest 72 28 6 11
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Fig. 9.1. Settler households by land-use pattern and duration of settlement group
in the north-eastern Ecuadorean Amazon, 1990s.

plots for more than 10 years. On the other hand, just over a third of the
households eventually start clearing larger areas after they have been settled
for some time. Interestingly, settlers do not appear to systematically progress
from low-, to medium- and high-cleared-area patterns. The proportion of
longest-settled households with the low-cleared pattern is actually higher than
that of the longer-settled households (64% versus 50%, respectively), while
a similar proportion of longer- and longest-settled households have high-
cleared-area patterns. (We discuss the limitations of using cross-sectional data
to infer longitudinal trends in this context in Marquette (1998).)

Table 9.2 summarizes some key characteristics of the land-use clusters
identified above and of the settlers that have each land-use pattern. The
majority of households with low-cleared-area land-use patterns have less
on-farm labour available than do those in the medium- or high-cleared-area
categories. This is due to smaller household size, which implies less available
adult male labour, less use of hired labour and more off-farm labour by house-
hold members. Households in the low-cleared-area category also tend to have
poorer natural resources, less access to roads and credit and lower median
annual incomes than do households in the other categories. Correspondingly,
households in the medium- and high-cleared-area categories have larger
households and fewer labour constraints, greater access to roads and markets,
more credit and higher incomes. Among households with high-cleared-area
land-use patterns, those that specialize in cattle raising tend to have larger
than average plot sizes and household heads from coastal areas, while those
that specialize in coffee-growing typically have smaller than average plot sizes.

4. The Role of Coffee in Settler Land Use

Questions arise as to how the characteristics mentioned above might explain
why most settlers belong to the low-cleared-area category, even after they
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Table 9.2. Links between land use, other household characteristics and deforestation among Ecuadorean Amazon settler households
(n=389).
Land-use pattern (% all households)
Low-cleared-area Medium-cleared-area High-cleared-area High-cleared-area
(63%) (25%) cattle (9%) coffee (3%)
Land-use Smaller-scale mixed Larger-scale mixed Primarily cattle raising Primarily coffee-growing

characteristics

Temporal
characteristics

Labour
characteristics

agricultural production
Coffee most important crop
Small-scale cattle raising
(< 5 head)
Most land-saving

Most prevalent all durations
of settlement
All recent households

Least household labour

Least use of hired labour

Most off-farm labour

Most restricted on-farm
labour

agricultural production
Coffee most important crop
More cattle (5-10 head)
Less land-saving

Emerges only after 4+ years
of settlement

More household labour

Most use of hired labour

Least off-farm labour

Less restricted on-farm
labour

(15+ head)
Least land-saving

Emerges only after 4+ years
of settlement

More household labour

More use of hired labour

Less off-farm labour

Less restricted on-farm
labour

Least land-saving

Emerges only after 4+ years
of settlement

More use of hired labour

Less off-farm labour

Less restricted on-farm
labour
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Other
characteristics

Impact on plot-
level deforestation

Median income
per annum (US$)

Smaller household size
Poorer-quality natural
resource base

Further from markets and roads Closer to markets and roads

Less use of credit

> 50% of plot in forest

658

Larger household size
Better-quality natural
resource base

More use of credit

20-50% of plot in forest

1170

Larger household size Larger household size

Better-quality natural Better-quality natural
resource base resource base

Closer to markets and roads Closer to markets and roads

More use of credit Smaller plot size

Household head more likely
to be from coast
Larger plot size

< 20% of plot in forest < 20% of plot in forest
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uonejsalo( pue ASojouyda  [ein)indiisy ‘osn) pue]

6G1



160 Francisco Pichon et al.

have owned their plots for a long time. One might also ask why and how a
minority of households adopt medium- and high-cleared-area strategies
involving greater forest clearing. We believe that considerable light can be
shed in this regard by exploring the role played by coffee in settler production.

In some ways, coffee represents a surprising choice for settlers to include
in their production strategies. Labour on the frontier is scarce and coffee
generally requires more labour to produce than the other agricultural and
livestock activities found in the region. The land clearing, soil preparation,
planting, weeding and harvesting required to produce coffee all demand
substantial amounts of labour. Moreover, to weed coffee in the north-eastern
Ecuadorean Amazon typically requires more labour than in other settings, due
to the region’s particular soil characteristics (Estrada et al., 1988). Coffee
involves a long-term investment that does not offer the immediate returns
that cash-short frontier households need. Settlers must wait 4—5 years after
planting until their coffee bushes reach full production.

Coffee does, however, offer certain advantages. Since most frontier settlers
start off with little capital, activities like growing coffee that require limited
initial investment may be their most logical choice. Coffee has a ready market
and farmers frequently mention that as an important point in its favour. Coffee
has a higher price than other food or fruit-tree crops. It may stand up better to
the precariousness of transport in the region, is not too bulky to ship from
remote areas and has a better ratio of price to transport costs (Barral, 1987:
103; Estrada et al.,, 1988: 62-63). Coffee’s long lifespan may imply that
planting coffee increases the value of the land more than planting other cash
crops, such as cocoa (Gonard et al., 1988). Coffee meets settlers’ concern for
maximizing security in the high-risk environment of the frontier. Settlers feel
it provides greater stability and certainty in regard to labour demands, since
it requires fairly steady labour inputs throughout the year. Settlers also
recognize that, once planted, coffee generates income for many years.

Settlers believe coffee offers long-term security and in their minds that
can compensate for the risks associated with short-term variations in its price.
Settlers are aware that coffee harvests, prices and associated profits fluctuate,
but are reluctant to discuss the short-term economic rationality of their deci-
sion to invest in it. Although some farmers make numerical calculations about
current yields and prices, they also base their judgements about expected
returns and their decisions to invest in coffee on past yields and prices. The
unpredictability of market prices does not seem to affect these judgements
much. Coffee constitutes a central part of settler production strategies, because
it provides regular and secure returns, rather than necessarily having the
highest labour productivity or generating the greatest returns.

All this has strong implications for forest cover, since, as noted above, for
most settlers coffee-centred production strategies are associated with low-
cleared-area land-use patterns that involve less forest clearing. Looking at
the characteristics associated with the low-cleared-area pattern, which are
presented in Table 9.2, one gets a feeling for why this might be the case. The
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combination of labour constraints in most settler households and the heavy
labour requirements associated with coffee-growing may place a ‘brake’ on
the total area settlers can clear and plant. One study undertaken in the region
estimates that a settler household with six persons can handle about 7 ha of
coffee, or 14% of a 50-ha plot (Estrada et al., 1988). Our research supports
this conclusion and indicates that most settlers have a proportion of coffee
on their plots similar to what the Estrada et al. study would suggest (7—13% on
average). This implies that these farmers are constrained in regard to how
much coffee they can produce and thus how much forest they are likely to
clear (Marquette, 1998).

Although the low-cleared-area strategy that prevails among settlers offers
some advantages in terms of stable income, it probably offers poorer overall
economic returns than the medium- and high-cleared-area strategies. Table
9.2 provides rough estimates for median incomes associated with each
strategy. Households with the low-cleared-area pattern (median annual
income US$658.00) received much lower incomes than those with the
medium-cleared-area pattern (US$1170.00) or the high-cleared-area cattle
pattern (US$2483.00). A detailed study of settler income and welfare also
confirms that area in pasture, which indicates involvement in cattle raising, is
significantly associated with higher income (Murphy et al., 1997; Murphy,
1998).

Contrary to what those who believe that increasing agricultural
productivity will reduce forest clearing would expect, higher productivity may
actually increase land clearing. Settler households that have the medium- and
high-cleared-area cattle pattern tend to have plots with higher quality and
hence more productive soils and terrain. In addition, settler households with
better-quality land and higher incomes may reinvest their profits in expanding
their crop and pasture areas, which may lead to even more forest clearing.

Close to half of all settlers surveyed in the study area indicated that,
given the chance, they would increase their involvement in cattle raising. The
question is ‘Why don't they?’ As Table 9.2 and the previous discussion imply,
several factors combine to prevent most households from making the shift.
Labour constraints, a poorer natural resource base, lower income and lack of
access to credit may all lead most settler households to develop the low-
cleared-area pattern rather than the medium- or high-cleared alternatives,
which involve greater cattle raising or crop production.

5. Discussion

We can think of the three main household land-use patterns identified above
(low-, medium- and high-cleared-area patterns) as representing different sets
of agricultural technology that have emerged among settlers within the same
frontier environment in the north-eastern Ecuadorean Amazon. The inter-
action of various factors, including the constraints and opportunities created
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by particular land-use patterns, once adopted, availability of family labour,
plot size, market conditions, limited capital and credit availability, soil quality
and terrain, shapes these patterns and their impact on forest resources. Our
previous analyses suggest, however, that each of these factors may not have
equal importance in shaping land-use outcomes (see, for example, Pichon,
1997b). Distance from the nearest road, for example, seems to stimulate
additional forest clearing more than labour constraints reduce it.

The previous discussion also implies that frontier farmers’ perception of
and responses to risk will greatly influence the type of technology and resulting
land-use patterns that settler households adopt. Unlike what models where
households allocate resources to maximize (expected) profit would predict,
settler households may adopt technologies and land-use patterns that priori-
tize minimizing risk through stable production and income over increasing
production and income over time. Thus, many settlers in the north-eastern
Ecuadorean Amazon have come to rely on a low-cleared-area pattern that cen-
tres on a proved perennial cash crop, coffee, which provides secure and steady,
but not necessarily increasing, productivity and income. Settler involvement
in coffee growing, which takes at least several years to produce, also suggests
that their perceptions of risk do not preclude long-term investment.

Figure 9.2 summarizes the key variables that link settlers’ land-use
patterns to forest clearing. These are availability of on-farm labour, the land
intensity of each product mix and forest area. A key finding of our analysis
is that the majority of settlers have adopted the ‘low-cleared-area’ land-use
pattern and thus fall to the left on these three scales (more restricted on-farm
labour, product mixes that are more land-saving and larger forest areas). This
strongly supports the assertion made in Chapters 1 (Angelsen and Kaimowitz)
and 2 (Angelsen et al.) in this volume that, when small farmers are constrained

Technology
Low-cleared-area Medium-cleared-area High-cleared-area
strategy strategy strategy
land-saving Land use land-extensive
more intense Labour use less intense
less Forest clearing more

4 B
- L

Fig. 9.2. Relationships between technology, land, labour and forest clearing.
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by limited labour, capital and credit and labour-substituting technologies,
such as tractors, are not widely available, labour-intensive agricultural
systems will lead to less forest clearing. Again, however, it is important to bear
in mind that other farm characteristics, such as distance to roads, may play
stronger, counteracting and possibly overriding roles.

The prevalence of the low-cleared-area strategy among the settlers
challenges Boserup’s (1992) theory, which asserts that population density and
land and labour availability basically drive agricultural intensification. In a
Boserupian world, one would not have expected to find crops such as coffee,
which require substantial labour inputs, to occur widely under frontier condi-
tions (land abundance, low population density, limited labour availability).
However, in frontier settings, such as the north-eastern Ecuadorean Amazon,
other factors (natural resource base, household characteristics, market
conditions and availability of capital and credit) may be more important in
shaping the technologies used and the land-use patterns that develop. These
factors may encourage land-use patterns that involve labour-intensive crops,
such as coffee, despite abundant land and limited labour. Given the limited
labour available to settler households, however, strategies that involve labour-
intensive crops like coffee may place a threshold on the total area households
clear and farm. Continual land extensification and clearing are not inevitable,
even under frontier conditions. Simple Boserupian models cannot fully explain
the links between intensification and forest clearing in the Amazon.

Our findings in Ecuador also challenge the view that holds that greater
agricultural productivity is necessary to reduce forest clearing among settlers.
We found that the minority of settler households that have medium- or
high-cleared-area patterns tend to have a more productive natural resource
base in terms of soil quality and terrain and that these more productive
resources are associated with more, rather than less, clearing. Also, settlers
with better land tend to invest their profits from higher productivity into
expanding their agricultural areas or land-extensive activities, such as cattle
raising. This confirms the possibility raised in the Introduction to this volume
(Chapter 1, Angelsen and Kaimowitz) that more productive resources some-
times act as an incentive to forest clearing. Positive-feedback loops connecting
profits, access to credit and cattle buying among these households may drive
this association in the Ecuadorean context.

6. Conclusions and Policy Implications

The main policy insight we draw from the previous discussion is that the
low-cleared-area land-use pattern centring on coffee which many settlers in
Ecuador have spontaneously adopted represents an ‘endogenous’ option for
limiting forest clearing. We consider the low-cleared-area pattern observed
among many settlers in Ecuador ‘endogenous’ because it arose largely without
outside interventions or technologies linked to agricultural extension or
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development activities. Everything we know suggests that it resulted from
settlers falling back on tried and true practices or observing what other settlers
did. Along with others (Boese, 1992; Proano, 1993), we suggest that, rather
than introducing or developing new technologies or techniques aimed at
increasing productivity to reduce forest clearing, agricultural researchers
should concentrate more on improving the endogenous systems that settlers
already use to obtain steady and stable returns. These systems may offer
important advantages in regard to both settler and forest welfare, since they
may already encapsulate successful responses to frontier socio-economic as
well as ecological conditions in a way that introduced systems might not.

At the same time, it is important not to over-idealize endogenous land-use
patterns among settlers in Ecuador and to seriously evaluate their drawbacks.
The low-cleared-area strategy adopted by the majority of settlers places heavy
labour burdens on households and subjects them to the vagaries of coffee
prices and middlemen. Most importantly, it offers lower incomes than the
medium- or high-cleared-area strategies, so any effort to encourage it will
inevitably need to make it more profitable. One way to do this may be to
develop off-farm employment opportunities and non-agricultural activities
that complement the use of low-cleared-area farming strategies, although one
would have to seek ways to ensure that settlers did not use the additional
resources these activities generate to expand their cattle raising.

Inevitable technological changes on the frontier that fall both in and
outside the realm of agriculture may make increased perennial crop growing
more or less sustainable or may have conflicting effects on forest and settler
welfare. Improved road and market infrastructure, increased use of medicines
for improving cattle raising, increased availability and use of herbicides in
coffee production that reduce the labour intensity involved in coffee-growing —
all these factors could improve household incomes while stimulating increased
land clearing. From a market perspective, it is also important to note that the
future outlook for coffee in the north-eastern Ecuadorean region and its price
prospects will probably remain poor. A major challenge for policy-makers and
agricultural researchers is to take into account the more general development
trajectory on the frontier, of which agricultural technology is only one facet.
In this wider context, they must evaluate what existing endogenous systems
have to offer, their capacity to make agriculture more sustainable and improve
settler economic welfare and their long-term feasibility in the context of
evolving frontier economies and societies.
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Ecuador Goes Bananas: 10
Incremental Technological
Change and Forest Loss

Sven Wunder

1. Introduction!

Ecuador is a traditional primary commodity producer and latecomer to
economic development. Throughout the 19th century the country relied on
cocoa exports. But cocoa declined irreversibly in the 1920s, due to diseases and
competition from other suppliers. Two decades later, favourable natural and
social conditions helped the country convert bananas into its new lead export
and to become the world’s largest banana producer in 1954, an expansion
that continued until the mid-1960s.

Ecuador has three regions: the coastal lowlands, the highlands and the
Amazon lowlands. Only the coast grows bananas for export, where they
compete for land with pasture, cocoa, sugar, coffee, rice and other crops
and forest. Before humans arrived, forests covered an estimated 90-94% of
the country’s land area (Cabarle et al.,, 1989). In 1951, their share was
still almost 75%, while crops covered only 4.5%. The coast’s entire cultivated
area was only 501,021 ha (CEPAL, 1954: 43-48). In this context, the
100,000-150,000 ha of bananas that existed in the early 1960s represented
a sizeable portion of the agricultural area. Overall, the expansion of banana
production may have augmented the area of coastal agriculture by 20-30%.
The area converted to bananas amounted to only 0.5-0.8% of Ecuador’s huge
forest cover in 1951, but it contributed notably to broader social processes,
which eventually reduced the coastal region’s forest cover to 33.4% in 1995
(Wunder, 2000). As Larrea (1987: 30) says:
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It is difficult to find a case in the history of the international banana economy
where the expansion of the crop produced such ample demographic and migra-
tory effects as in the case of the Ecuadorean coast during 1948-1965. The rapid
expansion of production shifted the region’s agricultural frontier outwards, until
it contained the majority of the area currently under cultivation.

(Author’s translation from the Spanish)

The demand for cultivated land and pasture accounts for most
deforestation in Ecuador. More than 90% of the deforested areas ends up as
pasture, but a large portion of that had already been harvested for timber and
used for crops before being converted to grasslands (Wunder, 2000). Forest
loss data are unreliable, but it is likely that deforestation in Ecuador rose to
between 180,000 ha and 240,000 ha year™! in the mid-1970s. Most forest
clearing occurs in the two lowland regions. Estimates of current forest cover
range between 11 and 15 million ha, so yearly deforestation rates are between
1.2% and 2.2%.2

In assessing how banana production and technologies have affected
deforestation, one must distinguish between direct and indirect impacts.
During the postwar period, the amount of forested land directly cleared for
banana plantations fluctuated heavily and varied from one region to the next.
Technological change greatly influenced this process. New varieties and other
changes in production and transport technology determined the shifting
requirements for, and changing production centres of, banana plantations.
Three factors proved vital in setting dynamic comparative advantage: water,
soil quality and access to markets (Sylva, 1987: 116-122).

At the same time, banana production indirectly affected deforestation in
many complex ways. Bananas were pivotal to the entire economy’s growth
and transformation. They demanded great amounts of labour and provided
the taxes to finance the expansion of railways, roads and credit. They changed
the balance of power between political classes and geographical regions and
they altered the role of the Ecuadorean state and its institutions (Larrea, 1987;
Striffler, 1997).

Against this background, the relevant counterfactual questions — ‘how
much forest would have been lost without the banana boom?’ and ‘how
much forest would have been lost applying different banana production
technologies?’ — are very hard to answer. Both questions require speculative
judgements on alternative regional and product development options over
a period of five decades, and their respective indirect land-use impacts.?
However, based on sector-wide analyses of banana production (CIDA, 1965;
Larrea, 1987), case-studies of banana-led coastal colonization (Brownrigg,
1981; Striffler, 1997) and comparisons with other commodity booms (cocoa
and oil) (Wunder, 2000), we conclude that road construction and labour
migration encapsulate the banana expansion’s main indirect effects on land
use. Hence, our discussion of indirect impacts focuses on these two aspects,
both of which led to important asymmetries in land-use changes between
banana booms and busts.
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Sections 2, 3 and 4 analyse three periods in the postwar development of
the Ecuadorean banana sector. For each period, an initial subsection describes
market and production trends. A subsection on technologies and the regional
distribution of banana production follows. Then come a characterization of the
indirect impacts and a summary. Section 5 compares the banana technology,
production and market characteristics in the three periods, and section 6 the
corresponding deforestation impacts. Section 7 discusses the theoretical and
policy implications.

2. ‘Banana Fever’ (1946-1966)
2.1. Markets and production

Several factors facilitated the rapid rise of Ecuadorean banana exports after
the Second World War. First and foremost, global demand rose steadily,
mainly centred in the US market. Secondly, the country’s Central American
competitors faced severe problems with ‘Panama disease’ and other diseases,
as well as periodic devastation of their plantations by cyclones. Ecuador’s
abundant, disease-free, fertile soils, which had sufficient water and were
less exposed to tropical storms, gave it a comparative advantage. This helped
convince multinationals like United Fruit and Standard Fruit to buy
large areas to establish their own banana plantations, as well as providing
capital and technical assistance to Ecuadorean banana-growers (Striffler,
1997).

At the time, Ecuador was still suffering from the decline of cocoa. Coastal
farmers were diversifying into cattle, sugar and cotton and were searching
for ways to reduce production costs (CEPAL, 1954: 52). Underutilized
former cocoa plantations, low rural wages and a devalued currency all
provided excellent incentives for establishing new lines of production. The
government of Galo Plaza (1948-1952) favoured banana producers by
expanding the road network and giving them subsidized credit (Sylva, 1987;
Acosta, 1997: 92). These advantages outweighed Ecuador’s disadvantages,
such as its undeveloped port and road infrastructure (CEPAL, 1954: 82)
and technological backwardness and its greater distance from the US and
European markets, compared with Central America (Larrea, 1987:47).

The only statistics available prior to 1955 refer to the number of
banana racemes exported. From 112,973 in 1920, these rose significantly
to 1,181,710 in 1930 and 1,874,595 in 1940. They declined during the
war to 693,551 in 1945, but then grew exponentially to 2,686,870 in 1947,
16,755,066 in 1952 and 23,874,310 in 1955 (Riofrio, 1995: 11). From
1945 to 1951, prices rose fourfold and this greatly stimulated production
(CEPAL, 1954:170).
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2.2. Technology and regional distribution

‘Gros Michel’ was the dominant commercial banana variety around the world.
Its main advantages were its size and physical robustness. It was simple to
plant, maintain, harvest and transport and did not damage easily. This helped
it expand widely, both geographically and in terms of the types of farmers that
grew it. The requirements for banana production that largely determined their
spatial distribution were (Hernandez and Witter, 1996; Rios, 1996): (i) fertile,
deep, nutrient-rich soils, preferably with loose texture, pH 5.5-7.5; (ii) humid
tropical to subtropical temperatures (optimal around 30°C); (iii) abundant,
regular availability of water and good drainage; and (iv) access to ports.

Many urban middle-class entrepreneurs invested in land to participate in
the boom. The owners of large haciendas, traditionally dedicated to cocoa and
cattle ranching, allocated part of their land to bananas. Peasants migrated
from highland provinces, cleared forest to gain land rights and planted
bananas. Everybody could grow bananas. There were no significant techno-
logical or financial barriers to entry (Striffler, 1997: 43). Hence, the impact
was much more far-reaching than the cocoa boom, which had been concen-
trated on haciendas in the Guayas river basin, a fertile lowland area north of
Guayagquil.

Two contemporary analyses at the regional and farm level (CEPAL, 1954;
CIDA,1965) give us a detailed vision of the process through which bananas
penetrated the rural economy. The first banana plantations were established
near navigable rivers — the main transport arteries in the absence of roads.
These plantations were often located in or near the old cocoa haciendas in
Guayas (see Fig. 10.1). There, bananas constituted one additional element
within diversified production systems, which also included sugar, rice, oil
crops and cattle. Within this area, one could find both haciendas of over
1000 ha and small to medium-sized lots (CIDA, 1965: 382—392). The area’s
main advantages for producing bananas were its good soils and accessibility.
Its key drawbacks were its deficient rainfall and poor drainage (CEPAL, 1954).

The western Andean foothills, which descend towards the coastal plain,
offered the best natural conditions for cultivating bananas. This area offered
rich soils and regular abundant rainfall and its hilly topography provided
natural drainage. The road network gradually expanded and made new areas
of production accessible, especially in the hilly parts of the provinces of Los Rios
and El Oro and, to a lesser extent, in the lower parts of the highland provinces.
Migrant farmers colonized and deforested most of these areas, typically
claiming a homestead of 50 ha, of which they dedicated up to 30 ha to
bananas. Unlike in Guayas province, most of these small- and medium-scale
producers established banana monocultures (CEPAL, 1954: 166-169).

Bananas are extremely perishable and cannot withstand more than 5
weeks between harvesting and consumption (Lopez, 1988: 17). Nevertheless,
the ‘Gros Michel’ variety was so robust that, even in places with no direct
access to roads, farmers could transport unwashed and unpacked racemes by
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mule, on shaky trucks and in canoes navigating untamed rivers. When prices
were high, the radius of economically feasible cultivation expanded (Sylva,
1987: 118). In the Andean foothills, banana cultivation and deforestation
were directly linked. A Comision Econémica para América Latina y Caribe
(CEPAL) report from the period noted that with ‘the conquest of idle lands in
all the hilly zones of the coast, which offered excellent conditions for the new
product . . . forests were felled and old gardens destroyed to plant bananas’
(CEPAL, 1954: 170, translation from Spanish by the author).
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Fig. 10.1. Historical banana plantation zones and current forest cover. (Sources:
Waunder, 1999; UPEB, 1990.)
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Besides the ‘old’ (Guayas plains) and ‘new’ (foothills of Los Rios and El Oro
provinces) production zones, banana cultivation gradually expanded into
more marginal production areas with poorer soils, in response to high prices.
Already in 1948, the multinational Fruit Trading Corporation had established
plantations near the northern port of Esmeraldas (Sylva, 1987: 116). Bananas
also expanded into the drier parts of El Oro province. To grow bananas in that
area, producers had to both irrigate and drain excess water and the soils were
generally less fertile than in Los Rios and Guayas. The region’s only advantage
was that it was near the port of Bolivar. In the El Oro lowlands, growers used
land particularly extensively. Another report by CEPAL refers to banana
cultivation there as ‘a bad habit that encroaches on all kinds of soils” (CIDA,
1965:396).

After banana cultivation depleted the soils, in most cases the growers put
the land into pasture and moved their bananas elsewhere, creating a ‘semi-
migratory production system’ (Striffler, 1997: 41), which required access to
large areas. On some haciendas in the El Oro lowlands, sharecroppers cleared
land for bananas and then abandoned it after several years. Before moving on,
the landowners required that they leave the land planted in pasture (CIDA,
1965: 402). One report talks about ‘the predatory effect of continued banana
cultivation’ in reference to El Oro’s land-consuming production system, in
which farmers grew bananas without fertilizers or drainage infrastructure
and constantly shifted the location of their plantations (CIDA, 1965: 414), a
practice highly conducive to deforestation. By the end of the period, frequent
attacks of Panama disease would lead growers to move out even further,
triggering land races with homesteading peasants, who often encroached on
the multinationals’ banana plantations (Striffler, 1997: 89-136).

2.3. Indirect impacts

Bananas’ impact on forests was not restricted to their direct effects. The
‘banana fever’ epoch also had conspicuous indirect effects. Natural population
growth on the coast could not satisfy the mounting demand for wage labour
stemming from the rapidly rising production of the highly labour-intensive
crop. The growers demanded massive quantities of unskilled labour and
paid good salaries, especially the multinationals. Partially in response, over
250,000 people migrated to the coast during the 1950s (Striffler, 1997: 60).
The Canadian International Development Agency (CIDA, 1965: 395)
mentions that in El Oro ‘banana cultivation powerfully influenced the
development of the province, increasing the cultivated area and favouring
in-migration from the Republic’s interior, especially the [highland] provinces
of Azuay and Loja’ (translated from Spanish by the author).

Since the new production areas were still poorly integrated into the
market economy, food crops were largely grown on-farm. Even on one of the
largest and most specialized plantations, Tenguel, between the Guayas and El
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Oro provinces, workers recall that the plantation produced ‘nearly everything,
from sugar to cattle, to basic food crops such as yucca and plantains as well as a
wide range of fruits’ (Striffler, 1997: 34). In all probability, feeding so many
workers with locally grown foods sharply exacerbated the demand for land
associated with banana cultivation.

By no means all migrants became banana-growers or workers. Many
followed other livelihood strategies. For instance, Brownrigg (1981) describes
a group of rural-rural migrants who moved from Loja to the El Oro foothills
and basically retained the diversified farming systems they practised
previously. But these groups’ efforts could never have succeeded so much were
it not for the growing urban food markets, wage-labour opportunities and
other possibilities the banana boom offered. Banana incomes stimulated the
transport, construction and service sectors, creating regional development
booms in mid-sized coastal towns, such as Naranjal, Machala, Quevedo and
Babahoya (Striffler, 1997: 58).

The infrastructure built by the state or banana producers to bring new
areas into the plantation economy were key in fomenting other economic
activities as well (Striffler, 1997: 59, 239). In several cases in the Guayas and
El Oro provinces, the colonization of marginal, hillside areas depended directly
on the construction or extension of an existing road or railway designed to
promote banana production. Taxes paid by banana producers allowed the
state to increase its presence in these newly colonized areas (Striffler, 1997:
56). This helped push the forest frontier forward.

2.4. Summary

Extremely land-extensive technologies (low capital intensity, low yields)
characterized the early ‘banana fever’ period (1945-1966). The rustic nature
and technological simplicity of the ‘Gros Michel’ variety made it possible to
grow bananas throughout the coastal lowlands, even in areas far from ports,
allowing production to expand widely, both geographically and socially. The
growing demand for land led landowners to convert former cocoa plantations
and other previously cultivated areas to bananas. But large areas of forest
were also converted to banana plantations, especially on the fertile Andean
slopes. With their high rainfall, natural drainage and abundant virgin
land, these areas provided a perfect setting for a simple banana production
system, based on nutrient mining and low investment. Banana production
areas frequently shifted, continuously opening up new areas of forest. The
technology required a lot of labour, supplied by immigrants from the
highlands, attracted by high wages. The banana trade justified an extension of
the road and rail networks, which opened up new areas for forest clearing.
During this period, production led to substantial deforestation, both directly
(land-extensive, shifting banana plantations) and indirectly (immigration,
road construction).
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3. Stagnation, Variety Shift and Intensification (1967-1985)
3.1. Markets and production

With the spread of banana plantations to marginal soils in the late 1960s,
extensive expansion reached its limit. A shift in external conditions changed
that. Between 1957 and 1965, Central American producers successfully
replaced the ‘Gros Michel’ by the new, more productive ‘Cavendish’ variety
(Lopez, 1988). Over the next 10 years, mechanization and shifts between
‘Cavendish’ subvarieties further improved the Central Americans’ technol-
ogy.* Central American producers, particularly the multinationals, developed
and adopted technology much faster than in Ecuador, where medium-scale
domestic growers continued to dominate production. These producers adopted
technology more slowly due to financial constraints and their limited
know-how. Thus, Ecuador did not shift from ‘Gros Michel’ to ‘Cavendish’ until
the late 1960s and early 1970s (Larrea, 1987: 57; Rios, 1996).

The shift from ‘Gros Michel’ to ‘Cavendish’ in Central America doubled
that region’s yields and almost tripled the volume the main producers exported
in 6 years (1965-1971). Ecuador’s disease- and cyclone-free production
environment ceased to give it a major natural comparative advantage,
since the new variety made these factors less important (Larrea, 1987:
56—58). During the boom, banana workers had earned continuously higher
wages as growers sought aggressively to attract labour (Acosta, 1997: 83).
This drove up production costs and eventually proved unsustainable. Banana
workers’ real wages started to gradually decline, especially after 1969 (Larrea,
1987: 60—61). From 1973 to 1983, the oil boom caused an overvalued
exchange rate, which hampered the expansion of agricultural exports in
general (Wunder, 1997). The loss of Ecuador’s natural comparative
advantage, combined with lagging technology and an overvalued exchange
rate, kept its banana exports stagnant for a decade. Ecuador came to hold a
‘second-class status as a reserve supplier’ (Striffler, 1997: 175). Multinationals
stopped producing directly and established contract farming arrangements
with domestic producers. The crisis, together with the gradual adoption of
more land-intensive technologies, sharply reduced the amount of land devoted
to banana cultivation in Ecuador, as shown in Fig. 10.2.

A note is in order here regarding Ecuador’s banana-area statistics. The
National Banana Programme (PNB) annually records the area devoted to
bananas for export, while periodic agricultural censuses register the total area
with bananas. In theory, the two sources should differ only with respect to the
small amount of bananas produced for the domestic market. In practice, the
PNB figures include only areas covered by that programme, which must fulfil
certain quality standards. Thus, they underestimate the area of bananas
produced for export. Census data include banana areas with low planting
densities, interplanted with other crops or even abandoned, so they exaggerate
the area. For instance, Fig. 10.2 documents the sharp rise in cultivated area
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Fig. 10.2. Cultivated area of bananas in Ecuador, 1958-1997 (ha) (from Larrea,
1987; Riofrio, 1995, 1997; MAG, 1998). O, PNB data; m, 1954 census data.

from the 1950s to 1964, but the PNB data (light-shaded columns) clearly
underestimate exports for the late 1950s, since the programme had just begun
to sign up producers at the time.> At the same time, the 1954 census figure
(dark-shaded column) of almost 150,000 ha clearly exaggerates export
production, seeing that CEPAL (1954: 167) estimated that the banana export
areain 1951 was only 30,530 ha.

Stagnant exports and the adoption of land-saving technologies
precipitated a dramatic and continuous fall in the area devoted to producing
bananas for export over two decades, from the peak of 163,773 hain 1966 to
51,796 ha in 1985. Agricultural census figures show a similar trend,
although starting from a higher initial level.

3.2. Technology and regional distribution

The ‘Cavendish’ variety was resistant to Panama disease and could be planted
at a higher density, and its lower plant size made it less susceptible to cyclone
damage (Sylva, 1987: 118). Figure 10.3 combines the figures on cultivated
area with export production data to estimate the trends in physical yields. After
the decline in yields that accompanied the extensive expansion of bananas
into marginal lands in the 1960s, the gradual introduction of the ‘Cavendish’
variety brought a pronounced rise in yields, at least up to 1978. As a result,
more or less constant overall production levels during this period required less
and less land.
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Fig. 10.3. Banana export quantities and per-hectare yields (1955-1997) (from
Larrea, 1987; Riofrio, 1995, 1997; MAG, 1998).

This dramatic decline in cultivated area was highly unevenly distributed
between producing areas. Table 10.1 shows the evolution of the banana export
production areas since 1954 in the five coastal provinces and the lower part of
the highland province of Pichincha. In 1954, bananas were still fairly equally
distributed among all the coastal provinces. By 1968, this situation had
changed. The plantations in the dry and populous province of Manabi receded,
while Los Rios, El Oro and Pichincha increased their participation. Observing
Table 10.1, one notes that the regional distribution of banana plantations was
markedly unstable and varied sharply from decade to decade. However, by
1983, a clear trend was visible. Banana production had concentrated in three
provinces: Los Rios, Guayas and, in particular, El Oro.® Since the ‘Cavendish’
variety was much more susceptible to transport damage than ‘Gros Michel’,
distance to ports became the deciding factor in where growers located their
banana plantations. Excellent access to the small but specialized port of Puerto
Bolivar particularly favoured the southern production zone of El Oro. In 1966,
12.1% of Ecuador’s banana exports left the country through Puerto Bolivar.
Only 4 years later, the share had risen to 50.2%, and in 1978 it peaked at
68% (Larrea, 1987: 238). The country’s main port, Guayaquil, which served
banana-growers in Guayas and Los Rios, became a bottleneck. The United
Nations Conference on Trade and Development (UNCTAD) figures for 1974
(cited in Lopez, 1988: 20) show that, while Central American ports shipped
10,000-12,000 boxes h™!, Guayaquil only managed to ship 5000 boxes h™1.

3.3. Indirect impacts

Banana production caused more modest indirect deforestation impacts during
this period compared with the previous boom. The drop in employment in the
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Table 10.1. Geographical distribution of banana plantations, Ecuador, 1954-1983, selected years, six main provinces (ha) (from
agricultural census and survey data, cited in Larrea et al. (1987: 125) and Riofrio (1997: 300-301)).

Province 1954 % 1968 %o 1974 %o 1983* % 1996* %
Pichincha 8,270 5.62 39,898 18.59 8,278 6.25 163 0.30 282 0.23
Esmeraldas 36,320 24.66 34,100 15.89 19,235 14.52 1,516 2.75 3,583 2.96
Manabi 27,450 18.64 16,947 7.90 20,532 15.50 249 0.45 50 0.04
El Oro 13,610 9.24 46,851 21.83 25,669 19.38 26,240 47.65 42,515 35.14
Guayas 33,450 22.71 29,201 13.61 25,159 19.00 18,438 33.48 38,396 31.74
Los Rios 28,170 19.13 47,595 22.18 33,568 25.35 8,464 15.37 36,158 29.89
Total production areast 147,270 100.00 214,592 100.00 132,441 100.00 55,070 100.00 120,984 100.00
Areas registered for export production* 34,141% 156,876 90,501 58,317 127,140

*1983, 1996 and national totals, for export areas.
1954, 1968, 1974: total production areas.
#1958 figure.
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banana sector ended banana-motivated migration, although population
growth continued among families that immigrated during the ‘banana fever’
period. However, just as the cocoa crisis forced producers to diversify, the
banana crisis induced farmers to expand their other crops and their cattle
ranching, rather than abandoning the areas released from banana production
and allowing the forest there to regenerate. Many laid-off banana workers
resorted to colonizing adjacent marginal areas for subsistence agriculture.
A former United Fruit worker at Tenguel hacienda recalled that:

Most of us had just been laid off and had ninety days to leave our houses and
the hacienda . . . Some talked about going to Guayaquil. No one really had a
good idea. Then someone said, ‘Why don't we go start working over near the
mountains?’ Soon after, we went and took a look and decided to struggle for
land and form a community.

(Cited in Striffler, 1997: 116)

During the oil-boom period, the government used its abundant foreign
exchange to construct many roads into areas with primary forests as part
of a deliberate strategy of national integration (Wunder, 1997). But outside
the El Oro province, where the expansion of ‘Cavendish’ production required
high-quality roads to the port, these investments had little to do with the
banana sector. None the less, just as the after-effects of postwar banana-led
immigration continued to cause forest loss even after the banana area
contracted, the roads built during the banana fever helped failed banana
production areas to survive the crisis by diversifying. As Striffler (1997:
237-238) notes for the La Florida area, forest cover did not return
symmetrically after the banana boom:

To a certain extent . . . there was no turning back. Roads were built and

lands were cleared. The haciendas retracted but were never again reduced to
their 1950s state of near abandonment. Cacao trees and pasture slowly but
consistently replaced bananas . . . The zone would remain marginal, but never
again unpopulated or uncultivated.

3.4. Summary

Ecuadorean banana production stagnated from the mid-1960s to the
mid-1980s. Central American growers successfully boosted their region’s pro-
duction by shifting to the more productive ‘Cavendish’ variety. This dampened
world market prices and reduced Ecuador’s market share. From 1975 to 1983,
the oil boom led to overvalued exchange rates and rising production costs,
which made banana exports even less profitable. In a lagged response to the
changes that occurred in Central America, Ecuadorean producers gradually
shifted to the ‘Cavendish’ variety. However, the new variety was more
fragile, and growers relocated much of their production to areas close to
ports, where transport damage of the more fragile variety could be minimized.
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The technological package accompanying the ‘Cavendish’ variety was less
labour-intensive and more intensive in financial capital and know-how. This
increasingly excluded small producers, who lacked the conditions necessary to
adopt the new technologies. Coastal agriculture diversified, and some labour
released from the banana sector cleared forest remnants to produce other
crops. On the whole, the land-saving ‘Cavendish’ variety dramatically reduced
the direct deforestation impact from bananas, although the relocation of
production to areas near ports promoted forest clearing in certain regions.
The indirect impacts of banana-motivated road expansion and migration were
also weakened (real wages started to decline), but the previous immigrants
continued to multiply, which consolidated coastal settlement.

4. Bonanza and Mechanization (1985—present)
4.1. Markets and production

When the Berlin Wall fell in 1989, the banana became a potent symbol of
the East German population’s desire to gain access to popular Western
consumption goods. More generally, the opening of Eastern European markets
helped fuel world demand for bananas. World banana prices rose over 40%
in the late 1980s (IMF, 1991: 343), although the European Union imposed
trade restrictions that harmed Ecuadorean exports. Furthermore, during the
economic crisis of the 1980s, Ecuadorean agricultural exports in general
experienced some of the fastest growth in Latin America, encouraged by
currency devaluations and other macroeconomic policies that favoured
agriculture (Southgate and Whitaker, 1996).

As a result of favourable external demand trends and successful internal
adjustment, from the mid-1980s and, above all, in the 1990s, Ecuador
experienced a new banana bonanza. Production volumes reached
unprecedented levels, except in 1992/93 when climatic fluctuations (El Nifo)
and fungus attacks (Sigatoka negra) caused a momentary decline. Up to 1994,
this rise was chiefly achieved by expanding the cultivated area. But, from 1995
on, the growth in area levelled off, and production rose solely as a result of
growth in land productivity (Figs 10.1 and 10.2). As explained in the following
section, Ecuadorean expansion was associated with the gradual mechaniza-
tion of banana production, which once again lagged in relation to Central
America, where similar changes had been under way since the mid-1970s
(Lopez, 1988).

4.2. Technology and regional distribution

The new technological package, which gradually diffused among Ecuadorean
producers, included greater chemical input use (fertilizers, insecticides,
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fungicides, herbicides), regular aerial fumigation, on-farm funicular transport
of harvested racemes, use of plastic bags and other methods to protect and
manipulate flower and fruit development, irrigation systems and subterranean
drainage installations. The latter two in particular produced an important rise
in yields (V. Espinoza, December 1998, personal communication).” The timing
of investments needed to implement new technologies reflected both ‘push’
and ‘pull’ factors. Mechanization and quality improvements are closely linked
and, as banana consumers became increasingly accustomed to purchasing
larger fruits with unspotted appearances, this put pressure on Ecuadorean
producers, who were slow to modernize.

Table 10.2 shows the revolutionary changes in production technology
during the 1990s. From 1990 to 1997, the area under ‘mechanized produc-
tion’, involving most of the elements of the technological ‘package’ described
above, rose from 20,343 ha (23.9%) to 90,304 ha (71%). ‘Semi-mechanized’
areas without mechanized irrigation and drainage installations (MAG, n.d.: 9)
doubled in extent, while the non-mechanized plantation area fell from
54,856 ha (64.4%) to 13,817 ha (10.9%).

How did these technological changes affect factor demand? Obviously,
mechanization significantly increased the capital intensity of production, in
terms of both fixed costs (irrigation, drainage and funicular systems) and
inputs (chemicals, plastic bags, etc.). Thus, the ratios of capital to output, land
and labour rose. The new production methods also reduced the demand for
labour per unit of output, and even per unit of land, by modernizing harvest,
transport and maintenance. Even so, banana production remained fairly
labour-intensive. The exclusive use of unskilled farm labour increasingly gave
way to a more specialized labour force that could handle the new management
systems. Total demand for farm labour declined, but there were increasing
backward linkages to off-farm activities, such as packaging industries and
aerial fumigation services. Some analysts predicted that the new technology
would reduce the sector’s positive multiplier effects on the national economy
(Larrea, 1987: 156), but the most recent estimate (1997) demonstrates that
bananas still benefit, directly or indirectly, around 1,250,000 people (MAG,
1998: 3).

Improved infrastructure was vital to the new boom. A recent reorganiza-
tion of Guayaquil’s port facilities allowed it to regain efficiency and importance
as a banana port (S. Riofrio, December 1998, personal communication.)
Producers greatly improved their postharvest treatment of the fruit (washing,
packaging, etc.) and off-farm operations (mechanized port embarkation,
refrigerated ship transport). Thanks to these innovations, following the
extreme geographical concentration of banana production during the period
of stagnation, the radius of production widened once again, making closeness
to port less important and favouring the return of bananas to Los Rios and
Guayas provinces (see Table 10.1). Other provinces, such as Esmeraldas,
Manabi and Pichincha, have lost ground since their soils and climates do not
favour specialized, capital-intensive production (Moreno, 1991).
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Table 10.2. The diffusion of technological change in Ecuador in the 1990s (ha) (from National Banana Programme (PNB), published in
SICA, 1999).

Technological levels 1990 1991 1992 1993 1994 1995 1996 1997
Mechanized 20,343 40,856 50,793 58,462 58,703 68,059 89,741 90,304
Semi-mechanized 9,989 24,322 38,133 35,824 29,156 26,088 23,524 23,005
Unmechanized 54,856 33,941 45,578 46,703 36,557 31,457 14,145 13,817
Total 85,187 99,118 134,504 140,989 124,416 125,604 127,410 127,126
Percentages

Mechanized 23.9 41.2 37.8 41.5 47.2 54.2 70.4 71.0

Semi-mechanized 11.7 24.5 28.4 25.4 23.4 20.8 18.5 18.1

Unmechanized 64.4 34.2 33.9 33.1 29.4 25.0 10.9 10.9
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Mechanization clearly reduced the ratio of cultivated land to output,
especially in the last few years. Thus, the boom continued the ongoing trend
towards land-saving technologies, which began with the shift to the ‘Caven-
dish’ variety. Technology, soil fertility and unit size were strongly correlated.
Mechanization has occurred on the best soils and has favoured medium-sized
farms, probably because of their greater ability to mobilize the capital and
know-how required for the new methods. The smallest and most capital-
constrained farmers, who used to cultivate bananas within diversified farm
operations, have increasingly turned to other cash crops, such as cocoa or
coffee.

4.3. Indirect impacts

The indirect effects on deforestation linked to bananas during the recent boom
were even more restricted than during the previous period. The road network
in the prime production zones of the southern coast, where mechanized pro-
duction was concentrated, was already well established when the boom began
(Striffler, 1997: 273). Road construction was less pronounced and, as a result
of the intensive but fragile character of mechanized ‘Cavendish’ production, the
specific demands from the banana sector were focused more on the improve-
ment of existing roads than on extending the road network. This new pattern
of infrastructure development was less likely to contribute to deforestation.

Mechanization generated a labour surplus in the banana sector, which
eliminated the incentives for regional immigration. As in the previous period,
this surplus labour typically did not return to the rural highlands, where
it originally came from. The cities absorbed part of it. Another group shifted
into other crops. Many peasant producers, crowded out of bananas by the
new technological and capital requirements, went back to producing cocoa
(Larrea, 1987; Striffler, 1997: 273). In this way, the indirect impacts of
bananas were largely restricted to long-term trends, which had their origins in
the early years of ‘banana fever’ — notably, continued population growth and
settlement among the original migrants to the coast.

4.4. Summary

Ecuadorean banana exports experienced a strong revival after the mid-1980s.
Exchange rates became less overvalued, international demand grew and the
adoption of mechanized technologies again made Ecuador very competitive.
The new technologies are highly intensive in capital, know-how and land, but
less labour-intensive. Up to the early 1990s, the steady rise in banana exports
involved an expansion in cultivated area, but since then growers have
achieved unprecedented levels of production without expanding the total
area. The incremental adoption of mechanized technologies by Ecuador’s
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predominantly medium-sized producers made this possible. Improvements
in off-farm technologies (packaging, refrigeration) and infrastructure (ports,
roads) have again increased the geographical spread of banana production.
However, high site-specific on-farm investments in fixed, installed capital
(irrigation, drainage and funicular transport systems) have made ‘migratory’
nutrient-mining technologies unprofitable. The much more intensive and
sedentary character of modern banana production has reduced the sector’s
direct deforestation impact to practically zero. Indirect impacts are now mostly
restricted to increasing population, which has its origins in the postwar wave
of banana-led migration to the coast.

5. Comparing Production in the Three Periods

Table 10.3 compares the dynamics of the banana sector on the Ecuadorean
coast over half a century: the changes in technologies, product and grower
characteristics, labour and output markets, the regional distribution of
production and the policy environment. First, you have the rapid postwar
expansion of simple, labour-intensive and land-extensive production systems
into marginal lands. Secondly comes a crisis-cum-adjustment period, during
which a shift in banana variety made production more land- and capital-
intensive. Thirdly, one observes the recent boom accompanied by mechaniza-
tion of the plantations, which raised capital and land intensity, but saved
labour. Table 10.3 presents how factor intensities (defined in relation to output
units) changed during each period. The banana sector went from land-
extensive to extremely land-intensive, from migratory to sedentary and from
highly labour- to capital-intensive. Technology was initially disembodied, but
later embodied into ‘packages’ during the two latter periods. With increased
competition and world market requirements, yields increased and the product
and the systems used to produce bananas went from robust and simple to
fragile and sophisticated.

Ecuador’s growers were much slower to adopt new technologies than
their Central American counterparts. In Ecuador, the multinationals
withdrew from direct production in the 1960s. Urban investors replaced
the smallest farmers, who were pushed out of the banana business, because
they lacked the capital and know-how that producing ‘Cavendish’ bananas
required. Medium-scale producers became dominant in Ecuador and techno-
logical innovation advanced slowly as a result. Economies of scale may
have emerged during this process, but probably more in marketing than in
production. Atomized producers generally acted as price takers, but some
large trading firms were probably able to influence world prices. Ceteris paribus,
the growth in Ecuadorean exports lowered prices and thus made farm-level
improvements less profitable. Even so, during the last decade, favourable
demand trends (e.g. the East European market) and Ecuador’'s quality
advances have sustained the banana boom.
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Table 10.3. Changes in the banana sector’s production, Ecuador, 1945-1999.

Period

Banana fever

Stagnation and variety shift

Boom and mechanization

Years

Main technological
change

Factor intensity
L/Y (labour intensity)
K/Y (capital intensity)
(Installed K)/Y
H/Y (land intensity)

Production type

Product type
Technology
Off-farm technology

Main producers

Producers” adoption of
new technologies

1945-1966

‘Gros Michel” extends to marginal
lands

Level Trend
High 0
Low 0
Nil 0
High +
Extensive

Shifting plantations
Low yield, robust
Disembodied

Rudimentary transport

All types of farmers

Negligible

1967-1984

Adoption of high-yield
‘Cavendish’ variety

Trend

+
+

Semi-intensive
Shifting plantations

High yield, fragile
Embodied

Improved port handling systems

Medium-sized farms
Urban investors

Lagged, gradual

1985-1999

Drainage, irrigation, chemical inputs,
etc.

Trend Level
- Medium
++ High
+++ High
- Low
Intensive

Sedentary plantations
High yield, fragile
Embodied

Improved packaging
Refrigeration in ships

Medium-sized farms
Urban investors

Lagged, gradual

781
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Export markets

Main factors of
comparative advantage

Regional concentration:

leading provinces*

Favoured production
zones

Labour-market
constraints and
population

Main policies affecting
the banana economy

Direct deforestation
impact of bananas

Indirect impacts

Rising demand

1. Rainfall, drainage
2. Soils, transport distance

Low: Los Rios, Esmer., Pich.,
El Oro, Guayas

1. Hilly frontier
2. Old cocoa farms

Labour shortages

High wages

Seasonal migration
Low population density

Credit subsidy (+)
Road building (++)
Exchange rate (++)

Frontier expansion

+++
Roads ++
In-migration ++
Pop. growth +

Saturation

1.Transport distance
2. Soils, rainfall, drainage

High: El Oro, Guayas,
Los Rios

Areas near ports and roads

Demand saturation

Falling real wages

Seasonal migration
Medium population density

Credit subsidy (+)
Road building (+)
Exchange rate (—-)

Bust/reduced area

Roads +
In-migration 0
Pop. growth ++

Rising demand

1. Soils
2. Transport, rainfall

Medium: El Oro, Guayas, Los Rios

Prime agricultural areas

Demand saturation

Wage differentiation
Seasonal migration
Medium population density

Credit subsidy (0)
Road building (0)
Exchange rate (+)

Boom/intensification

+/0

Roads 0
In-migration 0
Pop. growth ++

*By the end of the respective period.
Esmer., Esmeraldas; Pich., Pichincha.
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Innovations in transport technology, the unique requirements of each
new variety and the geographical distribution of diseases combined to bring
about frequent shifts in banana production between regions. Initially, rain-fed
production and natural drainage favoured the clearing of hilly frontier areas.
Nowadays, irrigation and drainage systems have pushed production towards
the more accessible prime agricultural areas with fertile soils. The ‘banana
fever’ spread production equally over large parts of the coast, but disease
problems in Esmeraldas province and other producing regions and the
demanding transport requirements of the ‘Cavendish’ variety subsequently
concentrated banana production on the southern coast. In 1983, almost half
of all production came from El Oro province (see Table 10.2). Improvements
in transport technologies and packaging methods facilitated a more even
distribution in the 1990s, but the three provinces with the best soil and
humidity conditions, El Oro, Guayas and Los Rios, continued to produce most
of the bananas. Even though at any given moment banana plantations only
occupied a relatively small area, one must keep in mind that historically fruit
production frequently changed location and thus affected land use in much
larger areas.

Given the initial very high labour intensity of banana production, labour
shortages on the coast severely constrained the expansion of exports in the
1950s. Growers continuously offered high wages to attract both seasonal and
permanent workers. Together with the moderately labour-saving technologi-
cal changes and natural population growth among settlers, this gradually
saturated labour demand in the second period. Real wages declined and labour
demand in the banana sector became more differentiated. The inflationary
pressures from the oil boom and an overvalued exchange rate kept production
costs high. However, the economic crisis from the 1980s onwards again
turned policies in favour of agro-export interests.

6. Comparing the Impact on Deforestation in the Three
Periods

The last two rows in Table 10.3 summarize the direct and indirect deforesta-
tion impacts associated with the banana sector in the three periods. The direct
impact — new, previously forested areas converted for banana production —
varied greatly. The banana area initially expanded sharply, then contracted,
then grew moderately and now seems to have halted. Two factors magnified
the direct impact beyond what one might expect from the cultivated-area
figures — 150,000-250,000 ha, at its peak. The first was the migration of
banana production from one location to another during the initial boom.
Growers typically mined and degraded the soils and then abandoned the
location and moved on. The second involved the repeated relocation of
plantations, more related to sudden structural shifts in the requirements
of different banana varieties and technological packages. Together, these
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two factors explain the historically ‘semi-migratory’ character of banana
production, which critically aggravated its deforestation impact.

Typically, banana production provided the economic justification for the
initial clearing of forest. Once the plantations moved on, however, these areas
rarely reverted back to forests. Farmers used most abandoned banana areas for
other crops or pastures. This created an asymmetry in land-use conversion.
The dynamic character, or instability, of the technologies used thus ended up
promoting deforestation. Large areas were initially cleared for bananas in the
Ecuadorean provinces of Esmeraldas, Manabi and Pichincha, which were later
abandoned. Hernandez and Witter (1996) report a similar process in Central
America.®

How much deforestation does banana production directly cause today? In
1997, bananas occupied an area of between 127,126 ha (PNB figures) and
248,350 ha (census figures) and that area shows little or no sign of expanding.
Total crop and pasture area in Ecuador in 1997 was 1,878,500 ha and
5,008,000 ha, respectively (SICA, 1999), implying that bananas occupy
7—13% of the area in crops and 2—4% of the total agricultural area. Nobody
can predict whether a banana disease or a new variety will cause renewed
shifts in the spatial distribution of banana cultivation, but this seems less
likely now. The high fixed investments in irrigation, funicular and draining
systems make capital-intensive banana production much less mobile than in
the past.

Banana production’s indirect impacts on deforestation are more difficult
to analyse over such a long period, since they necessarily involve difficult
judgements about what might have happened without bananas. Clearly, the
crop’s high labour intensity induced a mass migration to the coast and helped
sustain the long-run population growth that established Ecuador as the most
densely populated country in South America. Over the long run, population
growth is not fully exogenous, but rather responds positively to the income
opportunities that trade and development provide. Food demand from the
growing population of banana workers and the various local multiplier
effects it involved created a demand for land that took an additional toll of
forest resources. In addition to these demographic factors, road construction
associated with banana production contributed to forest clearing beyond what
was needed for bananas alone. However, except for population growth, other
indirect deforestation impacts have dampened over time.

To assess the true impact of bananas on land demand, one should compare
the land-use intensities of different agricultural products. Table 10.4 presents a
tentative attempt in that direction. We used 1997 production (column 2) and
harvested area (column 3) figures from the agricultural census to calculate the
yields (column 4) of Ecuador’s ten most important crops. In terms of harvested
biomass, only sugar cane surpasses bananas. We put together farm-gate prices
from Guayas province, a banana production area, and prices from other
provinces (column 5) to calculate gross income per hectare (column 6).° At
US$3236 ha™l, bananas generate by far the highest gross income per unit of
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Table 10.4. Comparative yields and intensities of land use for main crops, Ecuador, 1997 (from own calculation from SICA, 1999).

Production Harvested area  Yields Farm-gate prices Gross income per Ha to produce

Products (metric tonnes) (000 ha) (tha™) (sucres kg™) land unit (US$ ha™)*  US$1000 income  Ranking
Bananat 5,750,262 248.35 23.15 559 3236.02 0.309 10
Sugar cane 2,527,215 24.47 103.31 61 1575.87 0.635 8
Rice 992,971 320.20 3.1 939 727 .91 1.374 5
African palm 1,357,616 91.05 14.91 3748 1394.43 0.717 7
Plantain® 894,091 73.88 12.1 314 950.09 1.053 6
Hard maize* 546,448 278.80 1.96 638 312.70 3.198 2
Cotton 23,703 18.23 1.3 1,904 618.95 1.616 4
Potatoes' 601,838 66.27 9.08 809° 1836.89 0.544 9
Soybeans* 6,750 5.00 1.35 886! 299.10 3.343 1
Cocoa¥ 89,862 345.62 0.26 5,272 342.77 2917 3
Total 12,790,756 1,471.87

*1997 exchange rate US$1 = 3999 sucres; prices Guayas province, unless indicated otherwise.
*Fresh fruit/vegetable.

*In dried form.

SFarm-gate prices Pichincha province.

IFarm-gate prices Los Rios province.
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land, followed by potatoes (US$1837), sugar cane (US$1576) and African
palm (US$1394).

The inverse measure — how many hectares an activity requires to produce
a gross income of US$1000 (column 7) — and the corresponding ranking
from most to least extensive land use (column 8) make interpretation
more straightforward. To generate US$1000, a farmer needs only 0.3 ha
of bananas, but 3.3 ha of soybeans, 7.6 ha of wheat and 10.7 ha of coffee.
In other words, if farmers decided to transfer US$1000 of gross income from
coffee to bananas, they could earn the same amount from 0.3 ha of bananas as
they had been earning from 10.7 ha of coffee, leaving 10.4 ha that they could
put to other uses, including forest. Although this argument is oversimplified,
it does have some validity. If one were to include cattle ranching in the
calculations, which accounts for 5 million ha, the differences in land intensity
would be even more dramatic. This type of calculation is particularly relevant
when farmers are capital- and/or labour-constrained so that forested areas
serve as a sort of ‘reserve’ for future occupation. The figures in Table 10.4
give one a feeling for how important what crop a region specializes in is
for explaining the variations in forest loss in different regions. In regard to
bananas, they show that, with current technologies, a shift from any of the
other crops analysed to bananas would significantly intensify land use, which
would tend to reduce deforestation pressures.

Even if banana production currently has almost no direct impact on
deforestation, its long-term indirect impacts have been important. Economic
historians in Ecuador generally agree that bananas had a much larger impact
on the development of the coastal region than cocoa (Benalcazar, 1989;
Abril-Ojeda, 1991; Acosta 1997). Ecuadorean banana production remained
in the hands of small- to medium-scale national producers (80% of the
banana area was in units of less than 30 ha) and technologies remained highly
labour-intensive for much longer than in Central America. As a result of the
historical sequence of technological change, labour absorption was followed
by labour release, land absorption by land release and low capital require-
ments by high fixed investments. This implies that the labour influx to the
coast and subsequent population growth were higher than they would have
been without bananas and this additional population eventually cleared more
forest on the coast. On the other hand, the rural families that moved to the
coast no longer cleared forest in their regions of origin, nor did they move to the
Amazon.

Between 1950 and 1962, coastal population grew an impressive 4.11%
per year and it continued to rise by 3.48% yearly between 1962 and 1974. The
share of the national population living in coastal provinces increased from
40.5% in 1950 to 47.5% in 1962 (Acosta, 1997: 245). Of course, not all
lowland colonization was tied to bananas. For instance, the settlement of the
Santo Domingo area reflected increasing trade integration with the nearby
highlands and the capital Quito (Casagrande et al., 1964; Wood, 1972). None
the less, even coastal areas not dominated by bananas benefited from the
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associated improvement of the road network and the growth of agricultural
markets.

Without wishing to take the analogy too far, it may be relevant here to
apply an approach originally developed by Rudel with Horowitz (1993) for
Ecuador’s Amazon region and to distinguish between forest clearing in large
compact forests and the subsequent clearing of forest fragments. The initial
banana boom led to agricultural frontier expansion, providing the overriding
economic rationale for forest clearing in previously inaccessible areas. The
subsequent crisis and diversification periods are more likely to have involved
the clearing of forest remnants. In the latter case, incremental factors, such as
population growth and domestic market integration, had greater influence.
Road building and migrant settlement appear to ‘bridge’ boom-and-bust
periods and to provide asymmetries for land demand and forest conversion.
Their occurrence during boom periods has lasting repercussions on forest
clearing even during busts.

7. Conclusions

What policy lessons can we derive from the half-century of banana expansion
in the coastal region? For the period as a whole, bananas had a catalytic role
in promoting coastal deforestation. At first, this was mostly through direct
banana frontier expansion. Later, the gradual settlement effects proved to be
of key importance. Modest credit subsidies, the large-scale construction and
improvement of roads and ports and a devalued exchange rate were probably
the most important policies that contributed to the expansion of banana
production, though they varied in importance during the different periods.
How one evaluates this process depends greatly on the relevant policy objec-
tives. Ecuadorean policy-makers clearly considered deforestation, sustained
coastal settlement and integration with the highland economy to be positive
contributions to economic development.

Short-run, ‘predatory’ use of marginal soils for banana production might
be seen as an inappropriate land use, but it can equally be seen as an individu-
ally rational strategy in a capital-scarce, land-abundant economy. One may
conjecture that, had cheap external credits and significant R&D investments
been available for banana producers throughout the postwar period, farmers
would have adopted new technologies faster, thus accelerating intensification.
This probably would have reduced plantation mobility, labour attraction and
settlement, and hence coastal deforestation. However, it might also have
increased the scale of banana production, since capital constraints greatly
impeded further expansion of the crop. On aggregate, the employment and
income opportunities bananas provided, combined with their comparatively
intensive use of land and labour, would probably lead most observers to
conclude that — historically, but even more so today — bananas have played a
positive role.
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In regard to the theoretical framework and working hypotheses set out
prior to the elaboration of this book, the Ecuadorean banana experience pro-
vides important lessons. It shows that, in the medium run, the use of labour-
intensive technologies may actually increase deforestation if it encourages
in-migration and population growth. In a standard economic theory, compar-
ative-static story, adopting labour-intensive technologies with a given factor
endowment should reduce deforestation. But, on the Ecuadorean coast, labour
pull and demographic adjustment were endogenously determined by changes
in the productive sphere, which created a rural proletariat. The long-run
impact of greater settler food demand and other multiplier effects actually
stimulated deforestation.

Technology intensive in fixed, installed capital (such as mechanized
‘Cavendish’ production) may reduce deforestation, by making production
more stationary. Migratory production systems can have particularly strong
deforestation effects, because of asymmetries that keep forests from returning
to abandoned production areas. The gradual and unequal diffusion of new
banana technologies among farmers confirms the importance of capital
constraints, although the adoption of innovations may have been equally
constrained by the differential access to know-how, in an increasingly complex
production system. These changes tended to crowd out small producers, who
were then forced into other products. However, even small producers were
market-orientated and clearly responded to pull incentives. Subsistence-
orientated, ‘full-belly’ behaviour played no role (cf. Angelsen et al., Chapter 2,
this volume). Banana producers became increasingly integrated into the
market economy through improvements in infrastructure, which reinforced
deforestation. The initial, simple technologies gave a natural comparative
advantage (soils, water) to hilly frontier areas, meaning that conversion of
forests was particularly strong in these zones. Here, homesteading rules (land
rights as a reward for clearing) provided a strong complementary motivation
for deforestation.

More generally, the Ecuadorean case suggests six points that may be
relevant in other settings:

1. One needs to distinguish between the direct and indirect deforestation
impacts of technological change. In the long run, the latter may be larger than
the former.

2. Boom-and-bust export-product cycles lead to asymmetries in forest
clearing, whereby forests cleared in the boom do not return in the bust.

3. Technological changes in other supplier regions that compete for the same
markets may influence global prices, redistribute market shares and affect land
demand and forest conversion pressures.

4. Technologies intensive in fixed, installed capital can make agriculture
more stationary, which tends to reduce forest conversion.

5. Off-farm technologies, especially in the transport sector, may greatly affect
the regional patterns of land use.
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6. Shifts from one agricultural product to another can have a strong impact
on deforestation.

Notes

1  Ithank the editors and an anonymous referee for useful comments. Funding from
the Danish International Development Assistance (Danida) and help from my research
assistant, Mr Breno Piectracci is greatly appreciated.

2 Wunder (2000) discusses the various estimates of Ecuadorean forest cover and
deforestation in detail.

3 Forinstance, one may conjecture that, in the absence of a banana boom, highland
surplus labour would have caused more deforestation both in their region of origin (the
highlands) and in regions that provided alternatives for colonization (the Amazon).
But this depends on what other sectors might have been developed in the absence of the
banana boom.

4 ‘Giant Cavendish’ increasingly replaced the ‘Robusta’ ('Valery’') variety. The
former allows higher planting densities, with larger fruits and less farm labour input per
unit of output, but also demands better soils and its higher curvature requires greater
packaging efforts. These pros and cons meant that ‘Robusta’ was not fully replaced, but
rather was combined with ‘Giant’ (Lopez, 1988: 98-100).

5 Aslateas 1991, the Ministry of Agriculture (MAG, 1994: 2) estimated that about
30,000 ha of export plantations were not registered in the PNB, amounting to an
underestimation of about 15%.

6 Bromley (1981: 20) claims that ‘Cavendish’ had a ‘low tolerance to wet, cloudy
conditions’, which would be an extra benefit in the drier El Oro province. However,
other sources do not confirm this. Both varieties seem equally demanding in regard to
water management.

7  Tamindebted to Victor Espinoza, Guayaquil, for his patient on-site explanations on
shifting banana production and marketing methods, during a visit to his plantation
between La Troncal and El Triunfo (Guayas province) in December 1998.

8  Forexample, Panama disease problems led United Fruit to shift its plantations from
the Atlantic to the Pacific coast before the Second World War. But in the 1980s, under
the name of United Brands, it returned to the Pacific coast (Hernandez and Witter,
1996:172-173).

9 In addition to being a banana area, Guayas province has a diversified agriculture,
which allows for substitution between crops. This is important for the interpretation of
results. Some crops, however, are exclusively highland crops (e.g. potatoes), so no
direct land substitution could occur.
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Soybean Technology and the 11

Loss of Natural Vegetation in
Brazil and Bolivia

David Kaimowitz and Joyotee Smith

Ten years ago, you couldn’t find Mimosa on a map of Brazil. Back then, the
town consisted of little more than a Shell truck stop on an asphalt highway,
a backwater in the midst of 500 million acres of untamed scrub trees and
grassland. That was before soybean farmers conquered the Cerrado. Today,
this frontier boom town in the state of Bahia boasts a population of 15,000, a
farm cooperative, two soybean processors, a phosphate fertilizer plant, three
machinery dealers, half a dozen chemical dealers, a branch of the Bank of
Brazil, a $49-a-night motel and a brand-new country club for the families of
the nouveau riche. Dozens of young soybean tycoons traded their fathers’
small stakes in Southern Brazil for 30 or 50 times more land in the north.
Some quit comfortable $70,000-a-year white-collar jobs in Sao Paulo; others
are descendants of Japanese immigrants, subsidized by Asian money . . . Gold
may have drawn settlers to California’s Wild West, but Mimosa owes its
prosperity to soybeans and agricultural technology.

(Marcia Zarley Taylor, Farming the last frontier,

Farm Journal Today, 16 November 1998)

1. Introduction

Thirty-five years ago, South American farmers grew virtually no soybeans.
Now, Brazilian farmers plant almost 13 million ha of soybeans and Brazil
ranks as the world’s second largest exporter (Waino, 1998). Bolivian farmers
cultivate an additional 470,000 ha (Pacheco, 1998).

Soybean expansion in southern Brazil contributed to deforestation by
stimulating migration to agricultural frontier regions in the Amazon and the

OCAB International 2001. Agricultural Technologies and Tropical Deforestation
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Cerrado. Since producing soybeans requires much less labour than producing
coffee or food crops, when soybeans replaced those crops many small farmers
and rural labourers lost their jobs and moved to the frontier. Elsewhere, in
the Brazilian Cerrado and in Bolivia, farmers cleared large areas of Cerrado
vegetation (natural savannah and open woodlands) and semi-deciduous
forest to plant soybeans.

Technology was the key in all this. In a sense, soybeans themselves were a
new technology, since, up to the 1970s, Brazilian and Bolivian farmers knew
little about how to produce them. The development of new varieties adapted to
the tropics and the use of soil amendments permitted farmers to grow soybeans
in the low latitudes and poor acid soils of the Brazilian Cerrado. More generally,
new varieties, inoculants, pest control agents, postharvest technologies and
cultural practices made growing soybeans more profitable in both Bolivia and
Brazil and stimulated their expansion.

Favourable policies and market conditions reinforced the new technolo-
gies’ effect. Together, they helped soybean production attain a level that
justified establishing the associated services and infrastructure competitive
soybean production requires. High international prices and government subsi-
dies encouraged the spread of soybeans in Brazil. Export promotion policies,
favourable exchange rates and preferential access to the Andean market stim-
ulated Bolivia's production. In both countries, road construction, government
land grants and rising domestic demand for soybeans accelerated the crop’s
advance. This in turn increased the political power of the soybean lobby and
enabled farmers and processors to obtain further government support.

This chapter examines the relation between soybean technology and the
loss of natural vegetation in south Brazil, central-west Brazil (the Cerrado) and
Santa Cruz, Bolivia. We first present our theoretical framework. Then, for each
case, we show how technology and other factors interacted to stimulate
soybean expansion, look at the general equilibrium effects this generated
in labour and product markets, assess the impact on forest and savannah and
briefly comment on the resulting costs and benefits.

2. The Theoretical Framework as it Applies to our Case

Technological change makes agricultural activities more profitable and that
leads to their expansion. In southern Brazil, improved soybean technologies
mostly led to soybeans replacing other crops. In the Cerrado, they replaced
mostly Cerrado vegetation, while in Santa Cruz, Bolivia, it was mostly semi-
deciduous forest.

Potentially, general equilibrium effects in either the product or labour
markets can dampen the expansionary effects of technological change. In the
product market, rising soybean production can push down international
prices, thus discouraging further expansion. This effect was significant in
Brazil, due to the huge production increases involved. Since the early 1970s,
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Brazil has ceased to act like a ‘small country’ in the world soybean market
(Frechette, 1997). Bolivia finds itself in a similar circumstance in regard to the
Andean market, where its soybean exports have privileged access.

In regard to labour markets, the technology used to produce soybeans
is highly capital-intensive and requires little labour. This means that rapid
growth is unlikely to provoke labour shortages that push up wages and curtail
subsequent growth. In situations, such as in southern Brazil, where soybeans
replaced more labour-intensive crops, the advance of soybean production
actually displaced labour. That labour then became available to migrate to
the agricultural frontier. In other contexts, such as in the Brazilian Cerrado
and the Santa Cruz expansion zone, where farmers have removed natural
vegetation to plant soybeans, the demand for labour rises, but only slightly.

The profits resulting from technological change can also provide the
capital required to expand agricultural production. Many farmers in southern
Brazil used the profits obtained from soybeans to move to frontier regions and
clear additional forest.

Three unique features of our theoretical framework compared with
other chapters in this book are the roles we attribute to: economies of scale,
the interaction between technology and other policies and the impact of
technology on the political economy. To produce soybeans competitively,
you need a large and modern processing, transportation, storage, financial,
technological and marketing system. This implies that major economies of
scale exist at the sector level. Technological progress can make it easier to
profitably reach levels of production that justify installing ancillary services
and infrastructure. Since one piece of agricultural machinery can cultivate a
large area, mechanized soybean production also exhibits economies of scale at
the farm level.

Technological advances and government policies interact in a non-linear
fashion. For example, credit subsidies in the Brazilian Cerrado induced
farmers to adopt agricultural machinery and soil amendment technologies
that made growing soybeans more profitable than extensive cattle ranching.
Once this process had begun, the economies of scale in soybean production
accelerated it.

Figure 11.1 illustrates this process. The isoquant CR1 represents land and
capital combinations for the Cerrado’s traditional land-use system: extensive
cattle ranching on natural pastures, which maintains most of the natural
vegetation. The three SB isoquants represent the new soybean technology.
In this case, farmers totally remove the natural vegetation. The numbers
attached to each isoquant refer to how much revenue is generated. Hence, SB1
gives the same gross revenue as CR1. The SB isoquants show increasing
returns to scale resulting from the use of agricultural machinery, and SB
technologies enable farmers to get higher returns from their land, compared
with CR1, by using more capital.

With cheap land, shown by a flat factor price ratio (FP), farmers produce at
point X on CR1. As long as the capital/land price ratio remains high, farmers



198 David Kaimowitz and Joyotee Smith

& i
\
\Y
G.‘Ipﬂ.‘-llj L X 1'.
(] [
\ N
'\
: HI"-.R .
'\ gap 55
sh1
"-.I
ll'I
FRf— e R
______;._____:L_ by
! ""—-—\______. e G
b =
GE Land

Fig. 11.1. Technology choice and land use under soybean and extensive cattle
ranching (Brazilian Cerrado): impact of factor price ratios and economies of scale.

will not adopt SB technologies. But subsidized credit can tilt the factor price
ratio to CC and persuade farmers to grow soybeans. Thus, policy can stimulate
farmers to adopt a capital-intensive technology in a land-abundant area.

Even though soybeans increase the returns to land, their potential for
‘land saving’ is diluted because of economies of scale. Thanks to increasing
returns to scale, the new factor price ratio of CC resulting from subsidized credit
allows farmers to move to point Y on the SB3 isoquant, rather than to some
point on SB1 or SB2. Thus, even though subsidized credit makes capital cheap
compared with land, rather than using more capital and less land, farmers are
inclined to use more of both.

Finally, technological change not only changes relative prices, it also mod-
ifies political relations. By favouring the development of a large, concentrated,
agroindustrial sector, new soybean technologies facilitated the creation of
powerful interest groups, which successfully lobbied the Brazilian and Bolivian
governments to implement policies favourable to the soybean sector.

3. Southern Brazil

Southern Brazil includes Parana, Rio Grande do Sul and Santa Catarina. By
1960, farmers had settled most of this region, except for parts of Parana.
Coffee, beans, maize and cassava covered large areas. Small farmers with less
than 50 ha of land, many of whom were sharecroppers, tenants or squatters,
planted much of that (Stedman, 1996).
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3.1. Technologies and policies promoting soybean expansion

Coffee boomed in Parana and the other southern states in the 1950s,
expanding from 7% of harvested area to 19% (Stedman, 1996). By 1960,
Parana had become Brazil's top coffee-producing state. Soon after, however,
low coffee prices, soil erosion, plant diseases and frost caused a crisis in
the regional coffee economy (Diegues, 1992). In response, the government
introduced a ‘coffee eradication programme’, designed to replace coffee with
traditional food crops, wheat and soybeans (Stedman, 1996).

A handful of farmers in Rio Grande do Sul were already planting soybeans
in the early 1960s. But Brazil still had less than 250 ha of soybeans. Yields
averaged only 1060 kg ha™! (Kaster and Bonato, 1980; Wilkinson and Sorj,
1992).

Then research centres in Sao Paulo and Rio Grande do Sul introduced
varieties from the USA. Thanks to its similar climate, soils and day length,
these varieties adapted easily to southern Brazil. The new varieties permitted
average yields to increase 15% between 1960 and 1970 to 1141 kg ha™!
(Wilkinson and Sorj, 1992).

Government land, credit and price policies encouraged the spread of
soybeans. The 1964 Land Statute gave tenant farmers and sharecroppers
greater rights and many large landholders responded by expelling tenants
and sharecroppers from their farms. Similarly, landholders reacted to new
minimum wage laws by hiring fewer agricultural labourers. One way to
achieve that was to plant soybeans and wheat, which required less
labour, instead of coffee and traditional food crops. The government further
accelerated the shift towards mechanized annual crop production by providing
subsidized credit to purchase agricultural machinery (Sanders and Ruttan,
1978). Between 1965 and 1970, the coffee area in the south fell from 1.4
million ha