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Foreword

n countries with a vast expanse of sparsely populated land, a greater burden inevitably falls

on marginal lands to house and employ growing populations and to contribute to national

income growth. Frontier areas opened up for strategic or economic reasons often become
home to farmers, although conditions are often ill suited to agriculture. The prospect of a
cycle of poverty and environmental degradation makes these areas a focal point for those con-
cerned with feeding the world’s poorest while protecting the natural resource base.

Developing-economy policymakers must consider how to balance environmental sustain-
ability with development objectives of economic growth and poverty alleviation in frontier re-
gions. They must decide when, where, and how to tap these areas for productive use, or
whether they should be tapped at all given the agronomic difficulties there. Should they ac-
tively protect local watershed resources and global environmental services (such as carbon se-
questration and biodiversity)? They must do so in a world that so far lacks global institutions
to compensate forest users for the revenue they forgo when they leave the forest untouched.

This report provides input to those decisions in the form of empirical information about
trade-offs and complementarities among development goals. It does so with a focus on trop-
ical moist forests in agricultural frontier areas, using data from in-depth fieldwork in study
sites in the western Brazilian Amazon. There, as elsewhere, tropical moist forests continue to
fall, with clearing driven in part by demand for agricultural land.

National strategies differ widely in the type and degree of their reliance on forest margins
to contribute to economic growth, via ecotourism or new ground for production of com-
modities such as cattle, soybeans, and coffee, not to mention raw natural resources, including
timber, or other national goals, such as protected park lands, areas reserved for indigenous
groups, or settlement areas for the landless poor.

In each locale, the prevalence of often impoverished smallholders over larger commercial
interests varies, and with it their relative roles in deforestation. To better understand land use
relationships, this IFPRI research report centers on smallholder settlements. It does so in
areas changing, as are so many marginal lands, in response to more integrated market links
with national and regional economies.

This report is published in conjunction with another IFPRI report looking at how the
broader Brazilian economy affects deforestation and vice versa (Balancing Agricultural De-
velopment and Deforestation in the Brazilian Amazon, by Andrea Cattaneo) as well as other
tropical forest margins studies ongoing under the Alternatives-to Slash-and-Burn Agriculture
Programme (ASB), a research initiative coordinated by the World Agroforestry Center
(ICRAF).

The in-depth fieldwork presented in this report has identified economic and biophysical
factors leading small-scale farmers in two settlement projects in the western Brazilian Ama-

vii



viii FOREWORD

zon to convert forest to agriculture. Results indicate a trade-off between poverty and the en-
vironment. By and large, smallholders in the study were neither well off nor extremely poor.
The research finds that although smallholders are exhausting private forests, their incomes are
rising. The results are in keeping with regional statistics for Brazil that find human develop-
ment indicators for the Amazon moving close to those for the country as a whole by 1996.
The report finds some evidence that where farmers remain isolated, lower incomes are likely
to persist. It remains a research question (that the methodology used here could help answer
if applied elsewhere) whether such conditions could spark a vicious cycle wherein poverty
causes and is deepened by environmental degradation.

The report examines the potential for policy and technological change to slow deforesta-
tion rates in the study area, by comparing the effects of these changes on income. Traditional
regulatory policies have substantial negative income consequences for smallholders. At the
same time, efforts to intensify agriculture are apt to speed deforestation. Labor-using inten-
sification strategies on cleared land only slightly retard the pace of deforestation. More suc-
cessful in boosting incomes and slowing deforestation is intensive but sustainable use of
forests, which would require careful and potentially expensive monitoring, not to mention
considerable training of personnel.

These findings can be used by policymakers who must balance instruments that regulate
forest and land use—relying on administrative structures for monitoring and enforcement plus
appropriate penalty-setting—with those that require a less overt public sector role by altering
incentives to induce farmers to conserve forest. They must do so in areas often remote from
policymaking centers and with weak institutional structures linked to those centers, where
policy implementation and effects may diverge from original policy objectives.

This research points to the need for creative use of policy cognizant of private incentives
in areas undergoing economic development and an expanding frontier, and explicit examina-
tion of trade-offs in marginal areas with less dynamic links to broader markets. Researchers
and policymakers concerned with agricultural frontiers and beyond can use quantitative meas-
ures of the trade-offs among policy objectives such as those found here, and the research
methods used to generate them, to make environmental objectives more compatible with
those of growth and poverty alleviation.

Joachim von Braun
Director General, IFPRI
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Summary

n the Amazon and elsewhere, international concerns about the environment sometimes

clash with national and local concerns about development via agricultural growth. While

roughly 7,600 square kilometers of Amazonian rain forest were cut and burned between
1995 and 1997, agricultural income grew and child mortality and malnutrition improved.
From a global standpoint, however, retaining the forest is important because it sequesters car-
bon and is home to many species not found elsewhere.

Incentives for land users to protect the forest are piecemeal in nature and uncertain in out-
come. Hence, protection of the forest generally falls to the public sector. Policies can (1) di-
rectly regulate land use, incorporating penalties for violations in order to shift incentives away
from deforestation; (2) improve relative economic benefits of activities that discourage de-
forestation; or (3) combine both approaches. On frontiers where land is abundant and labor
scarce—including the project areas in this report—direct regulatory approaches are physically
difficult to enforce and fiscally expensive.

This report presents trade-offs among a “critical triangle” of development objectives—
environmental sustainability, economic growth, and poverty alleviation—associated with dif-
ferent uses of the forest in two settlement projects in the western Brazilian Amazon. It finds
that settlers continue to deforest, primarily for pasture, despite strengthening of legal prohibi-
tions, improved market links to the broader economy, and rising regional incomes and wel-
fare. A supplement to approaches that look at deforestation from a macroeconomic viewpoint,
this report focuses on smallholders’ decisionmaking—important because Brazilian migration
policies designed to alleviate poverty have made this group a pivotal force in both deforesta-
tion and economic growth in the Amazon.

Drawing on field data collected from farm households surveyed in 1994 and 1996, the re-
port uses descriptive analysis to quantify current land use patterns. It then explores land use
determinants using multivariate regression analysis and simulates a representative house-
hold’s responses to particular policy and technology changes, or both, using a linear pro-
gramming model that explicitly incorporates biophysical constraints on production.

The report finds that the relative profitability of alternative crop, livestock, and extractive
activities, conditioned by labor scarcity, favors livestock production systems over other ac-
tivities. Returns per labor unit to even low-technology livestock systems exceed by a ratio of
7 to 1 those generated by forest extractive activities (gathering Brazil nuts, for example). With
such a large difference in profits, it seems clear that small farms will not retain natural forest
in the long run.

Even new technologies or relative price shifts that alter labor needs may not induce large
changes in land use patterns, since seasonal labor bottlenecks preclude broad expansion of
labor-intensive agroforestry or perennial production systems, and risks are higher. Switching
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xii SUMMARY

from pasture to other land uses can be agronomically difficult, costly, and slow, all of which
favor the expansion of pasture.

Despite constraints, smallholders’ agricultural activities have by and large helped them es-
cape poverty and increase their assets. Demand for agricultural land is found to be the primary
force behind deforestation— not demand for soil nutrients, although nutrient depletion affects
land use management strategies and, ultimately, incomes. But while many smallholders suc-
ceed, others fail. Liquidity plays a critical role during the initial settlement phase: insufficient
resources account for much of the owner turnover in newly settled areas.

Many policy actions will reduce deforestation at the expense of household income, or vice
versa. For policymakers to change smallholder deforestation patterns and improve liveli-
hoods, however, is difficult and expensive. Although several promising mechanisms for
slowing deforestation and increasing household income emerge from this research, most face
considerable obstacles to implementation.

Mandating that some proportion of private lands must remain in forest has largely failed
because the cost of enforcement is prohibitive. For restrictions to be effective, they must re-
duce the incomes of smallholders. If profits remain high, farmers will ignore the restrictions.

Zoning to keep farmers away from land with poor soils is an important tool in guiding the
use of forested and cleared lands. Research shows, however, that incomes generated by even
low-quality soils are sufficient to sustain the average household; encroachment into protected
areas with nutrient-poor soils should therefore be expected. Steep topography and severe wa-
terlogging (not soil fertility constraints) were the biophysical conditions that significantly
slowed the pace of deforestation.

Speeding up formal processes of securing land tenure would increase the proportion of
land in pasture and perennials but not conserve forest. New arrivals to established projects
deforest simply in order to farm.

Reducing transport time to local markets through, for example, investments in road sys-
tems also increases deforestation by lowering the cost of participating in markets. The vol-
ume and type of traffic on rural roads seems to have a greater impact on land use than road
surfaces per se, and greater traffic favors perennial systems over pasture.

By incorporating legumes into pastures, the useful life of soils can be extended and car-
bon emissions reduced. Deforestation could increase, however, because farmers would have
more income with which to hire labor to expand pasture area.

An experimental system of sustainably extracting small quantities of timber from private
forest reserves could substantially raise incomes and slow deforestation by adding value to re-
maining forests. The government has not encouraged its use, however, because the cost of en-
suring that landowners are using sustainable extraction techniques would be high. Extraction
of nontimber forest products has not been a forest-saving moneymaker because product avail-
ability is limited and often seasonal, and product values are low. Finally, emerging markets
for carbon might slow deforestation by adding value to standing forests for the carbon they
retain, but this policy option has not been tried in the study areas. The size of the income gen-
erated would have to be large to persuade farmers not to deforest, since agriculture is so prof-
itable. Carbon payments would also have to cover implementation and transaction costs, in-
cluding monitoring and enforcement expenses.

Much research remains to be done. New technology is needed to restore degraded pasture.
Financial analysis on agroforestry systems that combine fast-growing timber species with
perennials or other crops would be useful. Such systems could reduce deforestation if obsta-
cles such as high labor requirements, undeveloped markets, and high up-front investment
could be overcome.



SUMMARY xiii

Ways must be found to tap some of the benefits generated by agricultural intensification
to help finance rigorous enforcement of deforestation regulations. Empirical research on
mechanisms to lower administrative, monitoring, and enforcement costs of policy implemen-
tation is sorely needed.

This research confirms that large, swift population movements into forest margin areas
trigger increased deforestation. Still, the finding that smallholders in the project areas have
largely succeeded in climbing out of poverty by using previously forested land refutes the idea
that deforestation in the Amazon and elsewhere is necessarily part of a vicious cycle in which
poverty begets degradation and itself deepens after degradation occurs. Results hinge on the
underlying profitability of expanding agriculture, even with substantial constraints on small
farmers—poor soils, limited access to credit, and low availability of hired labor.



CHAPTER 1

Introduction

(Bryant, Nielsen, and Tangleyl1997). Margins of tropical moist forests have come

under direct pressure largely from small-scale, semi-subsistence agriculture in Sub-
Saharan Africa and Asia and settlement and infrastructure projects with a considerable small-
scale agricultural component in Latin America and Asia (FAO 1997). The agricultural activ-
ity has brought economic benefits and can help alleviate poverty, but agronomic limitations of
forest margin soils and climate have led some to question the size and sustainability of pro-
duction gains. Continued deforestation also threatens global environmental services such as
sequestering carbon and providing biodiversity, with annual burning from intentional or run-
away fires causing local damage in the form of destroyed property, respiratory ailments, and
transportation disruptions (Chomitz and Thomas 2000; Nepstad et al. 1999). The trends have
sparked considerable debate about agriculture’s proper role, if any, in forest margins.

The debate centers on how to manage forest margins so as to meet simultaneously a “crit-
ical triangle” of three development objectives: economic growth via agriculture, environ-
mental sustainability, and poverty alleviation (Vosti and Reardon 1997). Increasingly, atten-
tion is turning to the world’s largest remaining contiguous forests, such as the Amazon rain-
forest and the Congo Basin in Africa, because of the global environmental services they pro-
vide, which can be lost if forest areas are fragmented (Bryant, Nielsen, and Tangley 1997).
Where current incentives favor deforestation for logging or agriculture, the question being de-
bated is whether walling off forests from use is feasible or desirable from a policy standpoint
(Bowles et al. 1998; Chazdon 1998; and a debate by Gascon et al. 1998 via an exchange of
letters in Science), especially given national strategies that look to frontier areas as potential
engines for future growth (see, for example, Brazil 1997).

Behind these efforts is a need to understand more precisely the nature and magnitude of
apparent economic and environmental trade-offs, and whether these trade-offs are inevitable
(see Turner et al. 1995 for a general overview of these issues, especially Chapter 7; Bunker
1985; Dourojeanni 1990; and IDB 1992, especially Chapter 4, for a focus on the Amazon; Mc-
Gaughey and Gregersen 1982 for more on forest-based activities in Latin America; and for
agriculture in the Brazilian Amazon, see Homma 1998 and Serrdo, Nepstad, and Walker
1996). On all sides of the debate are those searching for solutions that can preserve rainfor-
est while meeting the livelihood needs of forest margin inhabitants and growth requirements
of regional or national policymakers—a balance sometimes termed sustainable intensification.

Striking this balance involves changing farmers’ incentives to expand agriculture in rela-
tively abundant land areas and understanding the processes currently driving deforestation for
agriculture. The remainder of this section outlines existing research on the problem and de-
scribes and justifies the focus of this report within that context.

B etween 1960 and 1990, the world lost an estimated 20 percent of its tropical forests



2  CHAPTER 1

Economic models of these processes
generally have one or more of several con-
ceptions of what will limit agriculture’s en-
croachment into forest,! with much work
emphasizing the role of one of two forces
behind agricultural expansion. Agricultural
profitability generates impetus for clearing
forests within a certain range of markets
and under certain economic conditions (a
spatial approach used in, for example,
Chomitz and Gray 1996, and, for timber,
Stone 1998). Beyond that range or even
within it, agronomic unsuitability of land
could provide its own impetus, especially
for those most at risk for poverty who must
rely on forests rather than purchased inputs
for nutrients (Chomitz and Thomas 2000;
Vosti and Witcover 1996b; Vosti and Rear-
don 1992).> New technologies, however,
can relieve agronomic constraints beyond
the short term (on soybeans, Fearnside 2001
and Kaimowitz and Smith 2001; on im-
proved pastures, Yanggen and Reardon
2001).

According to some, limited demand at
either a global or local scale sets the rele-
vant radius from markets within which agri-
cultural production is viable (the Borlaug
hypothesis at the global scale and “full-
belly” or subsistence hypotheses at local
scales) (see Angelsen and Kaimowitz 2001¢
for a brief review of this literature). This
implies that at a certain point land left in
forest ceases to have enough value as agri-
cultural land to justify conversion. For oth-
ers, income growth will play a central role
in contracting the radius from markets for

economic activity as it brings higher local
valuation of the environment, limiting de-
forestation (see, for example, Barbier 2001
for a summary of the Environmental
Kuznets Curve economic model underlying
this approach and empirical papers apply-
ing it). Another way income growth can
draw pressure off forest is by generating
greater opportunities in nonagriculture and
nonforest sectors (Rudel 2001). Higher val-
uation of the forests can also come via ex-
tractive products, so some limited eco-
nomic activity extending into the forest
may be justified, although it could poten-
tially do some environmental damage (see,
for example, McGaughey and Gregersen
1982; Panayotou and Ashton 1992; Peters
1997).} In others’ view, scarcity (or outright
exhaustion) of additional land for expan-
sion is the primary condition that will
change incentives in a way that limits agri-
cultural expansion (see, for example, White
et al. 2001). Until then agriculture should
expand in response to improved profitabil-
ity, given prices and under conditions
prevalent in forest margins, where land is
relatively abundant and cheap. Even here,
though, local or national institutional and
market contexts; how a new technology
uses land, labor, and capital; and the time
frame under study may lead to an opposite
result (Angelsen et al. 2001; Barbier 2001;
Deacon 1994).

Deforestation models also reflect the
multiscale nature of the phenomenon.
Some focus on macroeconomic forces—
capital and migratory flows as well as price

'They are not necessarily mutually exclusive; there are conditions under which each could be consistent with
standard economic theory. As models for empirical studies, they reflect different priors about prevalent condi-

tions in developing-country forest margins.

2Costs from regulatory penalties or forest clearing technology could have similar effects.

3The inclusion of forest-based activities in models of deforestation for agriculture (drawing on existing forestry
work) is still in its infancy, perhaps reflecting a disciplinary divide.

4Higher profits could come from higher-yielding technologies, but some believe farmers will not adopt land-in-
tensifying technologies as long as land is abundant (Boserup 1981).
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signals moving to and from forest margins
under particular policy regimes—that help
determine the boundaries of an economy’s
extensive margin (see, for example, South-
gate, Sanders, and Ehui 1990; Southgate,
Sierra, and Brown 1991; Rudel and Roper
1997). Others concentrate at the regional
level on factors such as population or infra-
structure density, income levels, local mar-
ket conditions, land uses, and agronomic
potential (but pay less attention to the links
among them) for their role in shaping local
land use patterns (Chomitz and Gray 1996;
Dale et al. 1993; Pfaff 1997). Still others
examine one type of heterogeneous land
user—usually the household farm rather
than the large-scale firm—who makes de-
forestation decisions as part of livelihood
strategies based on available resources
given local conditions (Pichon 1997;
Walker, Moran, and Anselin 2000; Walker
and Smith 1993 for timber companies). At-
tention is also paid to a role for institu-
tions—particularly =~ property  rights
regimes—in deforestation patterns (Deacon
1994, 1995, 1999; Alston, Libecap, and
Schneider 1995; see also papers in Barbier
and Burgess 2001).

In a comprehensive review of 146 eco-
nomic models of deforestation spanning
these theoretical constructs and scales,
Kaimowitz and Angelsen (1998) note some
commonality in findings: ease of access to
forest and to long-distance trade paths in-
creases deforestation rates and so do higher
agricultural and timber prices or lower rural
wages. Differences in study design, data
quality and availability, and limited focus of
individual studies regarding study site, time
period, and analytical tools used hampered
definitive cross-context tests of specific hy-
potheses and thus policy prescriptions.

Studies at the national level, usually re-
duced-form regressions, are plagued by
poor data quality (especially as regards for-
est cover). Aggregate data or interpolation
methods used to fill in for missing data
sometimes mask heterogeneity, or generate
it, in socioeconomic and biophysical meas-
ures. Such methods rule out cross-country
analyses that focus on forest cover as a de-
pendent variable and use population as an
explanatory variable (see a description in
Barbier 2001). Regional studies suffer
from some of these difficulties and vary
considerably in theoretical structure (for in-
stance, some include population or infra-
structure density as endogenous, some not),
so different hypotheses are tested.” House-
hold studies are too few to discern broader
patterns, in part because data at this level
remain difficult and expensive to collect,
while secondary data have become more
readily available. At the household level,
though, models have a strong (and more
similar) theoretical footing, in part because
the decisionmaking unit jibes with the unit
of analysis, making microeconomic theory
more directly applicable. This, plus the
data shortage, has led to more analytical
than empirical models at this level.
Problems at each scale of analysis con-
tribute to what Kaimowitz and Angelsen
(1998) highlight in their review as incon-
clusive or ambiguous findings about the ef-
fects of macroeconomic forces, population
and migration, changes in productivity and
input markets (including land markets and
tenure security), and household wealth—or
poverty—on deforestation. Later, Barbier
and Burgess (2001) include papers on de-
forestation that emphasize economic mod-
eling techniques that incorporate spatial
features and institutional factors (including

5The theoretical differences are not so surprising given that that review found no analytical models—perhaps re-
quiring models with heterogeneous users (via game theory)—at this level. Since then, there have been some
game theoretic approaches to forest margins land use, particularly on conflict over land tenure (Angelsen 2001,
for example) and their empirical application (Alston, Libecap, and Mueller 1999).
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placement of parks and reserves). Barbier
(2001) nests, in a cross-country analysis,
hypotheses about deforestation effects of
income, structure of the agricultural sector,
and institutional factors (using some re-
cently available data on corruption and po-
litical stability, usually singly tested in pre-
vious papers). He finds strong links be-
tween structure of the agricultural sector
and agricultural expansion (the latter prox-
ying for loss of forest cover given data
problems), indications that population and
measures of political corruption and stabil-
ity are important regionally, and regionally
spotty evidence for an Environmental
Kuznets Curve (but always implying an av-
erage income turning point toward forest
preservation at levels considerably higher
than current averages). Cropper, Puri, and
Griffiths (2001) find preserved areas more
likely to be located in areas less suitable for
agriculture (in Thailand) and Nelson, Har-
ris, and Stone (2001) find evidence (for
Panama) that deforestation will continue in
designated protected areas if other eco-
nomic conditions are favorable. At house-
hold level, Barrett (1999) makes a theoreti-
cal case that food price risk could promote
deforestation in food-buying households.
Considerable  effort since the
Kaimowitz and Angelsen review has also
centered on deforestation effects of agricul-
tural intensification (see studies assembled
in Angelsen and Kaimowitz 2001b and Lee
and Barrett 2001; Cattaneo 2001a,b, 2002).
This is perhaps because, if agricultural in-
tensification takes pressure off forests, it of-
fers a policy entry point to promote a “win-
win-win” scenario on critical triangle goals
of environmental sustainability, economic
growth, and poverty alleviation. Where
these studies take technology adoption seri-
ously, moreover, they touch on other re-
search gaps, specifically how household
poverty, input markets, and at least some
demographic aspects (either directly or in-
directly through examination of labor mar-
kets) affect the deforestation process (for
example, Gockowski, Nkamleu, and Wendt

2001; Tomich et al. 2001; Vosti et al.
2001a).

Mixed results persist in these studies,
causing early optimism to fade about the
potential for new technologies to take pres-
sure off forests (Angelsen and Kaimowitz
2001c,d; Lee, Ferraro, and Barrett 2001).
The results also call into question assump-
tions underlying that optimism—namely
that meeting subsistence or some other
fixed set of requirements provides a pri-
mary rationale for continued deforestation.
Attempts to link emerging empirical results
with theory based on particular economic
conditions (factor endowments, institu-
tional contexts, and macroeconomic envi-
ronment) and technological characteristics
(relative and absolute use of land, labor, and
capital—and their substitutability—given
farmers’ access in limited input markets)
have begun (Angelsen et al. 2001; Angelsen
and Kaimowitz 2001d). They have borne
fruit in the form of recommendations, care-
fully conditioned by economic conditions
and technology specifics. These highlight
the importance of the extent to which the
area or individual land user under study is
linked to outside markets for inputs (espe-
cially for land, labor, and capital) and out-
puts, as well as of the elasticity of demand
for those outputs. The new studies have
swept away earlier years’ conventional wis-
dom of the small-scale farmer driven to de-
forest for subsistence in the face of severe
agronomic constraints and near complete
market isolation as a stylized special case.
Instead, they favor a view that market links
are strengthening in most forest margins.
They have yet to lead, however, to sweep-
ing conclusions about where and how eco-
nomic growth will remove pressure from
the forests (see policy recommendations
with caveats in Angelsen and Kaimowitz
2001a,d, Kaimowitz and Angelsen 2001,
and Lee et al. 2001).

This report focuses on deforestation and
land use patterns among small-scale agri-
culturalists in two settlement projects in two
states of the western Brazilian Amazon; it
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emphasizes decisionmaking by farmers and
explores its consequences for economic
growth, poverty alleviation, and environ-
mental sustainability, as well as the poten-
tial for policy to mitigate trade-off.® It al-
lows for broader hypothesis testing than
some earlier studies by focusing on more
than one site, for more than one year, using
more than one analytical tool (see the Meth-
ods section below).

Setting and research focus were selected
with research gaps and policy relevance in
mind. The Amazon rainforest has broad
importance as one of the last remaining
frontier forests that is vast and intact
enough to provide important environmental
services (Bryant, Nielsen, and Tangley
1997). The fate of its carbon stocks, rang-
ing between 140 and 350 tons per hectare,
and biodiversity—likely over half the
world’s species (Lele et al. 2000)—are
under discussion as the world moves to-
ward a revisit of the Rio conference and ne-
gotiations on the Kyoto Protocol. Policy
analysis in Brazil, particularly with meth-
ods that can speak to consequences of pro-
posed policies, has much to contribute at
this time. Sixty percent of the Amazon’s
5.5 million square kilometers fall within
Brazilian borders;” lively discussion is on-
going there about development strategies
for the region (J. Valentim, personal com-
munication 2000). Current government
plans include (and past policies have in-

cluded) deforestation and forest use regula-
tions; zoning efforts; land set-asides for
parks, reserves, and indigenous groups;
credit programs; government-sponsored
migration; infrastructure decisions; and ad-
vances in agricultural and extractive tech-
nologies for the humid tropics (Brazil 1997,
Acre 2000; Homma 1998; Lele et al. 2000;
Serrdo and Homma 1993; Serrdo et al.
1996; Valentim and Vosti forthcoming).
Within the Brazilian Amazon, the west-
ern states of Acre and Rondénia—the focus
of this study—provide an opportunity to ex-
amine agriculture’s role in the frontier de-
velopment process as it unfolds. Compared
with the eastern Amazon, this is a less es-
tablished frontier, more recently connected
to the rest of Brazil and settled by agricul-
turalists. With the exception of one area of
relatively high fertility soils (Ouro Preto do
Oeste, Rondonia), the western Amazon is
also the focus of fewer studies with an eco-
nomic perspective.® The states themselves
provide distinct examples of different set-
tlement histories, including historical forest
use, magnitude of migration, agricultural
policies, and degree and timing of links to
the broader Brazilian economy. This part of
the western Amazon may also be on the
brink of large economic changes as port and
road facilities recently finished or nearing
completion link this area to international
trade (for flows of goods and people). Re-
search tools that can shed light on likely

(’Biophysical research done in conjunction with this research assessed certain global environmental services in
forest margins, notably carbon stocks and biodiversity (phase II reports of the Alternatives to Slash-and-Burn
Agriculture Programme). This report uses deforestation to proxy for their loss and focuses on production-related
environmental problems, particularly soil degradation.

"The rainforest areas are covered by what is called the Legal Amazon; this plus other land within the same states
comprises Brazil's Northern region (see, for example, Chomitz and Thomas 2000), used in compiling regional
statistics. Unless otherwise noted, all secondary data in this report for the Brazilian Amazon refers to the North,
not the Legal Amazon.

8 An overview of the literature for the eastern Brazilian Amazon, focusing on the state of Para, and for the west-
ern Brazilian Amazon, focusing on Ouro Preto do Oeste in the state of Rondonia, plus studies emerging from the
research sites under examination here, is presented in the next section of this chapter on research on deforesta-
tion and agriculture in the Brazilian Amazon.
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responses of current inhabitants to proposed
policies and imminent economic changes in
this area are timely.

Focusing on small-scale agriculture al-
lows direct study of the link between
poverty and environment, particularly the
land use and investment decisions (includ-
ing deforestation) of farmers under consid-
erable production constraints—some of
them agronomic. The research provides data
points and replicable methodologies avail-
able for cross-site and cross-country com-
parisons to illuminate more broadly the role
of small-scale agriculture in frontier devel-
opment. In tropical forest margins world-
wide, small-scale agriculture often gains a
foothold in the wake of extractive activities
or in response to government incentives
(Southgate 1990; Sunderlin 1996),° and it is
one of the several types of user groups
found. A more comprehensive understand-
ing of the frontier expansion process and of
the role of small-scale agriculture within it
awaits development of multiactor regional
models, to which research on small-scale
agriculture (along with research focusing
on other land users) is a necessary precur-
sor." Documenting agricultural productiv-
ity and poverty among smallholders is par-
ticularly relevant in Brazil because this
group is an important presence in the Ama-
zon demographically and economically.
Schmink and Wood (1984) document two
settlement projects that are part of a larger
effort to alleviate poverty while promoting
agricultural growth. Some 750,000 farmers
have holdings of less than 100 hectares in
Brazil’s Legal Amazon and contribute some
36 percent of agricultural GDP from the
Northern region, according to the most re-
cent agricultural census (IBGE 1998).

Taking a household perspective can
help unveil how factors originating at mul-
tiple scales—macroeconomic, regional, or
within the household or on the farm—play
out in specific land use decisions. This level
of analysis is critical to capture the interplay
between biophysical and economic factors
in deforestation decisions precisely because
it sidesteps many aggregation issues that
complicate interpretation of higher scale
models. It is a building block for under-
standing deforestation patterns at higher ge-
ographic scales, since local conditions
emerge in part from land users’ aggregate
behavior. It provides an especially impor-
tant complement to regional and national
economic models that often assume seam-
less market connections, given that tropical
forest margins are remote and in developing
countries. The household-level perspective
allows analysis to capture more con-
cretely—in ways conforming to local con-
ditions shaped by local institutions—the
consequences for farmers of imperfectly
functioning markets or inadequate access to
markets. The specificity of conditions trans-
lates into more reliable figures in terms of
magnitude of farmers’ response to a given
policy, which can aid in analysis of policies
already in place or a search for new policy
tools.

Research setting, scale, and methods
were also chosen with the idea of reaping
the potential benefits of cross-country and
cross-scale work (Vosti, Witcover, and Car-
pentier 1998). Selection was done in con-
junction with micro-level research ongoing
in other forest margins via the Alternatives
to Slash-and-Burn Agriculture Programme
(ASB) (Avila 1994). This work has since
included assessments of socioeconomic and

Small-scale agriculture has followed logging in Southeast Asia, oil exploration in Ecuador and Central Africa,
and been the focus of settlement projects in Brazil and Indonesia.

I Brazil, attempts to allocate deforestation across land users is as difficult as it is elsewhere (Sunderlin 1996).
Walker, Moran, and Anselin (2000) report that estimates in the literature of smallholders responsibility for de-
forestation range from 30 to 75 percent of overall Brazilian deforestation; Alston, Libecap, and Mueller (1999)
describe how different agencies within Brazil disagree about current trends.
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biophysical consequences of technologies
(shedding light on farmers’ ability to adopt
them) using similar research methods
(Gockowski, Nkamleu, and Wendt 2001;
Tomich et al. 1998; Tomich et al. 2001;
Vosti et al. 2001). Research at the regional
level on institutional structures (Syden-
stricker 1998) led to identification of addi-
tional factors (for example, local organiza-
tions and marketing structures) important
for the household perspective. At the
macroeconomic level, a regionally disag-
gregated computable general equilibrium
(CGE) model for Brazil was developed in
order to measure effects on Amazonian de-
forestation (and migration there) of broader
economic and technological shifts in Brazil,
and of Amazonian deforestation on the
broader national economy (Cattaneo 2001a,
b, 2002.)

The next section provides a brief
overview of economic trends associated
with deforestation in the study area. Valen-
tim and Vosti (forthcoming) summarize the
process in Acre and Ronddnia in greater de-
tail, drawing on much of a considerable lit-
erature that exists for the entire Brazilian
Amazon (for example, Bunker 1985;
Gheerbrant 1988; Homma 1998; Lele et al.
2000; Ozorio de Almeida and Campari
1995). For a general overview of broader
trends throughout Brazil, see Fausto 1999.

Economic Development
and Deforestation in the
Western Brazilian Amazon

Presumably since before European colo-
nization, small indigenous groups practiced
extraction and a rotating system of slash-
and-burn agriculture in the Amazon. While
pockets of agriculture moved into flood-
plains of the Amazon basin and upland re-
gions in the eastern Amazon starting in the
19th century, the search for rubber brought
an influx of economic activity to the west-
ern Amazon. Brazilians, particularly from
the poor northeastern region moved west
with the promise of jobs; Acre, which was

part of Bolivia until early in the 20th cen-
tury, was one of the destinations. They
found there a reality of virtual indentured
servitude. Forests were disturbed by paths
linking rubber trees (with some clearing for
agriculture to feed workers), but remained
largely intact. The bust to this economic
cycle came with the advent of plantation
rubber in Southeast Asia, which had better
access to trade routes (for more on the rub-
ber boom, see Gheerbrant 1988, Chapter 4).
Renewed economic interest in the re-
gion did not come until the 1960s, when the
government of Brazil initiated “Operation
Amazon.” The government created agen-
cies devoted to regional development, often
via subsidized credit to ranching and min-
ing interests, and it began construction on
an ambitious road network to link the Ama-
zon region to the rest of the country. With
the first paved road linking the western state
of Rondo6nia to the south in the late 1960s
came the beginnings of colonization (Jones
et al. 1995). The intention behind govern-
ment programs was to resolve national se-
curity issues associated with low population
densities in the region, while sparking eco-
nomic activity that would help fuel striking
growth rates being achieved in Brazil.
From these agencies’ inception until the
mid-1990s, nearly 400 credit projects were
approved for the Amazon, just under 10
percent of them in Acre and Rondoénia.
Tough economic times following the oil
crisis in the 1970s sparked an additional de-
velopment initiative in Brazil: the opening
of sizable tracts of land to small-scale farm-
ing at token prices in the Amazon, in order
to relieve the increasing poverty and land-
lessness plaguing Brazil’s economic centers
in the south and southeast (Wood and Wil-
son 1984). Busloads of migrants, displaced
by infrastructure projects and structural
change in agriculture, flooded into the re-
gion on and along government-built roads
or into government-sponsored settlement
projects on plots of up to 100 hectares,
blocked out with little regard to agronomic
suitability or water access. They began
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agriculture with practices imported from
vastly different agronomic and climatic
conditions and few tools to fight pests that
plagued crops and animals. Rampant
malaria added to early settlers’ difficulties
(de Bartolomé and Vosti 1995). The gov-
ernment set up health posts as well as
schools in the settlement projects, but
trained personnel were difficult to retain.
Despite harsh conditions, waiting lists to
obtain a lot were long.

Population grew at annual rates of 3—4
percent throughout the Brazilian Amazon in
the 1960s through 1980s. Growth rates in
most areas slowed over time, with the mi-
gration component dropping off sharply
during hard times in the late 1980s, as the
government tightened subsidized credit and
slowed road building as well as the opening
of vast settlement projects (Lele et al.
2000). Populations occupied areas targeted
for development and spilled over into areas
not specifically designated for settlement.
The frontier states of Acre and Ronddnia
saw staggering changes, with positions of
relative populations reversed amid dramatic
population growth. At mid-century, Acre’s
population of 100,000 was nearly three
times Rondonia’s 36,000. By 1996, Acre’s
population had grown fourfold, but Rondo-
nia’s population was nearly three times that,
or 1.2 million. The major rural actors in
both states consisted of large-scale interests
(usually ranchers), extractivists, and small-
scale, principally family, farms. Rural pop-
ulation continued to grow into the early
1990s in Rondénia, but it stayed roughly
stable from 1970 in Acre, as urbanization
offset in-coming rural migrants. By the
early 1990s, both states had urbanization
rates of close to 60 percent, part of broad
growth in cities throughout the Amazon
(Browder and Godfrey 1997). Amid these
demographic, infrastructure, and economic
shifts, the attractiveness of floodplain agri-
culture with access to river transport faded.

Upland agricultural areas rimming the
Amazon forest, including south-central
Rondonia, became more dynamic and di-
versified.

Although variation in deforestation esti-
mates persists across sources due to varying
techniques (see Faminow 1998 for a com-
prehensive look at the issues, the sources,
and measures), deforestation to date is esti-
mated to have removed roughly 13 percent
of the Brazilian Legal Amazon’s original
forest cover. It has occurred principally
along an arc varying in width from 200 to
600 kilometers, spanning the southern edge
of the region and moving northward, with
more than 80 percent within 50 kilometers
of a major road (Lele et al. 2000). Approx-
imately 152,200 square kilometers of forest
were felled by 1978, although close to 64
percent of this was felled prior to 1960 (and
grew back as secondary forest). This old de-
forestation was concentrated in the two
states of Maranhdo and Para. By 1988, a
decade later, about 377,600 square kilome-
ters total had been felled (Faminow 1998).
Area of forest felled continued to increase
each year during the 1990s, with reports of
a surge in 1994 and 1995 (Lele et al. 2000).
Acre and Rondonia followed the general
pattern seen for the Amazon as a whole.
The result has been conversion of nearly a
quarter of Rondonia’s forests to agriculture,
and just under a tenth of Acre’s since the
push to develop the Amazon began. Most
of the cleared land is cultivated as pasture
(70 percent in Ronddénia and 80 percent in
Acre) either immediately after clearing or,
more often, after a cycle of annual crops for
one or two years until yields drop off. Cat-
tle herds in both states have grown dramat-
ically, reaching approximately 3.5 million
for Rondonia and 450,000 for Acre by the
mid-1990s (IBGE 1998), even as soil
degradation has limited pasture carrying ca-
pacity. Agricultural offtake is also substan-
tial: rice production in 1995 topped 250,000
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tons'' in Ronddnia and about 50,000 tons in
Acre. Rondonia ranks third in Brazil among
coffee-producing states with an output of
150,000 tons. Economic benefits and wel-
fare improvements have accompanied rises
in agricultural output following deforesta-
tion. Ronddnia’s per capita gross domestic
product (GDP) grew by a factor of more
than three (to about US$6,500) and Acre’s
by more than four (to US$5,700) in the 25
years after 1970, while both literacy rates
and life expectancy have risen. By 1996,
the United Nations Development Pro-
gramme’s (UNDP’s) human development
indices for both regions were drawing close
to those for the rest of Brazil by 1996.
Economic growth has taken place
against a macroeconomic policy backdrop
in which inflation and hyperinflation of the
1980s—Ieading to fiscal tightening that in-
cluded scaling back of Amazonian develop-
ment—gave way to trade liberalization in
the early 1990s, followed by an economic
stabilization plan in 1994, strengthening the
agricultural sector. Rising concern about
loss of environmental services accompany-
ing forest felling still on the rise each year
and disputes over land as more economic
activity moves into the area have led the
government to undertake a number of for-
est-related policies. These include attempts
to tighten restrictions on deforestation on
private land (50 percent was the legal limit
during this study) as well as establishment
of national parks, extractive reserves, and
indigenous reserves amid new zoning ini-
tiatives, and initiating new environmental
impact assessment requirements. The vast
area involved and lack of training impede
enforcement of government forestry regula-
tions, as do, according to one World Bank
study (Lele et al. 2000), competing objec-
tives, lack of tailoring to different local con-

""In this report, all tons are metric tons.

ditions, and few market-based incentives.
There is, moreover, growing awareness that
if regulations were followed, additional
land available for agricultural expansion is
fast diminishing, but policy requirements
for economic growth from agriculture are
not (Soares 1997). This is in part behind
important shifts in agricultural research em-
phasis in the Amazon. Farm-based research
has swung from a focus on higher yields on
specific, traditional food crops to emphasis
on higher returns from a portfolio of agri-
cultural activities. Research now includes a
larger agroforestry or pure forestry compo-
nent alongside more long-standing initia-
tives on pastures and annual crops. Efforts
are made to assess and improve likely eco-
nomic and environmental impacts of re-
search from the design phase (Valentim and
Vosti forthcoming).

Even as policy debates and changes pro-
ceed, new forces are at work increasing
pressure on Amazonian forests. Robust do-
mestic timber demand and exhaustion of
forest in Southeast Asia mean logging, de-
termined to be a less important factor in
Brazilian Amazonian deforestation than
small-scale agriculture a decade ago, is
growing more significant (Lele et al. 2000;
Reis and Margulis 1991). The role of
small-scale agriculture is also changing: as
agricultural production from older settle-
ments continues to expand, new areas are
being opened up to small-scale agriculture.
Within the last five years, government re-
sponse to a growing landless movement in
Brazil has sparked a new wave of settle-
ments in the Amazon, including in Acre and
Rondénia. There are fewer migrants this
time, and they are being settled into projects
and on lots smaller in size than in the past,
away from contiguous forest areas. New
lines of credit more easily accessed have
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begun to flow. Being able to understand
and to some extent quantify the likely be-
havior of small-scale farmers in response to
policy changes, and the consequences for
their welfare, economic growth, and defor-
estation, is thus more important than ever.
The next section briefly summarizes re-
search on deforestation for agriculture in
Brazil.

Research on Deforestation
and Agriculture in the
Brazilian Amazon

Deforestation rates in the 1980s—estimated
at 20,000 square kilometers annually—
brought international research attention to
agriculture in the Brazilian Amazon. Pas-
tures expanded quickly at the same time;
studies later confirmed the importance of
cattle ranching in Brazilian Amazonian de-
forestation (Reis and Margulis 1991). Pol-
icy analysis indicates that the substantial
credit subsidies disbursed by the govern-
ment to large ranching concerns to induce
settlement of the frontier were responsible
for agriculture’s growing presence in the
Amazon, and huge tracts of forest fell in the
name of low productivity and extensive
livestock production (Binswanger 1987,
Mabhar 1989). Because soils lose nutrients
from the burn of forest biomass relatively
quickly in cleared areas, it was thought that
pastures would degrade quickly, forcing
farmers to deforest more land to support ex-
isting herds; already high deforestation
rates would therefore be sustained (Fearn-
side 1989; Hecht 1984). This was taken as
evidence that cattle ranching in the Amazon
without subsidies would simply not be prof-
itable (for a critique of this conclusion
based on different studies’ models and as-
sumptions, see Faminow 1998). Similarly,
the low agronomic potential of Amazonian
soils was thought to be behind deforestation
by small-scale farmers who had moved to
the region also in response to government
incentives. Their need to plant annual crops
for subsistence and their inability to pur-

chase inputs to keep a given plot in produc-
tion more than a few years forced them to
deforest more land, thus perpetuating a
cycle of poverty and environmental degra-
dation (Cunha and Sawyer 1997).

This implied that the Amazon was no
place for agriculture, either small or large
scale, given the low productivity, environ-
mental damage, and the need for continued
public sector support to persist. When fed-
eral support for settlement dwindled in the
late 1980s (Lele et al. 2000), in response to
domestic fiscal concerns and international
criticism of Amazon policy, some expected
that farmers would abandon their lots.
Lower rural population growth and urban-
ization trends seemed to support this notion
(Cunha and Sawyer 1997).

Early studies, however, overstated the
decline in carrying capacity, particularly of
pastures. They failed to account for the fact
that farmers’ situations vis-a-vis developing
markets were improving over time and that
practices and technologies better adapted to
agronomic conditions would emerge over
time (Faminow 1998). While not numer-
ous, several studies from different parts of
the Amazon now exist that take a careful
look at production parameters and financial
profitability of pasture and livestock pro-
duction systems (Faminow 1998 summa-
rizes these, and underlines the importance
of dual milk/beef production systems for
smallholders).

Other evidence emerged that called into
question the conventional wisdom that
agronomic constraints were principally why
farmers continued to deforest. Pfaff (1997),
for example, found that more deforestation
occurred on soils of higher fertility. Profits
for pasture systems persisted even with less
government support (Faminow 1998;
Faminow and Vosti 1998; Hecht 1993; Mat-
tos and Uhl 1994; Valentim and Vosti forth-
coming). While some have argued that in-
tensifying pasture systems could remove
pressure to deforest (Mattos and Uhl 1994;
Arima and Uhl 1997), they did not always
take explicit account of all farm resources
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(Faminow 1998) or long-run effects. Catta-
neo (2001a,b) finds that improvements in
cattle technology promote deforestation in
the long run. In general, he sees significant
differences between short- and long-run
scenarios, which indicate the importance
for deforestation of free movement of capi-
tal and labor to and from frontier areas.

In explaining pasture expansion,
Faminow (1997; 1998) argues that govern-
ment support sparked burgeoning regional
demand for livestock and dairy products, a
factor usually overlooked, since most stud-
ies, especially those concerned with the en-
vironment, emphasize supply. Given the
vast distances within the Amazon, and sep-
arating the Amazon from other livestock-
producing areas, unmet demand creates
powerful price incentives for regional live-
stock production. Faminow demonstrates
how both production growth and regional
movement of livestock goods conform to
expectations from a spatial market analysis.
Farmers in the western Amazonian frontier
benefited from a price premium that al-
lowed them to thrive without forcing them
to significantly alter low-productivity, land-
extensive technologies. Walker, Moran, and
Anselin (2000) interpret regression results
indicating that producer price changes fa-
vored beef over other cash crops in the
Brazilian Amazon in the period from the
mid-1970s to the mid-1990s. Schneider
(1992) discusses, and Cattaneo (2001b)
finds evidence for, the transference of live-
stock production to the Amazonian frontier
as soybean production expanded in areas
where livestock previously dominated.

Other work at the regional level empha-
sizes the combined role of expanding road
networks and rising agricultural demand in
prompting population growth and defor-
estation (see, for example, Pfaff 1997),
while documenting some role for govern-

ment policy. Using county-level data, Pfaff
(1997) confirms the importance for defor-
estation of some of the trends coming out of
the policy push to develop the Brazilian
Amazon: development projects were linked
to deforestation in the 1970s but not the
1980s (but no robust relationship regarding
credit emerged); closer proximity to mar-
kets to the south of the Amazon as well as
higher road densities were associated with
more deforestation; and early arrivals to the
region—not simply higher population den-
sitiess—had greater environmental impact.'?
Andersen (1996) similarly found that the
importance of federal policy for deforesta-
tion faded in the 1980s in the face of local
market forces—economic growth, popula-
tion growth, and locally funded roads.
Schneider (1994) argued that increased
road density in already settled areas and
fewer roads reaching into new forest areas
are necessary to provide sustainable liveli-
hoods for forest inhabitants, while protect-
ing further encroachment into the forest.
Some studies point to the importance of
property rights in Brazilian Amazonian de-
forestation, including a role for land specu-
lation (Alston, Libecap, and Mueller 1999;
Kaimowitz and Angelsen 1998). Others
discount the role of speculation. Chomitz
and Thomas (2000) demonstrate a link be-
tween land values and expected profit
streams from agriculture. Faminow (1998)
shows that, in the decade from the mid-
1980s to the mid-1990s, Amazonian land
prices appreciated at far lower rates than
elsewhere in Brazil, and relatively few op-
portunities existed for strongly positive re-
turns (over 5 percent annually) from Ama-
zonian land purchases. In a general equilib-
rium framework, Cattaneo (2001a) finds
that insecure property rights tend to protect
forests, but the size of the effects varies
greatly with the length of security of tenure.

This study did not, however, explicitly consider colonization projects.
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Still others have found that climatic condi-
tions, principally high precipitation levels,
in effect prevent conversion of forest to
agriculture (or promote abandonment of
that land), even controlling for some market
linkages, and that agriculture offers low pri-
vate returns (Chomitz and Thomas 2000)."

Considerable uncertainty persists about
the relative roles of large- and small-scale
farming, in particular pasture operations, in
deforestation (Lele et al. 2000). Faminow
(1998) breaks down farm-size statistics by
state, noting that Mato Grosso, the only
state where smallholders are relatively ab-
sent, is where large-scale ranching predom-
inates on land not originally forested, which
suggests that smallholders play an impor-
tant role in Amazonian deforestation.
Walker, Moran, and Anselin (2000) find ev-
idence from the eastern Brazilian Amazon
suggesting that deforestation rates vary
considerably with the history of original
settlement of area, and they find disagree-
ment between satellite images and farmer
survey data. Fujisaka et al. (1996), how-
ever, find recall survey data from farmers
generally in line with satellite imagery for
one of the western Amazonian sites studied
here. In his general equilibrium model,
Cattaneo (2001a,b) finds that particular
agricultural technologies have different im-
pacts on deforestation, depending on
whether small- or large-scale farmers adopt
them.

Among those focusing on small-scale
farming, there are mixed results regarding
the welfare of migrants in settlement proj-
ects and deforestation there. Some found
evidence that the welfare of settlers had im-
proved from their areas of origin (Schneider
1994), and others found evidence of decap-
italization (Jones et al. 1995). Lefia (1991)
describes a multiwave settlement process in

a colonization project in Rondo6nia, in
which distress sales of lots by deeply in-
debted early migrants led to transfers of
properties to second-wave migrants with
considerably greater assets. Alston,
Libecap, and Schneider (1995) similarly
find settlers at the frontier to be poorer than
those settling within the forest margin. They
also find property transfers from farmers
with low opportunity cost to farmers with
higher opportunity cost as the frontier de-
velops and rising land values accompany-
ing land market development, which con-
tributes to settlers’ ability to capitalize.
Dale et al. (1993) model the effects of
farmer transience on land use in that same
colonization project, given biophysical con-
straints on agriculture and distance to mar-
ket. At the household level, Dahl (1998)
and Faminow et al. (1999) document how,
up until the 1994 stabilization plan, house-
holds tended to choose pasture systems in
part because of price risk. Walker, Moran,
and Anselin (2000), in a regional study fo-
cusing on the eastern Brazilian Amazon,
find that availability of hired labor trumps
on-farm financial and family labor forces as
a factor in smallholder deforestation.

Other deforestation studies examine
land use choice in more detail from a farm-
level perspective, comparing relative profits
of alternative systems as well as farmers’
ability to adopt them, and including qualita-
tive analyses of policy impacts. In the east-
ern Brazilian Amazon, such financial analy-
ses include de Almeida and Uhl (1995),
Arima and Uhl (1997), and Toniolo and Uhl
(1995). Some similar studies in the western
Brazilian Amazon took a whole-farm view
by including the opportunity cost of family
labor alongside out-of-pocket expenses (for
example, Vosti et al. 1998 for agroforestry
systems and Faminow, Pinho de Sa, and de

BMore precisely, on the basis of existing agricultural use, climate, and infrastructure for the Legal Amazon, they
predict rapid drop-offs in the percentage of area in agriculture between 1,600 and 2,000 millimeters of rain an-
nually (from 22 to 8 percent), with virtually no land in agriculture at precipitation levels of 2,300 millimeters.
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Magalhaes Oliveira 1996 for pasture sys-
tems). Faminow (1998) also describes cat-
tle services (such as banking, traction, or-
ganic matter, and cultural considerations)
that are often overlooked in financial analy-
ses but make these systems especially at-
tractive to smallholders. Jones et al. (1995)
use a regression framework to study farm-
level choice of pasture versus other land use
options for an Ouro Preto do Oeste, Rondo-
nia, sample in the western Brazilian Ama-
zon. They find higher productivity per
hectare associated with lower levels of for-
est clearing, with a stronger effect for crop
than pasture productivity—perhaps picking
up effects of labor-intensive technologies
used in perennial production. These studies
and others at both national and regional lev-
els in Brazil (including Cattaneo 2001a,b;
Walker, Moran, and Anselin 2000) may
point to labor availability as a critical factor
for small-scale farmers that affects land use
choice and, in turn, deforestation.

Objectives

This report sets out to examine the policy
issues regarding environmental sustainabil-
ity, economic growth via agriculture, and
poverty alleviation presented by the pres-
ence of large groups of smallholders prac-
ticing semi-subsistence agriculture at the
edge of Brazil’s Amazon rainforest. The
aim is to provide concrete information to
decisionmakers and all who are interested
in striking a balance among these objec-
tives. More specifically, the report seeks to
e cxamine the trade-offs or complemen-

tarities under current conditions be-

tween farm household welfare, includ-

ing prospects for rising out of poverty

where this is relevant, and effects on the

environment felt beyond the household,

focusing on loss of privately held ma-
ture forest in these areas;

e highlight how prospects for forests and
farm-level welfare might shift under
proposed or imminent changes in situa-
tions faced by farmers (as a result of
policy changes or other factors);

e cxplore the latitude for policy action—
particularly combinations of policies
that involve consideration of available
agricultural technologies and existing
local institutions—to improve farmer
welfare and environmental outcomes on
farms; and

e discuss the generalizability of findings
and methods beyond the study area,
drawing implications for other forest
margins where possible.'

To illuminate these topics, the report
takes several sequential steps, each stem-
ming out of a common underlying theoreti-
cal model of household behavior under con-
straints centering on profit maximization
after making some assumptions about
household preferences and consumption
patterns. The model is dynamic in nature,
forward-looking regarding profit expecta-
tions and time paths for optimal action,
backward-looking regarding resource con-
straints resulting from past actions, and cap-
tures the agility with which farmers can
react to price signals given land use conver-
sion techniques and ongoing biophysical
processes. The model centers on the im-
portance to household land use decisions of
household endowments of labor, knowl-
edge, liquid assets, and land (including land
quality and the previously mentioned bio-
physical processes) plus specifics of the
market/institutional context, especially
available technologies, but also marketing
structures and nonmarket (or what could be

1t does not involve identifying a socially optimal level of or locale for deforestation but aims to provide input
to policymakers who face such choices. Nor does it attempt to explain the process by which smallholder agri-
culture came to the Amazon—a topic best explored beyond the farm level.
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seen as a market formed at a more local, in-
formal level) opportunities for trading
among neighbors. These factors combine
to form prices that households see at the
farm gate, or prices in effect internal to the
household because of on-farm competition
for scarce resources—for inputs and out-
puts upon which households base their pro-
duction decisions, including land use.
More detail on the theoretical model ap-
pears in each analytical chapter, with differ-
ent simplifying assumptions made in each
case to examine different aspects of the
problem using different analytical tools."
With this model as a backdrop, the report
undertakes to meet the objectives in four
discrete steps.

The first step is to describe trends in the
study area, not just in land use and welfare,
but also in factors that might affect them,
notably household, farm, and off-farm mar-
ket and other institutional characteristics.
This description provides an understanding
of the context in which land use decisions
are made, including important heterogene-
ity, and possible “success stories” in the
sample (farmers whose livelihoods are im-
proving at less expense to the forest). This
information is important in its own right as
input to policy decisions but critical as a
basis for developing and understanding the
rest of the analysis.

The second step is to assess, of the myr-
iad possible determinants of land use
trends, which are most essential in these
particular study sites and with what impli-
cations for livelihood, poverty, and environ-
mental aspects of interest.

The third step is to explore implications
of these key determinants for policy, outlin-
ing likely outcomes if current conditions
persist, possible ones given current policy
debate, and, perhaps most importantly, the

scope for policy to make success stories
more prevalent.

The fourth step involves an attempt to
pin down when and how the types of key
determinants and their relationships with
land use decisions hold in other settings.
This is done with an eye toward whether a
similar type of analysis, if performed else-
where, would need to have the depth re-
quired in this one. Could it be pared down
or could the emphasis of the hypotheses
(and therefore the analytical technique and
data requirements) be shifted? More effi-
cient research methods are required if the
number of micro-level studies for various
developing-country settings needed in order
to understand broader deforestation
processes at work have a hope of being un-
dertaken by researchers. (See the earlier
discussion on the lack of micro-level em-
pirical studies providing a foundation for
work at broader scales in diverse settings.)
The need for research efficiency is, if any-
thing, more pressing for developing-
country researchers, who are often under
severe resource constraints.

Methods

The report uses a mix of descriptive and an-
alytical methods and tools to cover the
ground required by the four steps described
above. Underpinning all the analyses is de-
scriptive information about how farmers
use land, derived from a mix of primary and
secondary sources. Secondary data on
prices and aggregate land use trends are
supplemented with information about farm-
ing practices, available and experimental
technologies, land tenure processes, mar-
keting channels, and functioning of local
organizations gleaned from both formal
surveys and informal interviews with

'>The model does not account for endogenous changes beyond the household driving development of new tech-
nology or general equilibrium effects, if any, that emerge when individual households like the one described here
are jointly considered in one study region. Both aspects, however, and their possible implications for analysis,

are discussed within the analytical chapters.
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farmers, extension agents, representatives
of government entities (including agricul-
tural research) at the local level. Primary
data on household land use, endowments in
labor, capital and land, and market access
were obtained in two rounds of survey data
collection at the two project sites; 1994 and
1996 were the primary field survey years,
although data were collected from about
1993 through 1997. Primary data on local
characteristics were obtained via a mix of
household and community surveys, plus a
separate survey and interview technique fo-
cusing on local organizations (Syden-
stricker 1998 summarizes findings from
this last survey).

This information documents current
trends in farmer welfare and land use. Key
determinants are identified via a mixture of
analytical techniques. Farmer adoption of
particular technologies is first analyzed in a
policy analysis framework that combines fi-
nancial analysis (private returns to land and
labor) with assessments of factors both on
and off the farm that might affect adoption
in a realistic setting. Profitability and adop-
tion assessments are based upon qualitative
judgments about profit risk, especially from
production, price, and marketing channel
volatility. The framework is conceptually
dynamic, focusing on a land use trajectory
for a particular plot rather than taking a
static one-period view. Its strength is its
ability to focus in on the importance of fac-
tor intensities and the resource base in the
performance of particular technologies over
a time horizon. The assessment of on-farm
resource constraints, principally labor and
capital, is based on primary data. The more
qualitative assessment of aspects of local
markets and institutions that might facilitate
or impede adoption emerged from partici-
patory interviews with researchers, exten-
sion agents, and farmers.'¢

Multivariate regression analysis is used
to highlight factors that are specific to
farms, farm households, or their access to
markets or trading opportunities and that af-
fect observed patterns of land use by ex-
ploiting the heterogeneity in these dimen-
sions found in the sample. While important
factors behind observed patterns—such as
risk, exact consumption patterns, or farmer
knowledge—cannot be directly tested for
given data constraints, they nonetheless are
a part of observed land uses, a fact that
needs to be considered in interpreting re-
gression results. More specifically, the
equations to be estimated are derived from
the theoretical framework of household
profit maximization, constrained by fixed
land quality and limited labor and capital
resources resulting from incomplete access
to regional markets. It explores the respec-
tive roles of heterogeneous household and
farm characteristics, on the one hand, and
local policy, institutional, and market char-
acteristics, on the other, in changing prices
faced by farmers from those formed at the
local marketplace. It does so while control-
ling for land quality and factors—princi-
pally biophysical, in the absence of external
input use—that impede swift conversion
from one land use to another in response to
farm-gate and endogenous prices. Al-
though a cross section, it encompasses
some essential dynamics of the problem of
choosing an optimal time path of land use
based on expectations of future profits, sub-
ject to biophysical and other resource con-
straints as well as local institutional (includ-
ing market) characteristics. As applied, the
model estimation captures more of the
backward-looking elements of this dynamic
problem, drawing on panel-type data for re-
cent land uses as well as the state of the lot
when the current owner arrived.

15This participatory process alone proved useful and sometimes eye-opening to the various categories of inter-
viewees about aspects of technology development and design they had previously not thought or known much

about.
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A farm-level bioeconomic linear pro-
gramming model, also derived from the
basic theoretical structure, highlights the
roles of on-farm resource competition and
the forward-looking aspect of farmer profit
maximization to provide important angles
needed to identify key land use determi-
nants lacking in the other analytical tools. It
incorporates important biophysical aspects
into the dynamic framework, namely the
role of nutrient availability in on-farm com-
petition among specific land uses, as well as
degradation processes resulting from (or
continuing in the absence of) particular land
uses. It also allows more explicit consider-
ation of the role of relative prices, both ex-
ogenous to the farm and endogenous, in the
case of imperfectly traded goods, since
these enter the model explicitly. The bioe-
conomic model explores these aspects
under some assumptions about basic
farmer, farm, and institutional/local con-
texts that are held fixed for specific scenar-
ios that run out over a 25-year time horizon.
The assumptions, including prices, are
themselves derived from fieldwork and the
other analyses or secondary data sources al-
ready discussed (and changeable to reflect
the range of conditions in the sample and to
examine their implications). Caveats about
how far the model can reliably be tweaked
are explored in the chapter on the model.
Analyses for identifying determinants of
land use also point to specific roles for wel-
fare/farmer income as both determinant and
outcome of land use decisions.

All analyses discussed thus far seek to
understand  current conditions and
processes, and the report explores policy
implications of the findings associated with
specific research results, which suggest

possible farmer responses to specific policy
changes. To gain insights into a wider
range of situations, a means of exploring
counterfactual or future scenarios is needed.
The bioeconomic model stands alone
among the analytical tools used here in this
regard, via its ability to shed light on the
forces that would affect farmer response to
a range of different conditions (with caveats
as already alluded to) and policy contexts.
The simulation tool is used to highlight
farmer responses, under otherwise current
conditions, of particular changes in policy
or socioeconomic environment. The aim
here is less to predict likely future paths
than to further highlight the nature of on-
farm resource competition and dynamic
profit maximization, with biophysical
processes more realistically integrated into
the process than is often the case.

The fact that this sample included two
study sites and heterogeneity within each
expands the ability to generalize from re-
sults, compared with a pure case study.
And, to some extent, bioeconomic model
simulations provide clues for what could
happen in other forest margin areas like the
ones studied here. Still, empirically based
lessons for other forest margin areas cannot
realistically be drawn out of the sample, but
the body of evidence emerging from the
conjunct of analyses combined with knowl-
edge of the study setting and presence of a
broader theoretical framework contributes
to informed speculation on this topic. That
said, sufficient detail on all analytical tools
used here is documented or cited in this re-
port to allow their replication in other
settings."’

Other tools or variants of these are available that could also cover the steps outlined. Some of them (such as
spatial regression analysis or spatially explicit bioeconomic modeling, time series analysis, or a longer panel of
data) could be important for understanding the processes under study but require a level of detail and amount of
data that made them untenable here. Based on findings in this report, the spatial analysis could be particularly
illuminating if it incorporated local processes not explicitly modeled here but to which this analysis points as im-

portant.
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Organization of the Report

Chapter 2 describes the research sites and
the household sample on which analysis is
based. It provides historical background on
the study sites. It then characterizes preva-
lent land use patterns—cross-sections of
land cover plus trajectories of the evolution
of plots from forest to various land uses
over a 20-year timeframe—as well as cur-
rent and proposed production technologies.
It does so within the context of available
household resources, market access, and
nonmarket institutions, describing those
sample characteristics in the process.
Chapter 3 includes in more explicit form
the general theoretical (dynamic) model of
optimal land use under the constraints de-
scribed. It derives reduced-form (cross-sec-
tion) land use equations from the theoretical
model to be estimated in a multivariate re-
gression (Tobit) framework, then presents

and discusses specific hypotheses and re-
sults. The analysis explores the respective
roles in land use of heterogeneous house-
hold and farm characteristics, on the one
hand, and local policy, institutional, and
market characteristics, on the other. Chap-
ter 4 lays out the structure of the bioeco-
nomic linear programming model, presents
land use and income results over a 25-year
time horizon for a baseline scenario (con-
tinuation of current conditions), explores
the sensitivity of results to changes in key
parameters, and describes land use and in-
come results for a series of policy scenarios
relevant to the study area. Analytical chap-
ters contain separate sections on assump-
tions and their implications for results.
Chapter 5 presents principal conclusions
and implications for policy and future re-
search.



CHAPTER 2

Research Site and Sample Characteristics

that links the western Brazilian state of Acre to its neighbor to the east, Rondonia, and

Rondénia to the south of Brazil. Figure 2.1 locates the projects Theobroma and Pedro
Peixoto, and their respective states, Rondonia and Acre, within the western Brazilian Amazon.
This chapter describes the research site, land use patterns in the study area, selection of the
household sample, and sample characteristics.

This report focuses on two colonization projects along the main roadway, the BR-364,

Site Description

The all-weather BR-364 allows flows of goods, services, and people to reach these remote
states in the western Brazilian Amazon from major markets in the south around So Paulo.
Built in 1968, it initially linked the south to Porto Velho, Rondonia’s state capital and a major
port on the Rio Madeira, providing access to the Amazon for streams of migrants throughout
the 1970s. The intensive colonization accelerated even more in the early 1980s, after the road
was paved. The state government in Rondodnia has at times actively promoted particular agri-
cultural products and livestock through rural credit programs. Farm establishments statewide
ballooned, rising from about 1.6 million hectares in 1970 to about 8.9 million hectares in 1995
(IBGE 1998; Silva Filho undated), with farms of 10—100 hectares contributing 46 percent of
state agricultural GDP (IBGE 1998). In more settled Acre, extractive activities (principally
rubber tapping and Brazil nut collection) were already a tradition when the opening of colo-
nization projects accelerated in the 1970s. Because Acre’s links to southern markets and even
Rondodnia were more tenuous and further away (the stretch of BR-364 between Porto Velho
and Acre was only paved in the early 1990s), its inflow of migrants was somewhat muted
(Avila 1994; Carvalho de Mesquita 1996). Government policy and discussions on Acre have
often centered around a development strategy involving forest products. In sharp contrast to
Rondonia, Acre started from a larger farmland base in 1970 of 4.1 million hectares, peaking
near 5.6 million hectares in 1980 (IBGE 1998). At the end of 1995, farmland stood at about
3.2 million hectares (IBGE 1998), as agricultural activity shifted from the far western reaches
of the state eastward toward the state capital of Rio Branco near the border with Rondonia
(Acre 2000).

While the two states have been subject to contrasting pressures for agricultural expansion
as a result of differences in policy and market environments, both have seen a pattern of pri-
vate forest falling and pasture area rising over the two-and-a-half decades since colonization
began in earnest. Even though absolute area in forest on farms in Rondoénia grew five-fold
from 1970-95, the proportion of farms in natural forest dropped from about 66 percent to
nearly 57 percent during the period, as planted pasture grew from 2 to 29 percent of farm area

18
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Figure 2.1 Map locating Theobroma and Pedro Peixoto in the states of Rondénia and Acre
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(IBGE 1998). From a less dramatically
changing area base, Acre evinced similar
patterns starting out with higher proportions
of farmland in natural forests. Acre farm-
land went from close to 95 percent forested
and less than 1 percent in planted pasture in
1970 to 73 percent forested and nearly 18
percent in planted pasture in 1995 (IBGE
1998). In both states, the amount of forest
cleared has increased with each passing
year. As in the rest of the Amazon, both
1994 and 1995 saw large increases in vol-
ume variously attributed to poor data be-
cause of cloud cover on satellite images to
incentives to invest more in forest clearing
in the wake of the July 1994 currency stabi-
lization plan (Lele et al. 2000).

For this report, sites within these two
states were chosen to examine the contribu-
tion to these land-use trends of one type of
land user in one type of area—small-scale
farmers in government-sponsored coloniza-
tion projects—amid different policy and
market settings. From 1970 through 1999,
settlement projects in Rondonia numbered
96, spanning close to 5 million hectares,
with close to 50,000 families settled. Over
time, the area of each project has tended to
shrink (and with it initial lot size distrib-
uted), and lower proportions of project area
are formed from unowned, natural forest-
land (Ferreira 1996; S. Oliveira, personal
communication). Likewise, by 1999, Acre
had 53 settlement projects, covering nearly
1.3 million hectares, or 9 percent of the
state, with over 16,000 families settled
(Acre 2000). Although insufficient data
exist for precise measurements of state rural
areas and calculations of rural population
densities, illustrative ranges for both states
in 1995 show that these densities were still
low. Statewide population densities (using
rural and urban populations and total state
area) that year were approximately 3.2 peo-
ple per square kilometer in Acre and 5.2
people in Rondénia. Distributing the rural
population over the entire state area (under-
estimating the desired figure), then over all
farm area established within the states

(overestimating the desired figure) results
in ranges of 1.10-4.21 and 1.96-6.24 peo-
ple per square kilometer for Acre and
Rondoénia, respectively (IBGE 1997).

The colonization project of Theobroma,
Rondbnia, is located some 350 kilometers
south of Porto Velho along BR-364, and it
spans approximately 300,000 hectares,
much of which was spontaneously settled
well before the project’s official opening in
1979, with approximately 3,000 families
settled on 100 hectare parcels (Fujisaka et
al. 1996). Pedro Peixoto, Acre, lies some
500 kilometers to the west of Porto Velho
along BR-364, with its center about 60 kilo-
meters east of the Acre state capital of Rio
Branco. Opened in 1972, it covers approx-
imately 317,600 hectares and is officially
home to 4,225 families (Acre 2000). These
projects were chosen because of their dif-
ferences in amount of forest cleared (more
than half in Theobroma, less in Pedro
Peixoto), land use (perennial tree crops
being more evident in Theobroma), soil
degradation (more advanced in Theo-
broma), time since initial settlement (Pedro
Peixoto is more recently settled), popula-
tion pressure (higher in Theobroma), policy
environment, and access to markets (Avila
1994). While Rondonia has soils of gener-
ally higher fertility and flatter topography
than Acre, Theobroma has relatively poor
soils; it was selected to enhance the capac-
ity to control for the importance of this fac-
tor across policy settings.

Agriculture in the Study
Area

This humid tropical area of the southern
Amazon rainforest sees temperatures aver-
aging 22—60°C and mean rainfall of about
2,000 millimeters annually, with a heavy
rainy season from October through Febru-
ary, sporadic rains through May, and a
marked dry season from about June through
September (Fujisaka et al. 1996). While
soil quality varies widely and is patchy,
predominant soil types—Oxisols in Acre,
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and Oxisols, Alfisols, and Ultisols in
Rondoénia (Fujisaka et al. 1996)—are of rel-
atively low natural fertility with high levels
of acidity, low phosphorus content, low lev-
els of cation exchange, and high levels of
aluminum toxicity (Sanchez 1976; Palm,
Swift, and Woomer 1994).

The distinct dry season permits agricul-
ture by a slash-and-burn process (contrast-
ing with the slash-and-mulch system
adopted in more humid Amazonian areas,
described in Pichon 1997). A typical agri-
cultural year starts in May with the begin-
ning of the dry season and finishes in April,
the end of the rainy season. Forest-felling
occurs during the dry season from May to
July. The cleared area is allowed to dry, then
burned in August or September prior to the
expected onset of the rains, and planted to
annuals, perennials, or pastures.

Slash-and-burn agriculture exchanges
the relatively efficient and continuous nutri-
ent cycle of the forest ecosystem for a one-
time transfer of the stored forest biomass to
the soil. The biomass and its litter are
sources of organic inputs; once they are on
the soil, they decompose to generate plant-
available nutrients and soil organic matter.
In the first year after the burn, annual crop
yields are good, benefiting from the nutri-
ents in the forest biomass, which lower soil
acidity from the ash and make it more avail-
able to the crops. Afterward, crop uptake
occurs at planting time and the cropping
system releases its litter (crop residues and
roots decay) at harvesting time, a process
that generally causes loss of nutrients if no
fertilizer is added. Agroforestry and pasture
systems, when managed properly, come
closer to replicating the nutrient flow of the
forest system and thus use nutrients more
efficiently than annual cropping in the trop-
ical conditions (Palm, Swift, and Woomer
1996 discuss soil organic matter and agri-
cultural productivity).

The nutrient depletion process underly-
ing land use in the Brazilian Amazon is a
slow but steady march from forest to pas-
ture, perhaps through a succession of land

uses along the way. Most farmers plant an-
nual crops in the first year, usually rice
alone or rice intercropped with corn, fol-
lowed by a second crop of beans. Many
plant manioc in the second year (Fujisaka et
al. 1996). Food crops are supplemented by
corn to feed chickens and pigs raised
around the house, which provide the family
with extra protein.

With use of fertilizer virtually nonexist-
ent in the study area, yields decline rapidly
after the second year and annual crop pro-
duction on a given plot is usually aban-
doned after the third year. The plot then ei-
ther goes into a fallow period of several
years of secondary forest regrowth (“fal-
low” in the rest of this report implies such
regrowth; in practice this period is almost
always less than the five years required to
recover a level of nutrients similar to that
seen in forests). This is followed by another
year or so of annual crops, or the land is
planted to perennial crops—usually ba-
nanas or coffee (less prevalent in the Acre
site). More frequently, however, the land
becomes pasture. Perennials or pasture
may be intercropped with a final year of an-
nuals (annual/perennial intercropping in
fact indicates that perennials are in an es-
tablishment phase).

Perennials must grow for several years
before bearing fruit; replanting must occur
about every eight years. Pastures take a
year to establish, are usually burned yearly
for control of weeds and pests, and also
must be replanted, but at intervals that de-
pend on several factors. The pace at which
pastures degrade depends on soil type, pas-
ture maintenance, stocking rates, quality of
the forest burn, frequency of pasture burn-
ing, and variety of pasture grass planted.
Livestock activities may focus on milk or
beef production, usually dual purpose, al-
though the 1996 agricultural census re-
ported a resurgence of pasture production of
beef alone in both Acre and Rondodnia
(IBGE 1998). As yet in this study area,
there is little specialization in breeding or
fattening (as opposed to trends reported by



22 CHAPTER 2

Toniolo and Uhl 1995 in the less land-
abundant eastern Amazon state of Para).

Figure 2.2 sets out the land use trajec-
tory of a plot of land from forest, highlight-
ing the number of years that different ag-
gregate land uses usually remain on farm-
ers’ fields. The figure also notes the ob-
served periodicity of forest felling and aver-
age size of plot felled in the projects. Pri-
vate lots are usually deforested from the
front of the lot (facing the road) to the back,
with area in pasture steadily accumulating
(Fujisaka et al. 1996).

Virtually all farms include a home gar-
den, located near the house, with some an-
nuals and fruit trees. In Acre in particular,
some households collect Brazil nuts from
remaining forest areas, or hunt, fish, or

gather medicinal plants there. Valuable
timber was selectively logged in both study
arcas before initial settlement, and timber
extraction is not now a major activity in
these study areas. Income from the afore-
mentioned activities can be supplemented
by engaging in on-farm processing of
primary products—processing manioc
flour, making cheese, or aquaculture, for
example.

With few farmers using herbicides and
pesticides, and fewer still applying fertiliz-
ers, most crop yields for Acre and Rondonia
remained low and roughly stagnant in the
decade 1985-95." For the 1995/96 agricul-
tural year, statewide yields for rice were
1,100-1,200 kilograms per hectare; for
beans, 500—-600 kilograms per hectare; for

Figure 2.2 Land use trajectories and deforestation
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Frequency 2.14 years 1.05 129

Notes: The number of years noted below each land use box indicates time continuously in a given land use

and not the time elapsed from ¢,
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corn, 1,200-1,300 kilograms per hectare;
and for manioc, 8,900-10,000 kilograms
per hectare (IBGE 1998). With the excep-
tion of manioc (which saw an increase in
area from 8,202 to 13,892 hectares over the
decade), area devoted to these crops in Acre
stayed relatively stagnant over the decade,
varying up or down by little more than
1,000 hectares. In Rondonia, however, area
devoted to rice and manioc fell by nearly 50
percent, to 79,000 hectares and 5,000
hectares, respectively, while coffee area ex-
panded from 67,000 hectares to 97,000
hectares (IBGE 1998).

Stocking rates rose substantially in both
states over the decade 1985-95, based on
reported pasture area and bovine herds. In
Rondonia, the change was from 0.88 to 1.56
animals per hectare, and in Acre from 1.30
to 1.53 animals per hectare (IBGE 1998)
(these figures do not account for herd de-
mographics, which would mean lower rates
in terms of animal units). These rates go
beyond what local agricultural researchers
deem appropriate carrying capacity, and be-
yond what Chomitz and Thomas (2000)
calculate from the same census for the en-
tire Legal Amazon, with 40 percent of pas-
ture having up to 0.50 animals per hectare,
and the remaining 60 percent averaging
0.95 animals per hectare. As early as 1989,
Valentim reported an estimated 70 percent
of the then 600,000 hectares of pasture in
Acre had over 25 percent weed invasion
with some pasture returning to a secondary
forest state.

The end of the decade 1985-95 in-
cluded the first production year following a
stabilization plan (in July 1994), which in-
troduced the real as currency and effec-
tively ended a period of high inflation and
multiple changes of currency. The 1994/95

agricultural year also saw relative prices
moving sharply in the direction of coffee
production, compared with 1993/94 (trends
are examined more fully in Chapter 4 on the
bioeconomic model, since the two years of
data collection spanned this period; see the
section on the household sample in this
chapter and Table 4.4 in Chapter 4).

Agricultural research has developed
some experimental production systems to
improve yields that have been sporadically
adopted in the study area, including coffee
intercropped with fast-growing timber
species for Rondonia, and pasture mixed
with nitrogen-fixing legumes—ground
cover that reduces weed invasion and re-
moves the need for yearly burning, while
improving the nutrient content of pasture
for cattle—in Acre. Other higher-yielding
systems are more experimental still (and yet
to be adopted). Improved fallow systems
involve purposeful planting of tree species
in fallow areas that increase nutrient value
each year the fallow forest grows back, re-
sulting in the possibility of earlier cuts re-
quiring less manpower. Sustainable timber
extraction systems center around low im-
pact extraction methods for species with
some economic value using a 40-year rota-
tion/grow back involving contiguous
forests on private lands of groups of farm-
ers. Extension agents in the area lack the
resources to reach many farmers, but some-
times make arrangements to meet with
groups of farmers who have organized in
producer associations. At the same time,
the flow of information needed for technol-
ogy adoption may be hampered by the
scarcity of time and money for forming and
joining associations and by the dearth of
local schooling and health facilities in the
area (Sydenstricker 1998).

1Al figures in this paragraph come from single-year agricultural censuses and are not time averaged; no data
were available for multiyear smoothing to net out the effects of year-to-year variations in recorded output due to

risk factors.
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All systems, but especially traditional
and experimental perennial and pasture sys-
tems, require some upfront investments be-
fore cash income flows, yet farmers do not
have easy access to formal credit. The 1996
agricultural census confirmed that about 2
percent of farm establishments in Acre and
3 percent in Rondonia received credit that
year, and sources of informal credit are lim-
ited. Production systems also vary in their
labor requirements. The conversion of for-
est and fallow land to cleared area is one of
the most labor-intensive agricultural activi-
ties, all done by adult males with chainsaws
or scythes. Perennial trees also require a
considerable amount of labor seasonally,
particularly for the harvest, especially in
contrast to the low labor needs of extensive
pasture systems. Women and children par-
ticipate in some agricultural activities such
as planting, harvesting, and gathering
Brazil nuts. Adult male household members
occasionally work off-farm for wages or
in-kind payments of food or days of traded
labor or a combination of the three.

Table 2.1 evaluates factors affecting
smallholder adoption of selected traditional
and experimental systems, including pri-
vate profitability, labor requirements, and
market and nonmarket institutional con-
straints. It is adapted from a broader frame-
work that includes evaluation of agronomic
sustainability of the system (principally ex-
port of nutrients), carbon balances, above-
and below-ground biodiversity developed
for cross-country application as part of the
ASB program. (Working group reports
summarize the methods used to fill each
columns of the ASB matrix: see Vosti et al.
2000 for socioeconomic data, Palm et al.
2000 for carbon data, Gillison 2000 for bio-
diversity data, and Weise 1998 for agro-
nomic sustainability data). For application
and more detailed discussion of the full ma-
trix, see Gockowski, Nkamleu, and Wendt
2001 for sites in Cameroon, Tomich et al.
2001 for sites in Indonesia, and Vosti et al.
2001b for these Brazil sites.

Each row in Table 2.1 represents a land
use system that is a trajectory of land uses
over a 20-year period, usually beginning
with a two-year cycle of annual cropping
after forest is cleared, culminating in the
land use system described by the row title.
Each stage in the stylized land-use trajec-
tory in Figure 2.2 is represented. For those
systems not currently practiced for this
length of time—for example a traditional
annual/fallow system—the system is repli-
cated over a 20-year period to shed light on
why these systems have disappeared from
the landscape (and enable cross-system
comparison of results). This “unit” of
analysis captures an aspect of land use pat-
terns critical for the area but often over-
looked in cross-sectional or activity-spe-
cific analyses: the importance of the time
path of land use in the area, given serious
agronomic constraints that themselves
change with land use choices, and a propen-
sity of the land cover to change—via inva-
sion of weeds or return to secondary forest
fallow—in the absence of timely manage-
ment (Cattaneo 1998).

The environmental impacts of the sys-
tems (reported and discussed more fully in
Vosti et al. 2001b) are based on carbon
stocks averaged over the life of the trajec-
tory, and biodiversity measurements
(species counts, but with tallies kept of
function in the ecosystem and whether
species were productive or damaging to
agriculture) for the principal land use in the
trajectory. Details of methods are presented
in Palm et al. 2000 and Gillison 2000, and
details of site-specific findings in Lewis et
al. 2002. Samples from the study area indi-
cate forests average 220 tons per hectare in
total carbon sequestered above and below
ground, with the above-ground component
(about two-thirds of the total) diminishing
substantially for other land uses, least so for
an aging fallow secondary forest. Biodiver-
sity counts show a similar ranking of land
uses (although degraded pasture area had
considerably higher biodiversity than its
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Table 2.1 Evaluation of land use systems

Labor Institutional
Land Profitability” requirementsb requirements/constraints’
use
systems Returns to Returns to
(scale of land labor Reals/ (Person-days per
operation) (Reals/hectare) person-day hectare per year) Market Nonmarket
Forest -2 1 1

Managed forestry

(40 hectares) 416 20 12 Input, output, Information,
labor, and regulation, and
capital markets social cooperation
Traditional pasture 2 7 11 Input and

(75 hectares) output markets

Improved pasture 710 22 13 Input, labor, Information
(75 hectares) capital markets

Annual/fallow -17 6 23 Labor markets Impact of local
(1 hectare) environment

Improved fallow 2,056 17 21 Labor markets Information
(1 hectare)

Coffee, bandarra 1,955 13 27 Input, output, labor,  Information
(5 hectares) and capital markets

Coffee, rubber 872 9 59 Input, output, labor,  Information

(5 hectares)

and capital markets

Note:

Land use systems are described in Vosti et al. 2001b. All involve a 20-year sequence of land uses from forest, beginning with a

couple of years of annual cropping. For coffee-tree systems, socioeconomic indicators are based on production figures for each
component, unaffected by competition. Effects of plant competition on productivity over time are not yet known but are under study

in the area.

*Prices are shown in December 1996 reals; US$ = R$1.04 (the approximately 1:1 relationship mentioned elsewhere in this report);
discount rate used was 9 percent.
®Bold indicates competition, for a typical household, for labor with other agricultural activities including deforestation.

“Assessments were made in participatory sessions with local researchers, extension agents, and farmers.

Categories indicate

institutional constraints to, or impacts of, adoption (with bold indicating a more serious problem).

well-managed counterpart, thanks to weed
and pest invasion).

Economic evaluation is done from the
perspective of a small-scale farmer with rel-
atively good market access in the study
area, considering local labor availability
(project population densities in terms of

adult labor equivalents estimated in Vosti et
al. 2001b to be approximately 3 to 4 labor
units per square kilometer). Economic val-
uations are reported on a per hectare or per
labor unit basis; prices are based on second-
ary data for local markets and a discount
rate of 9 percent. Scale of operation is
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included to give an idea of the size of plots
normally dedicated to these activities in the
study area. Institutional evaluations are the
result of a participatory process including
local researchers, extension agents, and
farmers. Traditional and experimental sys-
tems are grouped by principal land cover to
ease comparison of the gains they could
embody; traditional systems are italicized
to highlight relative profitability of land
uses most widely observed.

Systems widely practiced are not the
most profitable, strictly speaking. They tend
to be the ones that have relatively low labor
requirements; they string out capital estab-
lishment costs over time and their returns to
labor hover near the prevailing market
wage. (Brazil nut extraction is principally
done by female laborers, so the market
wage does not accurately reflect their op-
portunity cost. Since adult equivalents of
labor are evaluated at market wage for the
purpose of calculating returns to land, how-
ever, systems with real returns to labor
under the market wage show a loss in terms
of returns to land, but they would show a
profit if only out-of-pocket costs were
considered.)

This simple comparison is in keeping
with local labor scarcity and limited credit
access. It highlights the impact that imper-
fect labor and capital markets have on pro-
ducer choices in the area. Relative labor
scarcity and land abundance suggest that
farmers will be particularly sensitive to re-
turns to labor in adoption decisions. The 7
to 1 advantage in returns to labor for tradi-
tional pasture over forest extraction under-
lies the predominant land-use pattern of
conversion of forest to pasture. Actual 20-
year annual/fallow systems, while not much
less profitable in terms of labor returns,
have considerably higher labor require-
ments; this system is sometimes practiced
on one plot at a time at the beginning of a
land use trajectory that eventually ends in
pasture or perennials.

All experimental systems yield consid-
erably higher returns to labor than their tra-

ditional counterparts. Improved fallow and
coffee-based systems, however, require
labor commensurate with or beyond all
family labor available to maintain 1 hectare
of the system. While labor can also be hired
in, farmers report that they are unable to do
this to the degree they wish (in keeping with
the low population densities of the area).
These systems can only be implemented at
scales of a few hectares at most without
major influxes of labor to the area (Vosti et
al. 2001b). Managed forestry, a system at-
tractive in terms of economic returns and
labor requirements, faces many market and
especially nonmarket institutional obstacles
to adoption. One obstacle is farmers’ and
technicians’ need for information about
which species are found there, which to ex-
tract, and with what methods and frequen-
cies to ensure that extraction is sustainable.
There are also considerable regulatory re-
quirements and enforcement, virtually im-
possible to comply with in practice, to cer-
tify that timber extraction is sustainable or
is coming from the portion of farms where
forest felling is allowed. In addition, the
system requires social cooperation at levels
unusual in the area: a group of farmers
must coordinate activities on contiguous
forest areas to ensure a sustainable rotation
over a 40-year cycle; and they must gener-
ate a volume of sawn planks large enough
to interest local timber product merchants.

The improved cattle production system
is likely to be among the most attractive to
smallholders in that its financial perform-
ance is much greater than that of the tradi-
tional cattle system, and the market and
nonmarket obstacles to adoption are fewest
and probably easiest to overcome.

These experimental systems are ana-
lyzed because local researchers see them as
promising candidates for sustainable inten-
sification—improving livelihoods without
serious damage to forests. The analysis of
the trajectory of land uses for 20 years high-
lights sustainability concerns on both envi-
ronmental and economic counts. In
addition, the qualitative analysis of the
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institutional environment reveals that each
of the potentially most profitable and least
environmentally damaging systems faces
one or more institutional or other obstacles
to adoption. The analysis, however, makes
unrealistic assumptions about uniformity in
availability and quality of inputs and man-
agement skills that would likely influence
actual environmental and economic results.
The adoption analysis, moreover, is done on
a plot specific basis, ignoring farmers’ allo-
cation decisions based on their liquidity and
labor constraints. The multivariate analysis
in Chapter 3 and the bioeconomic model in
Chapter 4 provide tools that allow analysis
to focus on all land use choices simultane-
ously within producer constraints, and they
relax the assumption of producer homo-
geneity without sacrificing two critical
components of the analysis: incorporation
of the importance of the dynamics of land
use and the institutional context in which
local farmers make decisions.

The next section describes the house-
hold sample and its characteristics, which
provide the basis for evaluating farmer con-
straints to adoption and the underpinning
for the multivariate and bioeconomic model
analyses presented in Chapters 3 and 4,
respectively.

The Household Sample and
its Characteristics

A survey of 156 smallholder households
within the colonization projects of Pedro
Peixoto, Acre, and Theobroma, Rondonia,
was designed and applied by researchers as-
sociated with the ASB Programme in late
August and early September 1994." The
survey detailed land use for the agricultural
year 1993/94 (hereafter in this chapter re-

ferred to as “1994”) and deforestation deci-
sions; delved more deeply into specific pro-
duction activities, commercialization of
output, and off-farm income sources; and
collected information on land use and
tenure history, as well as household demo-
graphics, education, and migration history
(Witcover et al. 1996; Witcover and Vosti
1996). A second, similar survey was admin-
istered during the agricultural year 1995/96
(hereafter referred to in this chapter as
“1996) on 228 farms, 142 of which were
visited in 1994. The production sections of
the survey provided information that could
be cross-checked against overall land use
allocation and deforestation decisions; Fu-
jisaka et al. (1996) found deforestation
information from 1994 in agreement with
satellite imagery about deforestation
patterns.

Sample Selection

Households were randomly selected from a
sampling frame that intentionally included
variation in factors thought exogenous to
farmers’ shorter-term land use decisions:
access to markets (proxied by quality of in-
frastructure, particularly in the rainy sea-
son), agricultural production potential of
the soil resource base (derived from local
soil maps plus expert knowledge), and time
since initial settlement of lots in the subdi-
vision of the project (Witcover et al. 1996;
Witcover and Vosti 1996). So as not to ex-
clude dynamics by which poor incoming
settlers graduated to become more affluent
medium-scale ones, farms larger than 100
hectares (up to approximately 200 hectares)
chosen in the random selection process re-
mained in the sample. Larger ranches were
excluded. The sample expansion in 1996

The survey team included representatives of Embrapa-Acre and Embrapa-Rondénia, as well as Centro Inter-
nacional de Agricultura Tropical (CIAT), the World Agroforestry Center (ICRAF), and IFPRI.
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used a similar random selection process,
this time purposefully including areas (at
the edge of forests within projects) as yet
not officially distributed by the land reform
agency, which is the Instituto Nacional de
Colonizag¢do e Reforma Agraria [National
Institute for Colonization and Agrarian Re-
form], known by its Portuguese acronym
INCRA. Sample attrition across the two
years (about 20 farms) was primarily due to
farms being sold “out of sample” to large
ranches (two-thirds of attrition); the inabil-
ity to find some farms and farmers who re-
fused to be included account for the rest.
Descriptive statistics in this section focus
on the 1996 sample (228 households), oc-
casionally drawing on the 1994/96 panel
sample to emphasize trends, especially vis-
a-vis land use.

Land Use and Deforestation

Average farm size was 81 hectares for the
1994 sample and 76 hectares for the 1996
sample (smaller because the latter included
farmers newly settled by INCRA on lots,
and because distributed lot size is shrinking
over time, as will be discussed in more de-
tail later). Figure 2.3 documents the con-
version from forest to pasture of lots in the
sample, based on recall data in the 1994 and
1996 surveys.® On average, holdings that
were 88 percent forested upon 1996 own-
ers’ arrival were only 61 percent forested in
1994 and 56 percent forested in 1996 (it is
possible for the proportion of land in forest
to rise if additional land is purchased). That
average includes 35 percent of the sample
that had less than 50 percent of their opera-
tional holding in forest and 10 percent with
less than 25 percent still in forest. Pasture,
on the other hand, grew from an average of
3 percent of the land upon arrival, to 21 per-

cent in 1994, to 27 percent in 1996. Be-
tween 1994 and 1996 alone, at the house-
hold level, forest area dropped by a mean of
7 percent of the operational holdings, while
pasture area rose by 10 percent, with a
slight expansion in area in perennial sys-
tems, perhaps indicating a response to the
changes in relative prices discussed above.
Land use patterns in 1996 for farms initially
settled at different times (or different “vin-
tages” or ages of farms in Figure 2.4) con-
firm a striking pattern, in line with expecta-
tions, if the land use trajectory already de-
scribed of a forest’s path to pasture were
played out over and over on one plot of land
after another.

While 60 percent of the sample reported
deforesting every second year, and an addi-
tional 25 percent reported deforesting every
third year, patterns revealed by data analy-
sis often deviated from reported frequen-
cies. Deforestation activity was less preva-
lent in 1996, when about a third of the sam-
ple cut down some forest and nearly a quar-
ter felled secondary forest fallow, compared
with 1994, when 60 percent of the sample
deforested and nearly 70 percent razed sec-
ondary forest. Thus, the spike in deforesta-
tion rates in the Amazon in 1994 and 1995,
documented in Lele et al. 2000 and Catta-
neo 2001b, also emerged in this household
sample. The mean area felled for all farm-
ers dropped from 2.5 hectares in 1994 to 1.5
hectares in 1996 for the forest, and from 3
hectares to 1 hectare in the same period for
secondary forest regrowth. Among those
who deforested, however, the mean area
felled held steady at between 4.3 and 4.7
hectares in both years for both forest and
fallow, although with substantial variation
across households (Table 2.2). Over the en-
tire period since their arrival, 1996 owners
deforested on average 3.1 hectares per year,

20Despite the ability to cross-check area reported in several sections of the survey, there is a possible difference
across farmers in identification of particular land uses, such as the line between pasture degraded (perhaps to the
point of little grazing) and secondary forest fallow regrowth.



RESEARCH SITE AND SAMPLE CHARACTERISTICS 29

Figure 2.3 Land uses upon arrival, in 1993/94, and in 1995/96
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Table 2.2 Mean area felled in 1994 and 1996, primary and secondary forest

Standard
Mean deviation Minimum Maximum

Area felled (hectares) (hectares) (hectares) (hectares) N
1994

Forest 4.4 33 .50 20.6 80

Fallow 4.7 4.2 .50 29.0 75
1996

Forest 4.3 3.0 75 16.0 78

Fallow 44 6.9 25 45.7 55

Sources: IFPRI/Embrapa/ASB field data.

but lots were deforested at an average rate
of 2.5 hectares per year since their initial
settlement. Lots opened more recently, but
not with more recent owner turnover, had
significantly higher average annual defor-
estation rates.

Older vintage farms with high propor-
tions of forest remaining present examples
seemingly counter to the playing out of the
stylized land use trajectory over time and
thus deserve special scrutiny. Of farms
opened to settlement prior to 1985, 15 per-
cent had less than a quarter of their land still
in forest, 24 percent had between a quarter
and a half, 40 percent had from a half to
three-quarters, and 22 percent had more
than three-quarters. These categories of
farms were analyzed for significant differ-
ences in their allocation of land to uses
other than forest. The least forested older
vintage farms had proportionally more fal-
low land than the most forested farms, a
finding that jibes with the idea that nutrients
made available by cutting and burning sec-
ondary forest fallow biomass can partially
substitute for those garnered from forest
once the forest stock has been depleted.
Farms with proportionately more pasture
also tended to have more land in pure
perennial stands and less land intercropped
in annuals and perennials. For these farms,

the pasture-to-perennial land ratio stood at
between 3 and 4 to 1: for every plot of land
deforested that traveled along the trajectory
toward perennials, three or four of the same
size went toward pasture. Analysis of the
1996 sample as a whole revealed pasture-
to-perennial land ratios of 4 or 5 to 1.

For the older vintage farms with the
most forest, however, this pasture-to-peren-
nial land ratio was closer to 1 to 1, and sig-
nificantly higher proportions of land were
allocated to perennials intercropped with
annuals than in the two groups with the
most pasture. This high-forest, older vin-
tage group was more likely to be found in
the North of Brazil, and although it might
seem like a success story in environmental
terms, there was an income trade-off: this
group had fewer consumer goods, less se-
cure tenure, and was located on poorer soils
than the two groups with the most pasture
(and least forest).

Indeed, cross-sectional field data show
that project farmers, on average, generate
output of higher value from cleared than
from forest area in a given year, a relative
profitability story echoing findings seen for
the land use trajectories above. Using field
data on land uses adopted by an average
farm household and secondary prices for
1994 as a basis, the value of total output
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(VTO) for the 1993/94 season is estimated
to have averaged R$3,448,%" which is a rea-
sonable proxy for net returns given the low
level of cost outlays in production. About
46 percent of this was derived from cattle-
based activities (milk plus the value of
growth in animals younger than five years),
45 percent from annual cropping, and less
than 10 percent on average from extractive
activities. Analysis for 1996 output yielded
similar results. For the average family size
in the sample (five members), R$690 per
capita ranks above the World Bank esti-
mated poverty line for 1995 as well as the
Brazilian minimum wage. This indicates
that, for the most part, roughly 15 to 25
years after the establishment of a project,
farmers have little incentive to depart from
farming to enter the off-farm labor force
(Faminow et al. 1999).

Land Quality and Production
Activities

The farm surveys provide evidence of pro-
duction patterns for the area and details
about prevalent cropping patterns, manage-
ment techniques, and, for livestock systems,
herd demographics that are used in the
bioeconomic model (see Chapter 4). These
are described in this section, after a brief
summary of the heterogeneity of agricul-
tural potential in the sample, taken from
survey information plus secondary data
drawn from soil maps of the area.

Eighty-three percent of farms have ac-
cess to water on their lots year-round, less
important for crop production in this area of
rainfed agriculture than for cattle, since an-
imals must be sustained during the dry sea-
son. Soil quality is patchy in the projects;
soil and topographical analyses of the proj-
ects identify areas with one or more of the
following impediments to agriculture: low
soil fertility, waterlogging, rocky soils, or
steep topography.

Researchers, in conjunction with soil
scientists, created four soil categories (and
subcategories within them) based on com-
binations of these impediments and associ-
ated with sample lots.”> The scale of the
Pedro Peixoto soil map is fine enough to
discern soil types present on specific lots,
but the resolution of the analyses them-
selves means boundaries for soil types
might not be exactly depicted on the map,
and patches of other types of soils may be
found within areas characterized as homo-
geneous. For Theobroma, soil areas are
mapped out at a coarser scale, and rough
proportions of types of soil within that area
described. Results of soil analyses per-
formed to ground-truth the maps and pro-
vide input for the bioeconomic model ap-
pear in Chapter 4. For 35 percent of farms,
more than one type of land quality is identi-
fied using boundaries as drawn on the
Pedro Peixoto and Theobroma maps, but
only the class that predominated on the
farm according to the Pedro Peixoto map or

2Al currency in this section is expressed in December 1996 reals. Note that the estimate assumes that the same
local prices (derived from the price series for markets near the Acre study area, on average somewhat higher than
prices in markets around Theobroma, Ronddnia) were faced by all sample farmers, so differences in VTO across

farms result solely from differences in production.

ZRather than use classifications of soil type and other characteristics to establish a hierarchy per se of soil qual-
ity, the ranking used here classifies land, based on the primary constraints to agricultural production among its
characteristics, constraints that vary depending upon the intended land use and might be overcome through man-
agement or technology. Information for this classification came from analyses done in the 1970s and 1980s. For
Pedro Peixoto, this consisted of results of a spatially detailed soil analysis done in 1978 and a map demonstrat-
ing soil aptitude generated from this. For Theobroma, soils data came from an analysis by Embrapa in the mid-

1980s, with much lower spatial resolution.
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predominated in the area in which the farm
fell, according to the Theobroma map, is
used for the purposes of this report. The
sample percentage associated with each soil
type appears in parentheses after its
description.

Land quality 1. These are soils character-
ized by at most a single and not severe lim-
itation. Class la identifies the best soils in
terms of fertility with no physical limita-
tions identified (5 percent). Class 1b has a
primary but not severe constraint of soil fer-
tility (22 percent). Class 1c has no signifi-
cant fertility constraint but is constrained by
(nonsevere) slope (3 percent).

Land quality 2. These soils pose at least
two limitations for agriculture. Class 2a is
characterized by rockiness and fertility
problems (14 percent). Class 2b has, in ad-
dition to these two problems, a limitation
due to slope (27 percent).

Land quality 3. These soils exhibit poor
drainage and therefore suffer from water-
logging during the rainy season (4 percent).

Land quality 4. This category is used to
identify land with a severe slope, some-
times in combination with rockiness and
limited soil fertility (24 percent).

Of farms surveyed in 1996, the most
prevalent land uses were forest (98 percent
of farms still had land in forest) and pasture
(92 percent had land in pasture averaging
24 hectares). Slightly fewer (81 percent)
had land in annuals (averaging 4.4
hectares), with 75 percent of the sample

producing corn, 67 percent rice, 61 percent
manioc, and 55 percent beans. Fewer (67
percent) had land in perennials (averaging
4.7 hectares, including about 14 percent of
the sample who had agroforestry systems),
with coffee grown by about half the sample
and bananas planted by a third. Nearly two-
thirds of sample farms (64 percent) had
land in secondary forest fallow (averaging 6
hectares), and 38 percent had land inter-
cropped in both annuals and perennials (on
an average of 3.1 hectares).

Table 2.3 shows average yields and dis-
tribution for the primary annual crops and
the primary perennial—coffee—based on
the 1994 sample, in line with the state fig-
ures reported above (the yield for manioc
was not possible to calculate because the in-
termittent harvesting made it difficult for
the interviewees to recall). Average yields
calculated did not vary much between 1994
and 1996; 1994 figures are reported here
because the survey instrument in 1996 did
not capture output figures as cleanly.” The
upper 20 percent of producers (80th per-
centile column in Table 2.3) managed to ob-
tain yields close to those of research sta-
tions, but field data confirmed low use of
external inputs for annual crops. Only one
or two producers for each crop applied fer-
tilizer of any kind; close to 15 percent of
producers applied insecticide on rice and
beans (5 percent for corn), and the same
percentage of producers applied herbicide
on beans (5 percent for rice and corn). Only
a handful of producers used nonfamily
labor in annual production. For coffee, 14
percent of producers reported using some
kind of fertilizer (chemical or organic), 8
percent used insecticides, 14 percent used

BThe flaw in design, which stemmed from an attempt to distinguish between output, off-take, and storage in-
ventory differences, occurred in the field but did not emerge as a factor in field tests and in-field data analyses.
In most cases, information in the surveys does allow for this distinction to be made, but that information is not
cleanly coded and requires a case-by-case examination of the hard document, deemed unnecessary for the pur-

poses here.
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Table 2.3 Crop yields, 1994

Standard .
Mean yield Median yield deviation Percentile
Crop (kg/hectare) (kg/hectare) (kg/hectare) 20 80 N
Rice 1,194 1,200 619 604 1,736 115
Comn 1,110 960 862 372 1,983 99
Beans 366 248 366 96 600 99
Coffee 501 283 533 29 992 29

Sources: IFPRI/Embrapa/ASB field data.

herbicides, and 4 percent reported bringing
in labor from off farm. Many coffee farm-
ers (44 percent) had only trees in the estab-
lishment phase. Of banana farmers, only
one reported using any external inputs, and
64 percent were past the establishment
phase.

The yields also reflect a high incidence
of intercropping. Figures for the 1996 sam-
ple are reported here, since the 1996 survey
was more detailed, picking up spatial distri-
butions of land use (interviews and aggre-
gate data for annuals suggested that annual
intercropping patterns did not change in the
two-year period spanned by the survey). In
1996, 21 percent of the farmers cropped
rice alone and 18 percent cropped corn
alone. An additional 11 percent of farmers
of each used a relay cropping system in
which one or the other crop was succeeded
by a bean crop toward the end of the rainy
season. More prevalent was the case where
rice and corn were intercropped with each
other (and sometimes with a perennial as
well), and followed by a bean crop. Manioc
was planted alone by 52 percent of the
farmers who produced it (usually in the
second or third year after the burn of pri-
mary forest, or first or second year after the
secondary forest burn).

About a third of farmers of rice, bean,
and corn sold some of their output, com-

pared with only 6 percent of manioc pro-
ducers. For those who grew coffee trees, 65
percent reported sales of their output (an ad-
ditional 9.5 percent were storing their cof-
fee, most reporting that they expected to
sell it eventually, and 8 percent reported that
the coffee was for home consumption only).
Of banana farmers with trees bearing fruit,
27 percent sold some of their produce.
Close to 20 percent of the 1996 sample
reported owning no cattle, although some
without cattle did have pasture. In fact,
about 25 percent of farms owned cattle that
stayed on someone else’s property and 25
percent had someone else’s cattle on their
property. This was one type of sharing
arrangement found in the area: neighbors
lend the use of land in exchange for the
product from that land, or for the use of
other land (for example, they trade the use
of annual land for pasture land), or for labor
days. Sometimes these arrangements span
agricultural years. The survey found evi-
dence of land sharing in 21 percent of sam-
ple households. Of those with cattle, herd
size averaged 23 animal units, or 32 head.
On average, cows accounted for 40 percent
of the herd, calves about 28 percent, and
steers or heifers under three years an addi-
tional 24 percent. The stocking rate aver-
aged 1.1 animal units per hectare of pasture,
ranging from 0.5 to 2.7 animal units per
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hectare.? Close to 40 percent sold cattle and
30 percent purchased cattle. Counting cat-
tle sales and purchases as well as births and
deaths, there was a net herd increase of
1,317 head among the 81 percent of the
sample owning cattle, an average increase
of 7 head. Yet, of these farmers, 13 percent
had shrinking herd size (usually just 1 or 2
fewer head), while 11 percent maintained
their herd size over the year. The vast
majority of cattle producers—three-
quarters—increased their herd during the
year, by an average of 10.5 head, but the
distribution was skewed by the presence of
medium-scale farmers in the sample. Fully
one-third of those increasing their herds did
so by 3 head or fewer, the median response
was 7 head, and the top one-fifth increased
their herds by 17 head. About 82 percent of
1996 cattle farmers had cows producing
milk; almost a third of milk producers sold
their output, but these were disproportion-
ately in Theobroma. Difficulties in market-
ing milk were reported in Acre primarily
because the road infrastructure was poor (J.
Valentim, personal communication, 2000).
Those who did sell milk faced a quota
(price drop-off) that reflected this bottle-
neck (an issue taken up again in Chapter 4
on the bioeconomic model).” The number
of cows giving milk stayed roughly the
same from rainy to dry seasons—with a
mean of about 6 cows per farm, but daily
production dropped from a mean of about 4
liters in the rainy season to 3 liters in the dry
among dairy farmers.

Technology for cattle production sys-
tems varied considerably as well (Vosti et
al. 2001a). In the 1996 sample, 84 percent

burned their pasture annually to clear it of
weeds. Nearly 60 percent reported planting
what they termed brachiarinha or brizan-
tao—the grass variety Brachiaria brizantha
cv. Marandu (although this is likely an un-
derestimate, since an additional 24 percent
reported having “mixed” pastures, at least
some of which, and perhaps all, include this
variety). This variety, which first became
commercially available in 1983, was
widely adopted because of its ability to es-
tablish itself quickly and produce a substan-
tial amount of forage (J. Valentim, personal
communication). Since the survey, starting
in 1998, reports of the death of this pasture
in both Acre and Rondo6nia have expanded,
causing total degradation of pasture for
some. This loss is hypothesized to stem
from a combination of overgrazing and
poorly drained soils, resulting in a build-up
of previously benign pests to pathogenic
levels in the soils (J. Valentim, personal
communication; Valentim et al. 2000).
Only 4 percent of farmers planted
Brachiaria humidicola, which is currently
not experiencing a problem, and an addi-
tional 4 percent planted pueraria (tropical
kudzu), mixed with other grasses. The
kudzu fixes nitrogen, provides forage
for cattle, and suppresses weeds for
farmers who are reformulating pastures suf-
fering from pests (J. Valentim, personal
communication).

All but 17 percent of cattle farmers had
at least some fencing on their pasture land
(most had built the fence since their ar-
rival), and 45 percent had a small dam or
reservoir to trap water for the herd. Only
4.5 percent of the cattle farmers grew

2*This is calculated only for households with cattle but with no sharing arrangement (as the herd composition of

cattle on other lots was not surveyed).

BProcessing capacity was gearing up in the state at the time of the survey, however, and this was publicized
among smallholders, so widespread milk production in Acre may have been linked to anticipation of expanded
opportunities. By 1999, however, the excess processing capacity persisted (J. Valentim, personal communica-

tion, 2000).
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forage to feed to cattle in the dry season.
Forty-six percent separated newborn calves
and their mothers from the rest of the herd.
About 75 percent of cattle farmers used
mineral salts. Vaccination prevalence rates
ranged from 25 to 75 percent of cattle farm-
ers, depending on the disease. A second
survey of a subset of farms revealed that
vaccination patterns did not usually follow
prescribed practices.”® One important find-
ing of this more detailed (but smaller) sur-
vey was that herd quality was amazingly
high regardless of area and level of man-
agement (although it was felt that herd size
might be at some threshold where lack of
appropriate management might start to
have more serious consequences for
productivity).

In 1996, 67 percent of farmers reported
extracting some product from the forest. Of
these, 62 percent extracted Brazil nuts, just
over 50 percent extracted some wood, 38
percent hunted, and 14 percent fished. Half
of those extracting Brazil nuts reported
sales (this includes those reporting that they
planned to sell but had not yet collected);
the others stated extraction was for home
consumption (amounts unknown). A quar-
ter of those extracting wood sold some off-
farm (the main on-farm use reported was
for fencing).

About 40 percent of 1996 households
hired out some labor during the agricultural
year, primarily for deforestation activities
but also for pasture maintenance. Roughly
50 percent hired in labor the last time they
deforested (and just under 20 percent traded
labor days); 23 percent hired in the last time
they cut secondary forest (9 percent traded
days).

26

Lot and Ownership History

The majority of farms in the sample, 69 per-
cent, were opened for agricultural use for
the first time between 1980 and 1982
(nearly 35 percent in 1980 and about half
that many in each of the two subsequent
years). By 1996, farmers had practiced
agriculture on these lots for 14 to 16 years.
About 8 percent of the sample lots have
supported agriculture even longer, having
been opened by settlers before this major
wave began (sometimes by squatters whose
arrival preceded the official INCRA open-
ing and sometimes by rubber tappers who
had lived previously in the area as extrac-
tivists on a rubber plantation). The sample
reflects a small but steady flow of new lot
openings each year after the wave of open-
ings in the early 1980s until the survey year.
Some areas of public forest reserves within
the project still exist, into which invaders
encroach to open up new lots. The vast ma-
jority of the land, however, is allocated by
INCRA to smallholder families, who retain
use rights to the land (including the forest,
with some proscriptions on deforestation
and forest extraction, as already described).
They initially obtain a document recogniz-
ing their presence, which over the course of
approximately five years evolves into a
right to a definitive title to the land.”” Only
after holding the definitive title for several
additional years do lots leave the public
INCRA system, at which time smallholders
are technically allowed to sell their lots. In
reality, however, sales and exchanges of
lots take place at all points in the process,
with farm tenure evolving as a mix of pub-
lic and private legal systems, with formal

About 40 randomly selected cattle farmers in these projects (plus 5 from an even older project in Rondonia,

Ouro Preto do Oeste) were interviewed in more detail about cattle inventory and management practices by a local
veterinarian and pasture expert, who also made independent assessments of herds and pastures.

*"Those who encroach upon forest reserve land do so illegally, yet it is common practice for INCRA to incorpo-
rate these lots into its system every few years, with squatters earning a document that can evolve into a defini-
tive title. There are some bureaucratic costs to the gaining of a new title, and backlogs at INCRA mean that an

actual registered title may lag behind the document.
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systems rarely keeping up with common
practice.

Lots distributed to migrants got progres-
sively smaller as time passed, ranging from
100 hectares near the initial opening of the
settlement project, to sometimes less than
25 hectares at the time of the final survey
round. Despite the legal prohibition against
land transactions for a period of roughly 10
years after initial settlement (part of the pol-
icy intended to “fix” migrants to the land),
land transfers occurred, and the size of an
operational holding sometimes shifted with
them. By 1996, 80 percent of farmers still
owned one lot, 15 percent had two lots, and
the remaining 5 percent had more than two.
A strict lot tally can overlook transfers of
portions of lots allocated by the land reform
agency. In the two years covered by the sur-
vey, 13 percent of panel farms were in-
volved in transfer of some land area,
roughly split between buyers (averaging 68
hectares) and sellers (averaging 56
hectares). Six farms were sold out of the
sample entirely, to larger ranching enter-
prises. Over the longer term (since farmers’
arrival on the lot), however, 11 percent of
1996 farmers had bought land (on average
69 hectares), compared with 2 percent of
farmers selling land (a mean of 19
hectares).

The sample also showed substantial ev-
idence of owner turnover. Just under a third
of sample farms still had their original own-
ers at the time of the 1996 survey. Of the
1996 sample, 22 percent of owners had ar-
rived within the last three years. This was
not solely because the sample was ex-
panded in 1996 to include invaded areas:
the 140 lots surveyed in both years also tell
a story of ownership change—11 percent
had new owners. In 4 percent of the cases,
ownership changed within the same family
(approximately 9 percent of households re-

ported joint management among multiple
heads of household, usually from the same
extended family). Farms that changed own-
ership did so only rarely via inheritance (2
percent of the sample). Ownership changed
primarily via purchase, trade, or some com-
bination of the two, with 20 percent of
farmers having registered the transfer with
anotary. This created a paper trail that was
sometimes the only thread tracing the path
from old owner to new, with the INCRA
title remaining in the name of the original
owner. Despite some anecdotal accounts of
insecure tenure leading to the ousting of an
owner, this was described as rare among
smallholders and did not occur within the
sample—nor did outright conflicts with
large landowners, who feared appropriation
of their lands under a revised land reform
law. (Alston, Libecap, and Schneider 1995
say that the evolution of the law and incen-
tives policy may have promoted social con-
flict inadvertently.) Still, interviewees at the
delicate stage prior to initial INCRA recog-
nition of their settlement in forest re-
serves—the situation for less than 5 percent
of sample lots—did evince some qualitative
signs of insecurity, notably in their wariness
about the purpose of the survey.

Tenure may have played a more impor-
tant role in guaranteeing access to formal
credit than security of land rights per se.
Only landholders with some form of docu-
mentation (private or public) recognizing
their presence on the land could become el-
igible for government-sponsored rural
credit plans (although, more recently, in
some projects in Acre this restriction has
been lifted) (J. Valentim, personal commu-
nication).®® That said, more secure tenure
(the case for 58 percent of the sample) can
open doors to more varied lines of formal
credit from different sources than would a
simple  proof-of-presence = document

28Agricultural extension agents also play an important role in identifying claims to land. A letter from an exten-
sion agent, for example, attesting to stewardship of land (improvements), can sometimes be sufficient proof of

ownership to secure formal credit.
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(possessed by 23 percent of sample house-
holds). Beyond credit access, tenure may
confer additional value to the land asset
(Samuel Oliveira, personal communication
1997).

Absentee landlordism (whereby the
farm is managed by a hired caretaker who
lives on and works the farm for the owner,
receiving a fixed portion of the resulting
production or revenue from its sale in com-
pensation) is sometimes anecdotally cited
as an indicator of land speculation in proj-
ect areas. Although present in the projects,
it was by no means prevalent, accounting
for only 6 percent of farms sampled (with
evidence that three owners from the panel
had become absentee landlords in the two
years separating the surveys).”

Household Characteristics

This subsection briefly describes household
characteristics in 1996, at the time of the
survey. The average age of the head of
household was 46 years, with roughly 25
percent of household heads over 55. Forty-
seven percent of household heads had the
ability to read and write on at least a rudi-
mentary level, although this measure may
fall short of a reliable yardstick to measure
ability to easily integrate information on
markets or technologies. In each year sur-
veyed, households averaged five to six
members. For farms visited in both years,
about 600 individuals were present both
times, while approximately the same num-
ber of people, 100, entered the sample via
in-migration and birth as left it. Dependents
comprised nearly 45 percent of the house-
hold, on average, but the ratio of children to
working age adults approached 1 to 1
(0.86). Of those of working age, on aver-
age, 59 percent were males.

Of a list of 11 household durable goods
likely to be found in the projects, 1996 sam-
ple households had, on average, 4-5 of
them, but nearly 25 percent had 2 or fewer.
The most prevalent items were a radio (67
percent), a bicycle (63 percent), and a
chainsaw (57 percent). There were some
signs of relative affluence in the sample: 23
percent reported having an urban property,
15 percent reported having a television, and
11 percent reported having a car.

When asked about savings mechanisms,
only 3 percent of the sample reported hav-
ing bank accounts, while many mentioned
cattle as their source of liquidity. Roughly
21 percent said that they turned to informal
credit in times of need (from neighbors,
family, or marketing middlemen). About
24 percent of the sample was paying off for-
mal credit loans at the time of the survey.
Nearly 37 percent of the sample received
some kind of pension on a regular basis,
and an additional 5 percent received remit-
tances from family members.

Migration History

Schneider (1992) and Ozorio de Almeida
and Campari (1995) note the importance of
migration history to agricultural practices in
newly settled areas. Agricultural extension-
ists stressed the importance of commonality
of origin for social interaction, including
producers associations, early in the life of a
settlement project. The majority of mi-
grants in the 1996 sample came from the
more developed southern region of Brazil, a
total of 57 percent from the South and
Southeast combined. Some had been dis-
placed by agricultural modernization and
hydroelectric projects there (Ozorio de
Almeida and Campari 1995). Nearly a third
of the settlers, however, grew up in the

The terms of the arrangement vary considerably. Notably, the level of owner involvement varies, and with it,
the role of primary land use decisionmaker—a matter of interest to the study and the subject of the survey—can

shift to the caretaker.
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north of Brazil—the Amazon. Virtually all
settlers were familiar with rural life before
they came to the project, and just over half
(51 percent) reported familiarity with urban
life as well. Lefia (1991) points to the po-
tential importance of settlers who perpetu-
ally migrate from one frontier area to the
next, moving on as development occurs. In
this sample, more than 40 percent of the
sample passed through two or more states
from their state of origin before arriving in
the colonization project. Before coming to
the project, only 64 percent of 1996
landowners lived on a farm to which they
had some sort of tenure claim. Of the oth-
ers, the biggest group—12 percent of the
sample—lived with a relative already in the
project. Some migrants, about 15 percent
of the sample, had moved from one lot to
another within the project before obtaining
one of their own (one settler had moved
four times in the project).

In the sample, the first migrant arrived
in 1953—before there was a project—and
the last migrants, 15 of them, arrived in
1996, the year of the survey. The bulk of lot
openings occurred between 1980 and 1982;
after that, the number of 1996 owners who
arrived in any given year remained remark-
ably steady, marking a second generation of
settlers for most farms. There is evidence
that second-generation settlers were better
off than their predecessors when they first
arrived: they had sufficient financial re-
sources to support the family on average for
just over five months, significantly longer
than the three-and-a half months of the first-
generation migrants.*® Only 3 percent of
households reported having a separate
steady source of income—from pensions
and remittances—that supported them upon
their arrival. Households newly arrived to
the lot had, on average, three adults and

about two children (there was no significant
difference between ‘“generations” of
settlers).

Off-Farm Characteristics

The furthest reaches of the projects lie
about 125 kilometers from markets, with
some areas virtually inaccessible when
roads and bridges wash out during the rainy
season. Market access, however, also de-
pends on the mode of transport available to
the farmer and road quality, as well as the
way the market in question works (middle-
men may, for example, come to the farmer).
Farmers in the projects spent about three
hours to get to the nearest market town in
the dry season (80 percent of the sample).
In the wet season, the time to get to market
doubled, on average, but again the variation
among farms was substantial (with 5 per-
cent of the sample experiencing five-fold
increases)—indicating differences in the
susceptibility of project road systems to
seasonal damage from rains.

Seventeen percent of households re-
ported that they lived on roads where no ve-
hicles passed in the dry season. This figure
jumped to approximately 40 percent in the
rainy season. When vehicles did pass, they
were usually of only one type, often a bus
or a four-wheel drive vehicle. Nearly 10
percent of the sample, however, had three
or four types of vehicles passing (often in-
cluding a milk truck). Roughly half the
sample reported that some vehicle passed
on their road at least once a day in the dry
season, but only 35 percent of the sample
saw one vehicle a day or more in the rainy
season.

At the neighborhood level, identified by
the road, or /inha, along which a lot fell,
local associations and churches regularly

3%For a similar finding in Ouro Preto do Qeste in the state of Rondonia, see Lefia 1991.
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organize projects related to production,
marketing, or education and members par-
ticipate in them. Work parties were often
built up around church and denominational
groups (Sydenstricker 1998). Nearly all
farms (90 percent) were located on roads
where at least one farmers’ association ex-
isted. Every road had a Catholic church; 75
percent of farms had easy access to an evan-
gelical church. Just under a third of sample
farms had access along their road to a local
labor union. Population density varied dra-
matically from one /inha to another, rang-
ing from 3 to 60 people per square kilome-
ter, with a mean of 9 across sample house-
holds. Higher population densities were
significantly and negatively correlated with
the proportion of sample farm area left in
forest (Pearson correlation —3.44, N = 50
linhas).

Principal Findings

On farms in the sample, the area in pasture
is going up, while the area in forest is going
down; swidden long-cycle fallow is not
practiced. Perennial cropping appears to be
a land use with the potential to slow defor-
estation, but more area in perennial crops
may not guarantee more area in forest.
Rather, there appears to be a finely balanced
investment in terms of land in perennials
and pasture. Evidence here suggests that, in
the years leading up to 1996 at least, peren-
nial cropping as a land use did not lead to a
better or even equal standard-of-living than
did the more prevalent pasture-dominant
route: indeed the standard-of-living was
significantly lower.

The general trend in land use—
conversion from forest to pasture—held de-
spite the fact that substantial variation in

production technologies was evident, par-
ticularly in the case of pasture. The survey
showed some evidence of more intensive
use of land via intercropping and pasture
management, but purchased inputs re-
mained the exception.

Deforestation rates varied and seem to
have accelerated as more time has passed
since the lots were initially opened, with
more than a few farms crossing over the 50
percent-of-farm-in-forest barrier decreed by
law. This finding is in keeping with the idea
that pressures to deforest are greater in an
environment with higher populations and
more markets than in one where farmers
must rely on the lot alone (and household
labor alone) for subsistence. Indications
are, however, that the size of land cleared
(of secondary or selectively logged forest)
stayed relatively constant, and it was the
timing of the clearing that varied, providing
a potential entry point for policies seeking
to put the brakes on deforestation.

Some in the sample, moreover, were
doing quite well—buying new lots and con-
sumer durables, reaching near research-
station yields, and commercializing their
output—while others have fewer signs of
wealth, lower yields, and more limited ac-
cess to and participation in labor and output
markets. This suggests an important bi-
modality in the sample in terms of those
who are succeeding in capitalizing at the
forest margins, and those who are not.

This descriptive analysis highlights
trends regarding land use and raises both
temporal issues regarding land use trajecto-
ries and spatial ones regarding who makes
decisions for what land at what time. These
issues are explored via multivariate analysis
in Chapter 3 and the bioeconomic model in
Chapter 4.



CHAPTER 3

Multivariate Analysis

his chapter sets out a general theoretical model of the determinants of land use based

on profit maximization under the biophysical and economic constraints prevalent in the

study site. The biophysical constraints are embodied in the land use trajectory and land
use qualities described in the previous chapter, given virtually nonexistent use of fertilizer
within the sample. The economic constraints are measured in terms of farmer characteristics
and endowments regarding primary inputs of land, labor—manpower and human capital—
and asset capital, given imperfect markets in these.*’ These constraints bind at different lev-
els for different households, determined by the degree of access to existing markets and pos-
sibilities for trading among neighbors via existing social networks facilitated by rural institu-
tions. Land use choice is dynamic in nature, given that stocks of both land quality and factors
carry across from one period to another and that decisions are made with expected profits from
a future stream of benefits from land uses in mind.

The chapter first lays out a general theoretical model, briefly setting the model in the con-
text of existing literature on deforestation, and derives an equation to be estimated given avail-
able data. It then outlines hypotheses regarding the effects of market access and constraints
on land use choice, presents a subset of the results of these tests obtained from multiple re-
gression analysis, and discusses implications of those results, including limitations of the
model, for policy and future research. A complete set of descriptive statistics for all variables
used in this analysis and a full set of regression results are presented in Appendix A, Tables
A.1 and A.2, respectively.

The Model

A General Model for Production

In broad terms, the same general model of household production underlies analysis in this
chapter and in Chapter 4 (on the farm-level bioeconomic model, the structure of which is

3The biophysical constraints could easily be incorporated into the economic ones under land quality, much as
manpower and human capital describe labor quality. They are separated here and in results to isolate their effect
on land use patterns over and above the most often used proxy for land endowment in studies at the household
level—farm size. Studies at the regional level increasingly incorporate more sophisticated measures of soil qual-
ity, topography, and other landscape features (see, for example, Chomitz and Gray 1996; Chomitz and Thomas
2000; Nelson and Hellerstein 1997).
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described in the text and algebraically in
Appendix B). This analysis makes different
simplifying assumptions to explore differ-
ent aspects of land use decisionmaking via
a different tool, one that exploits the hetero-
geneity of endowments and degree of mar-
ket access in the sample to pinpoint their
importance for observed land use decisions.
The farmer’s profit (IT) maximization prob-
lem (subject to production technology and
resource constraints) for a given period is
defined as™

max P =(PeQ—-weR)
0

s.t.0=f(R)

R<R

where P is a vector of exogenous output
prices at farmgate, Q is a vector of products
potentially produced using farm resources,
w is a vector of exogenous input prices (or
endogenous shadow prices if input con-
straints bind), and R is a vector of inputs
used in production activities, R being con-
straints on those inputs (in the case of finite
endowments), and f{R) representing the
multiple input-multiple output production
function for 0. For the purposes of the
model here, QO includes agricultural and ex-
tractive activities, as well as labor sold off-
farm, and P as well as exogenous w are
each a function of factors, including price
signals formulated at national and regional
levels and household access to markets. Ei-
ther can be influenced by transportation
cost to markets and available social net-
works (to facilitate either links with markets
or to provide trading partners for a more lo-
cally formed price). In a one-period model,
land and its characteristics are fixed factors.

In the dynamic problem, the above ex-
pression is maximized over time from the
present moment stretching out forever (or a
salvage value equivalent to maximum fu-
ture profit streams can be included after
maximization over a finite period). This
modification adds considerable complexity.
Price vectors over the time horizon (that is,
a vector of time paths for prices) are in
terms of expectations; production functions
must (1) be defined more explicitly in terms
of timing of inputs and outputs; (2) include,
for land, costs of conversion from one land
use to another, and (3) themselves be sub-
ject to expected changes in the future, if the
farmer predicts agricultural improvements.
Price and production expectations incorpo-
rate, moreover, expected weather patterns
and policy contexts. Constraints on inputs
may shift each period, depending on the
time path of decisions up to that point (a
state equation for R); some inputs, such as
soil type, remain fixed throughout the time
horizon and have no explicit input price.*
Changes in land quality due to biophysical
processes combined with management can
be incorporated in the time-sensitive pro-
duction function, or within the time path for
the input vector R, with the latter preferred
under the idea that all farmers face identical
production functions, but with different re-
source constraints. Changes in human cap-
ital would then also fall within the time path
for the vector R (later referred to as “time
sensitivity” of that vector).

In this constrained production model,
farmers choose combinations of activities
that maximize profits. The profit maximiz-
ing time-sensitive vector of output Q**
implies an optimal set of inputs R* for each

32This derivation follows Greene 1999, Chapter 15, pp. 693-96. Letters representing vectors appear in bold

typeface.

33This could change if the model more realistically took into account spatial allocation of production activities—
the choice of matching activity to soil type; findings from this report could indicate whether that level of detail

would be warranted.

3*Because of the constraints on key input levels, the possibility of infinite profits from infinite output does not
arise, apart from the question of returns to scale of the production function.
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time period via the (known) production
function, including an optimal set of land
uses per period (/*). Derived demand for
R*, including /*, will be the solution to min-
imizing costs subject to the production and
other constraints, for the output level Q*. It
will thus depend on the vector of input
prices, and fixed and constrained factors,
and O* (itself a function of the full price
vector for inputs, outputs, and fixed and
constrained factors).

To identify factors influencing land al-
location, then, one could regress observed
land allocation on the full price vector and
fixed factors and constraints. Ideally, de-
rived demand for land would be part of a
system of equations for all R since inputs
are jointly determined. Ideally, estimation
of production would be part of a system that
incorporated consumption decisions, since
limits on available inputs due to imperfect
markets imply that households’ consump-
tion and production decisions are jointly de-
termined. Because of inadequate data to es-
timate a full system, the focus here falls on
production and land use (Walker, Moran,
and Anselin 2000 also focus only on pro-
duction, even though it depends explicitly
on family labor and wealth; Jones et al.
1995 do likewise in the face of evidence for
nonseparability similar to Pfaff 1997 and
Chomitz and Thomas 2000, for example).
This limitation adds a caveat to interpreta-
tion of regression results, but biasing results
by introducing poorly specified consump-
tion or derived demand to the estimation
would also not be satisfactory, with results
probably more difficult to interpret. Before
proceeding to the derivation of land alloca-
tion equations, how the theoretical context
fits in with the existing literature is briefly
examined.

Other Models for

Determinants of Land Use
(Deforestation)

Some deforestation regression analyses
lack a specific theoretical underpinning;
Andersen (1996), for example, notes the

lack of consensus on a theory of deforesta-
tion and estimates an empirical model at
county level that includes factors that some
point to as important for deforestation. The
model described at the beginning of this
section, although not yet at the level of em-
pirical estimation, resembles that proposed
by Pfaftf (1997) for the plot level (from
which he derives a county-level deforesta-
tion model and tests using data at that
level), but it differs in several important re-
spects. Pfaff’s model is for a single period,
with optimal land use determined by high-
est immediate returns to plots of land of
fixed size—maximum profits from use of
that land. It thus does not explicitly incor-
porate expectations (except future price ex-
pectations based on current ones) or an op-
timal path of land use over time. Based on
sample pooling from two points in time a
decade apart, it cannot test for the impor-
tance of path dependency in land uses (such
as the role of secondary forest fallow). Be-
cause of data constraints, it distinguishes
only between forest and cleared land, not
land allocated to particular land uses. Pfaff
points to the benefits of having data that (1)
allow plot level estimation, (2) incorporate
dynamic elements touching on determi-
nants of future returns such as property
rights and include past land uses as deter-
minants of present ones, and (3) distinguish
between multiple land uses. Perhaps most
important, however, Pfaff assumes that land
use decisions are determined by exogenous
market conditions at some level, with prices
conditioned by farm location vis-a-vis mar-
kets and other institutional and policy fac-
tors, plus fixed characteristics of the land.
Optimal land use by plot is thus determined
entirely by factors exogenous to any land
user—that is, not contingent on specific
characteristics of households such as wealth
and labor endowment. Indeed, land area an-
alyzed in his model is not necessarily in the
hands of any private owner.

This general assumption vis-a-vis mar-
kets is shared by Chomitz and Thomas
(2000), who abstract away from plot level
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to an area unit of observation made possible
by integrating agricultural census and satel-
lite and other spatially explicit data. They
include a land use category of “productive
but not utilized,” which allows more analy-
sis of strict economic viability than would
otherwise be the case. They assume ran-
dom variation in land quality within the unit
but have a good deal of detail about the av-
erage soil quality in that unit, its natural
land cover, average precipitation, and posi-
tion vis-a-vis economic centers (roads,
cities). In their model, the proportion of
land optimally converted to a specific use
(their focus is on the proportion of area in
agriculture broadly) within the unit reflects
average costs (negatively related) and ben-
efits (positively related). Yet the market it-
self is not in a stable equilibrium in the con-
text of a dynamic frontier: observed land
use proportions do not necessarily reflect
optimal land use, but they are headed in that
direction in a way that reflects not just po-
tential profits but prior land conversion in
the area and in some geographical band
around it.

Both Jones et al. (1995) and Walker,
Moran, and Anselin (2000) are closer to the
model presented here in that they estimate
equations at farm level and include house-
hold characteristics—such as wealth and
human capital or family labor or both—
alongside hired labor.”* Walker, Moran, and
Anselin (2000) estimate a “production

function” for pasture land, dependent on
labor—hired and family—capital, and life-
cycle variables, with endogeneity of wealth
and hired labor important topics, suggesting
nonseparability of production and con-
sumption decisions, although this is not ex-
plicitly discussed. Jones et al. (1995) at-
tempt a more comprehensive analysis, esti-
mating (1) multiple (Cobb-Douglas) pro-
duction functions; (2) determinants of rev-
enue; (3) equations for time on lot, location,
and degree of diversification in a system
that incorporates burning strategies; and (4)
annual forest clearance, stock of cleared
land, and income shares derived from crop-
ping and cattle activities. This last comes
closest to touching on all elements of the
proposed production model with limited
data, but the dynamics are more backward-
than forward-looking (that is, how past
practices affect current profit maximization,
as opposed to applying a forward-looking
view of profit maximization). They find ev-
idence for nonseparability of production
and consumption decisions at least in
staple crops (but do not attempt a joint
estimation).

The Model for Estimation

The model estimated here, like all of the
preceding, focuses on land use as a depend-
ent variable. Like Jones et al. (1995) and
Walker, Moran, and Anselin (2000), it fo-
cuses on privately held land. Its structure

3Neither estimates the consumption side of the model. In the spirit of Singh, Squire, and Strauss (1986), such a
system would involve a household utility maximization problem subject to a budget constraint resulting from
production decisions and value of household endowment, subject to relevant household resource constraints. It
would include elements of expectations similar to those proposed by Barrett (1999) in an exploration of the role
of food price stochasticity and slash-and-burn agriculture (essentially the first production cycle of the production
model discussed here, since it holds technology constant and incorporates farmers' expectations about product
prices in the postharvest period). It would also include dynamic elements similar to those proposed by Pagiola
and Holden (2001) (a two-period model incorporating a choice of extensifying and intensifying technologies).
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allows testing for whether land use deci-
sions hinge on the fact that heterogeneous
farmers are incompletely integrated into
markets (so farmer’s choice of optimal land
use is constrained by factor endowments).
It estimates household land use via data at
the level of the relevant decisionmaker.
Unlike the other models described, this
model distinguishes among several uses of
cleared land, in addition to differentiating
between forest and cleared land. Like the
Jones et al. (1995) model, it incorporates
measures of land quality and human capital
such as migration history and length of time
in the project (but has less detail on physi-
cal capital than is present there). Unlike the
other models, it examines the role of
changes in size of operational holding on
land use decisions. It shares with Pfaff
(1997) an aspect missing from the other
farm-level models, namely inclusion of
local institutions important for exogenous
prices or quality of resource endowments.
The theoretical model here shares with
most of the discussions behind these other
estimated models a need to explain ob-
served land uses in a particular period of
time within a dynamic process thought to
have both backward- and forward-looking
elements (backward looking because both
biophysical and economic resource con-
straints in that period are contingent on land
use history; forward looking because the
profit maximization decision is inherently
forward looking). It shares with Chomitz
and Thomas (2000) the idea that land con-
version itself has some (unobserved) adjust-
ment cost, so that observed land uses may

not be optimal, and it employs observations
on past land use to help home in on the ad-
justment process.* The role of expectations
here is, as in the models above, not explicit,
since data constraints do not allow for price
to directly enter the model (but rather fac-
tors that shift the farm-gate price from a re-
gional price all farmers potentially face).
Still, the expectation process is assumed to
be similar across farmers, with actual ex-
pectations varying in accordance with the
off-farm conditions that determine farm-
gate price, plus farm and household charac-
teristics affecting production (already in the
model).”’

Regressors. More specifically, because
farmers in each of the two fairly limited ge-
ographic areas that comprise the sample ob-
serve price signals emerging from the same
local and regional markets, input and output
prices do not directly enter the model. A
site dummy, discussed further on, picks up
differences in relative prices across proj-
ects, along with a host of other factors.
Farm-gate prices do vary across sample
households, and although not observed, are
shifted by factors that are observed. Like-
wise, resource constraints that make prices
endogenous to households vary across
households. Collectively, these two types
of price-shifter variables, derived from the
descriptive analysis presented above, are
separated into two categories of Z variables.
The first category replaces market prices
for products (P) and inputs (w), and the sec-
ond category fleshes out factors for which
the farm household might have endogenous

36 As discussed below, isolating speed of adjustment over a shorter period comes at the cost of diluting direct tests
in the model for importance of particular resource constraints in land use decisions.

3"The extent to which high discount rates for poor farmers and a highly uncertain environment actually shorten
the time period for which farmers realistically form expectations, in which case models that maximize profits pe-
riod-for-period more closely approximate a dynamic optimum, cannot be tested using this analytical tool, al-
though the bioeconomic model (Chapter 4) could provide some bounding arguments in the form of profit differ-
ences between period-by-period and whole time horizon maximization under high discount rates but under cer-

tainty.
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prices (resource constraints R) in the final
estimation equation.

The Z variables related to resource con-
straints at the time when land uses to be ex-
plained are observed (time f) include sev-
eral subcategories, namely land quality
(Z"); land status (Z°), including farm size
and existing land uses and investments;
human capital (Z7), including knowledge
and labor availability; household assets
(Zy—a proxy to capture relative differ-
ences in capital availability across farms;
and land tenure (Z™), for its role, described
in Chapter 2, in easing the capital constraint
via greater access to credit. The Z variables
related to exogenously determined farm-
gate prices (again at time 7) also comprise
several subcategories, including market ac-
cess or transportation costs (Z™), local com-
munity associations (Z°°"), and land tenure
again (Z™), this time because, as described
in Chapter 2, it may play a role in expecta-
tion of future prices.*

The full set of Z vectors is thus

Y ARE (ZN,ZS,ZH, ZA, ZTN,ZTR,ZCOM)

The equation estimated includes important
time subscripts on some Z variables,
namely those proxying for R. This includes
all household factor endowment (resource
constraint) variables that change over time
as a result of land use decisions, namely
farm-level land status (Z°), household
human capital (Z”), household assets (Z°),
and household land tenure (Z™). For these
Z variables, the time path from the farmer’s
initial arrival on the current operational
holding (or # — A, where A represents time
since the farmer initially arrived on that op-

erational holding) until time ¢ matters for
land use decisions taken at time 7. Informa-
tion about that time path cannot be captured
for the purposes of this estimation by R
variables at time ¢ because they are jointly
determined with the land use decisions.
Variables to track changes in the stock of
land (size of operational holding, a compo-
nent of Z°, namely Z3) available to the
household between arrival and time —due
to purchases or sales of land and recent
ownership changes—are also included.

The other Z variables (Z’%, Z“°™, and
Z™, affecting current and expected farm-
gate prices) are taken as exogenous to the
farm household decision and slow to
change, so they are measured at the time of
the survey for their status at time £ To
control for changes in meso-level circum-
stances since the lot was first settled that
could affect the time path of land use deci-
sions on the lot, the equation includes t, (the
year the lot was initially settled) and
t - A (the year the time t owner arrived on
the lot). To control for variables that vary
by project (including state and local policy
environment, population density, and local
market prices), a project-level dummy vari-
able (Z°) is included.

Finally, the equation includes additional
regressors in keeping with the idea that un-
observed processes beyond the already
mentioned Z factors associated with cost (in
time and resources) of land conversion
from one use to another may hinder com-
plete adjustment to (constrained) optimal
land uses (/*) in time #z. For this purpose, a
lagged set of dependent variables (a subset
of 7% is included on the right-hand side
of the final estimated equation. Their

38Land tenure (via the processes described in Chapter 2) arguably contains endogenous as well as exogenous el-
ements, but endogenous elements have largely to do with decisions taken by the farmer in conjunction with ar-
rival on the current lot. How the decision to settle in the project in the first place affects subsequent land use,
while important, lies outside the land use focus under study here.

39As noted earlier, aside from decisions taken upon arrival, land tenure is largely exogenous to other decisions
taken by the farmer, but at time # may affect expectations of future profits.
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presence controls for differences in various
conversion processes (for example, the irre-
versibility of the initial forest clearing deci-
sion or the difficulty in recuperating land in
pasture for other uses) without specifying
the conversion processes precisely. These
factors are posited to prevent farmers from
reaching optimal constrained land use in the
time period desired, making this a partial
adjustment model. An additional variable is
added to capture how changes in ownership
during the “adjustment period” might have
affected this trajectory (a component of
Z™). The presence of these variables as re-
gressors, however, changes the interpreta-
tion of effects of resource constraint vari-
ables (at the time of the arrival of the time #
owner) on land use allocation in time ¢,
since those same constraints also affect
lagged land use. Theoretically, then, there
should be some multicollinearity in this
subset of regressors. Significant results on
initial resource constraint variables in this
context pick up persistent effects of these
variables on current land use, even control-
ling for lagged land use. Insofar as past re-
source constraints proxy for current (en-
dogenous) ones, this does not present a se-
rious problem, but the time since original
arrival is sometimes long enough that,
while these variables contain information
about current resource constraints, their
exact interpretation may be clouded.
Dependent Variables, Error Structure,
and Estimation Technique. The form of
the dependent variable is the proportion of
the operational holding devoted to each
land use at time ¢, following the approach of
Pfaff (1997) and Chomitz and Thomas
(2000). In Pfaff (1997), the proportion vari-
able falls out of the aggregation process in
moving from the plot-level model to a
county-level estimation. Pfaff assumes het-
erogeneous plots within the county, with
plot-level unobserved characteristics affect-
ing the profit differential between clearing
and not, beyond what is known from
county-level observed characteristics alone.
Plot decisions, and the estimation proce-

dure, hinge on these error terms (assumed
to be logistically distributed) around ob-
served county-level characteristics. In
Chomitz and Thomas (2000), the propor-
tion variable also stems from assumptions
about heterogeneity within observable land
units—explicitly in land quality—in con-
junction with the idea that observed land
uses are moving toward rather than holding
at an equilibrium in the context of an ex-
panding frontier. They assume a truncated
normally distributed error structure. The
censored dependent variable might then
suggest a Tobit estimation, but they use an
iterated quantile regression method for con-
sistent estimation because census tract data
or spatial patterns potentially important in
their model could introduce inconstant vari-
ance (heteroscedasticity) to error terms.

In this report, a somewhat analogous
aggregation problem is faced: plot-level
characteristics at time ¢ associated with par-
ticular land uses are unobserved but sum-
marized at the level of the operational hold-
ing, and these affect the proportion of the
farm allocated to each land use. The pres-
ence of more than two alternatives—thus
more than one choice (since valuation com-
parisons of alternative land uses now in-
volve finding the highest valued alternative
through a series of pairwise compar-
isons)—complicates assumptions about
error structure beyond that in the two previ-
ous models.

To fully model the land allocation deci-
sions (assuming normally distributed—
unobserved—plot-level ~ characteristics
within the observed characteristics of the
operational holding) would require maxi-
mizing a likelihood function characterized
by a multivariate normal distribution (in 7 -
1 dimensions, where »n is the number of
choices, there are six possible land uses).
Each dimension of the multivariate normal
would be truncated in similar fashion to
prevent negative land allocations or land al-
locations of greater than the entire lot, with
a variance-covariance structure involving
nonzero covariances, since the error term
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for each allocation decision is correlated
with that of all the others because of the si-
multaneity of the decision. Because a si-
multaneous Tobit estimator capable of han-
dling the number of variables and choices
presented here has not been developed, sev-
eral simplifying assumptions are made for
the purposes of estimation. Each land use
allocation decision is taken as a yes—no de-
cision to allocate land to that choice (in ef-
fect lumping the valuation of land from
other possibilities into a single category).*
The assumption of truncated normal distri-
butions around each land use allocation per-
sists, but each choice is estimated in isola-
tion from the others. The equation-by-
equation estimation discards the informa-
tion contained in the correlated error struc-
ture—in essence the aspect that captures
how farmers make these decisions jointly.
Doing so sacrifices efficiency but not con-
sistency. In interpreting the results, how-
ever, this means that significant coefficients
on endogenous resource constraints exist
without the estimation explicitly accounting
for the on-farm competition for resources
that characterizes the decision choice, so
the effect of constraints likely to operate on
sample farms might be understated.*' Since
operational holdings for the most part are,
moreover, not spatially contiguous, the like-
lihood that spatial autocorrelation charac-
terizes the error structure is small (Walker,
Moran, and Anselin 2000 test for but do not
find spatial autocorrelation in noncontigu-
ous lots). The Tobit estimator is used in
each equation because, unlike in Chomitz

and Thomas (2000), there is no reason to
expect that this sample violates an assump-
tion of constant variance. The partial ad-
justment model that led to lagged depend-
ent variables being included as regressors
hinges on past land uses (not strictly opti-
mal under this model), known with cer-
tainty by farmers at the time land use deci-
sions are made in time £, SO no error is as-
sociated with it. The presence of lagged de-
pendent variables does not induce het-
eroscedasticity in this case since the error
term remains specific to time 7. Endogene-
ity among regressors was discussed in the
previous subsection, and it comes up again
in the regression results in the context of
specific variables. While problems with
pairwise correlation among right-hand side
variables were not serious, overall multi-
collinearity might be. Both endogeneity
and multicollinearity appear in the conclud-
ing section to this chapter on future work.

Reduced-Form Model and Data. The
final, reduced-form equation to be esti-
mated is

i i N S 1 AN
S: = f(sl—Z’ Z ?ZI—A?ZSA’ZI‘—A’ Z:\—A’Z—A’
TN TR —COM P
ZNZ 2N 1A 1, 7)),

where s', denotes proportion of land area in
time ¢ devoted to land use i. Several pro-
portional land use equations are estimated,
with a full set of explanatory variables in
each equation for # = 1996, using data from
farms surveyed in both 1994 and 1996 (96
households from a stratified random sample
of small-scale agricultural households

““The models above inherently do the same thing by modeling the choice as "to clear or not to clear," but in this
case, information is, in essence, thrown away in each equation by making this aggregation intentionally.

41Theoretically, there could be on-farm complementarities in resource use as well, but competition for resources,
especially labor and capital, is likely to dominate given the labor and credit scarcity in the area. One exception
is resources for corn production that benefit livestock through feeding; there are more once the multiyear frame-
work of the model is considered, but the presence of the lagged dependent variable capturing this mitigates this

effect in interpretation of the resource constraint variables.



48 CHAPTER 3

Table 3.1 Factors Influencing deforestation and land use, Tobit estimates

Dependent variables®

Annual
Themes and Independent Annual perennial Perennial
variable groups variables Forest Pasture crops Fallow intercrop crops
Knowledge base
Farmer Origin Central West 0.05 —0.08 0.03 0.00 —0.01 0.02
Northeast 0.05 —-0.01 —0.02 0.01 0.02 —0.04
Southeast —2.59E-03 0.03 2.62E-04 0.02 —0.06* —0.04
South 0.03 -0.05 0.03 —-0.01 —-0.05 -0.03
Migration History Urban Experience 0.06%** —0.05%** 0.02 —0.01 -0.01 —0.05%**
# of States Visited —-0.01 0.01 —2.02E-04 —-1.99E-03 0.06%** 0.00
Came Directly to Farm -0.02 0.02 0.03** —-0.01 —0.05%* -0.02
Time on a Ranch -0.03 0.04 0.01 0.00 —0.18%** -0.03
Within Project Moves 0.04* 1.33E-03  -1.99E-03 -0.01 2.80E-04 —.04%%*
Literacy Household Head Literacy —0.02 0.03* —0.04%** 0.02 0.01 0.04%*
Poverty
Incomes Resources Upon Arrival 0.01%* —2.81E-03 1.42E-03 -1.26E-03  -9.00E-04 —1.85E-03
Non-Ag. Income 0.01 —-0.02 —-0.03 0.03 0.14%** 0.02
Labor Availability Household Size 1.91E-03  —0.01%** 1.78E-03 1.44E-03 0.00 0.01%**
Proportion of Adults 0.09%* —0.13%** -0.03 -0.03 0.11%** 0.06%*
Land Tenure
Farmer Status Bought or Traded 2.08E-03 0.01 2.94E-03 8.01E-04 -0.03 0.00
INCRA and Bought/Traded =~ —0.19%** 0.17*** -0.01 0.02 -0.10 0.02
Farm Status Definitive Title -0.04 0.08*** —-0.01 -0.02 0.07*** -0.03
Purchase Document 0.03 —0.06%* 0.02* -0.01 0.05%** -0.01
Transience 1994/96 Ownership Change  —0.01 —2.23E-03 0.01 0.02 0.19%** -0.02
Land Sold -1.03E-03 —-6.09E-04 —7.89E-05 -—548E-04 -1.50E-03 8.41E-04
Land Purchased 8.62E-04** 1.02E-04 —8.43E-04***-5.08E-05 —5.11E-04 8.55E-05
Institutions
Associations 0.01 0.07 —0.06%* —0.04 0.01 —-0.05
Churches 3.91E-03 0.03 —0.03%* 0.01 0.01 —0.04**
Labor Unions —0.06** 0.10%** —0.03%** —-0.02 0.05* 0.02
Farm characteristics
Land quality Water year around 0.01 0.01 —0.04%** 0.03 0.05%* —0.06%**
Best soils —4.50E-03 0.07 -0.02 —0.11%* —0.11%%* 0.11%**
Low fertility soils —0.06** 0.10%** 0.01 —0.04 0.02 -0.03
Waterlogged soils 5.96E-04  0.13%* —-0.03 —0.03 -0.29 —0.04
Severe slope —0.06%** 0.09%** —2.52E-03 —0.04 —0.05%%** -0.01
Initial status of farm  Farm size —9.65E-04*** 1 42E-03*** 2 94E-04 4.84E-05  —1.87E-03*** —5.48E-05
Proportion deforested —0.21** 0.23%%%* -0.02 -0.13* 3.43E-03 0.12%%*
Pasture investments 0.03 —0.01 —-0.01 0.02 —0.04* —-0.01
Market links
Accessibility of farm  Time to market 2.60E-04* -232E-04* -3.16E-05 1.42E-04  —5.26E-05 —1.36E-04
Difference rainy/dry season ~ —1.38E-03 2.22E-03 6.51E-04 5.67E-04 1.05E-03 —3.27E-04

(continued)
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Table 3.1—Continued

Dependent variables®

Annual
Themes and Independent Annual perennial Perennial
variable groups variables Forest Pasture crops Fallow intercrop crops
Quality of
transportation Number of types of vehicles —1.91E-03  —0.02** —3.88E-03 3.81E-03 0.02%** 0.02%**
system Difference rainy/dry season 0.03* -0.03* 0.01%* 0.00 —0.01 0.00
Flow of vehicles 1.84E-04 —4.94E-04** 1.01E-04 7.06E-04*** 5.18E-04*** —595E-(Q4***
Site characteristics —0.14%** 0.12%** —0.02 —-0.05 0.07* 0.05%**
Chi-squared (46) 2]9%*x* 2] 1%** 62%* 46 133%%* Q5***
N 96 96 96 96 96 96
Sources: “Proportion of farmland in 1995-96 held in each category.
* Statistically significant at the 10 percent level.
**  Statistically significant at the 5 percent level.
**%  Statistically significant at the 1 percent level.
described in Chapter 2).* Several land uses land in the establishment phase for perenni-
are distinguished for the purposes of this als in which the trees are intercropped with
analysis, as categorized by farmers in the annuals (hereafter designated ‘“annual/
survey (see Chapter 2). Annual cropping perennial”).”® Recall that the full descrip-
land includes rotations of rice, corn, beans, tion of variables included in the regression
and manioc (defined as an annual in this analyses, along with several reference vari-
chapter despite the fact that its production ables that help establish farm and farm
cycle is longer than 12 months because it households’ characteristics, appears in Ap-

shares the same land and performs the role pendix A, Table A.1.
of a subsistence crop). Fallow land (sec-
ondary forest regrowth) is devoted to soil

recuperation (by design or neglect). In ad- Regression Results

dition to pastureland, the model here also Table 3.1 contains the estimated coeffi-
distinguishes between land for pure stands cients and statistical significance levels for
of perennial tree crops (coffee, mainly), and selected variables for all land use equations

“The sample size is not as large as the authors would like, given the large number of regressors. Still, they found
it preferable to estimate the most complete model possible on the most reliable data set available, than to cut vari-
ables or use other techniques to fill in for missing data. Based on processes better understood from analysis in
this report, those steps should be possible in future work, enabling a refinement of hypotheses tested here. Re-
liability of land use is discussed in Chapter 2; no such cross-checks exist on recall data from the time of arrival,
but the fact that the period was a milestone in the lives of many settlers lends some confidence to the recall data’s
quality.

Several tests were run to assess the sensitivity of regression results to changes in the allocation of land across
categories. Results supported the inclusion of annual/pasture intercropped land with pure pasture, leaving the
annual category containing only pure annual production. Land containing perennial tree crops was split into two
categories, one containing pure perennials only and a second containing only land dedicated to intercropped an-
nuals/perennials.
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(recall that full results are available in Ap-
pendix A, Table A.2).*** The discussion
below is organized around each subcate-
gory of Z variable (described in earlier sub-
sections), each of which highlights hy-
potheses and discusses results (in italics) in-
dicating when F-tests for that block of vari-
ables, available in Table A.2, tested signifi-
cant. The variables relate to resource con-
straints (land quality and the condition of
the farm upon current owners’ arrival,
human capital and financial assets at that
time, type of tenure obtained upon arrival),
and farm-gate price expectations (current
tenure and variables that proxy for access to
markets or trading partners). Note that hy-
potheses about effects of resource con-
straints on land allocations, as well as inter-
pretation of results, build in researcher
knowledge of context (summarized in the
research site and sample description in
Chapter 2) that are not precisely picked up
by specific variables. Thus these regression
results point to trends for which there are
hypotheses, but often not clear tests, about
processes (this issue is taken up in the sec-
tion on future research at the end of this
chapter). The most important aspects of the
site context drawn on here are (1) prevalent
land use practices (especially their relative
factor intensities), (2) ease of marketing as-
sociated with each land use, (3) land use
links with consumption decisions (espe-
cially for staple crops), and (4) the shift in
prices and policy (general currency stabi-
lization) between the 1994 and 1996 sur-
veys. Hypotheses and interpretations center

on current conditions, so they seek to ex-
plain observed land use patterns rather than
optimal ones, lessening the role here of
farmers’ expectations about future shifts in
production or marketing regimes. The dis-
cussion below sometimes loosely refers to
“more land” or “less land” in one use or an-
other, always meaning proportionally (not
absolutely) more or less, except when oper-
ational holding size is explicitly referenced.
Interpretation of results also uses language
implying causation, but it is the hypotheses
that are about causation, which are expected
to be revealed by associations found in the
regressions.

Note that several variables in different
categories—changes in size of operational
holding (in Z%), within-project migration
history (in Z%,), and recent change in own-
ership (in Z™)—touch on the theme of tran-
sience in settlement projects. This is an in-
teresting topic for its potential land use im-
plications explored in some other models
(see literature cited in Chapter 1, especially
Dale et al. 1993; Jones et al. 1995; and Lefa
1991). It also has particular policy impor-
tance given the intention to “fix” small-
holders to the land in these settlement proj-
ects. A short discussion on regression re-
sults relevant for transience appears after
the subsections on the Z variables.

Land Quality (Z")

Land quality variables include the year-
round presence of water on farms and four
variables indicating different types and
degrees of land-related obstacles to

*Forest and pasture columns are juxtaposed to ease identification of factors that touch on the main process of
forest conversion to pasture (significant coefficients in both equations but of opposite sign).

*Because of the partial adjustment model structure, the coefficients on the lagged dependent variables represent
the shortfall from complete adjustment to optimal land use in the intervening time period. Estimated coefficients
on other independent variables include these adjustment coefficients (the proportion of adjustment to the optimal
that does take place in the period), but estimates of true coefficients on these are recoverable using the estimates
of the adjustment coefficients (see, for example, Ramanathan 1992, p. 435). Since this discussion focuses on the
direction rather than magnitude of effects, this exercise is not performed here.
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agricultural production (described more
fully in Chapter 2).* They are exogenous to
farmers’ 1996 decisions, considering the
time path that starts upon their arrival on a
farm, but they affect expected yield and
hence land use.”” It is hypothesized that lots
with higher agricultural potential (less se-
verely sloped, less waterlogged, with higher
fertility) will be less forested, and that
higher fertility will especially favor annual
and perennial cropping systems. Extremely
low fertility on farms that are still settled
could also lead to less forest, but not to the
same extent, given absence of resources
with which to deforest. On-farm water
sources will boost pasture area, since cattle
production systems require plentiful and
continuously available sources of water,
while (rainfed) cropping systems revolve
around the seasonal rains. The sample,
however, is not terribly heterogeneous with
regard to water availability (most farms
have access year-round to water) or land
quality. This, plus measurement problems
especially associated with the latter, can
confound hypothesis tests.

Land-quality variables considered
jointly contributed significantly to overall
explanatory power in all land use equations
except area in forest and fallow, suggesting
that land quality is more important in de-
termining use of cleared land than in how
much land is cleared. Farms with low-
fertility soils plus other minor impediments
to agriculture had more land in forest than
farms with just low fertility. This provides
some evidence that agronomic constraints

other than fertility lead farmers to leave
more land in forest. (This finding runs
counter to findings in Jones et al. 1995 for
a different sample, and could better be
tested in a sample that included more vari-
ation in fertility levels. Farms with low fer-
tility plus other minor impediments, how-
ever, did not have more land in forest than
the highest fertility soils. This could be the
result of offsetting increased pressure to de-
forest for agriculture and to take advantage
of highly fertile land. Since perennial crop
growth, which makes best use of highly fer-
tile land, is highly labor intensive, it thus di-
verts resources from deforestation. The sig-
nificant coefficient on perennial crops for
this category is in line with this interpreta-
tion. A similar offsetting effect (but in the
other direction) could be behind the finding
that waterlogged area favors pasture (dis-
favors cropping), but has no effect on forest
(the hypothesized forest-saving effect
washed away by the extensive nature of
pasture systems). A similar argument might
be made for severe slopes—the slopes do
not affect establishment of pasture as much
as other land uses, this in turn increases
pressure on forests. The finding that farms
with year-round sources of surface water
did not affect pasture area but did affect
propensity to shift product mix toward
perennial systems (establishing new peren-
nials intercropped with annuals) is more
perplexing and deserves closer examina-
tion. It does suggest that water scarcity in
the area in the dry season is not severe
enough to affect herd size (due either to

*The omitted land-quality variable was the type judged by soil scientists to be the most prevalent in the area,
having low fertility plus some not severe problems with rockiness and slope.

“TThese factors are likely endogenous to farmers' decisions to settle on a particular lot but not always. INCRA
randomly assigns land to those settling land through its official channels (nearly a third of our sample, although
informal bargaining even at this stage may well occur). From field interviews, the primary criterion for "squat-
ters" who short-circuit the INCRA process is contiguity to existing settlements, and for those who purchase land,
access to markets. The land quality within the projects, while heterogeneous, does not encompass the most fer-
tile soils in the area (already settled when these projects were open). All this said, land quality probably does

factor into settlement decisions.
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prevalence of year-round water, or broader
access to water via the herd/pasture sharing
arrangements described in Chapter 2).

Initial Farm Status (Z3,)

These variables control for condition of the
lot when the current farmer arrived in order
to isolate effects of current owners’ deci-
sions. A priori, it is difficult to formulate
specific hypotheses about these variables
without more detailed information about
land transfers, especially factors influenc-
ing whether farmers buy or sell forested
versus cleared land. Net of the effect of
transfers, larger lots are expected to have
higher proportions in forest, given that re-
source constraints limit the amount defor-
ested per year (controlling for time on lot
and time of initial lot opening). Farmers
whose lots have higher proportions of land
cleared upon arrival have marginally
greater incentives to intensify land use on
cleared area by planting perennial crops and
intensifying cattle production. To the extent
that buying land in the project represents a
new and significant financial outlay (recall
that initial migrants received land at close to
no cost from INCRA), and that this act is
controlled for in the regression, these net-
of-transfer effects may dominate. But the
“land use composition” of land either
bought or sold can cause other types of ef-
fects. If land values accurately reflect fu-
ture profit streams (and incorporate clearing
costs for forested land and factor in the de-
gree of future land degradation), then time
constraints, imposed by clearing or land use
management, could figure prominently in
the decision about whether to buy or sell
forested or cleared land. The desire to avert
potential fines for surpassing limits on de-
foresting more than 50percent of one’s lot
could shift the result of the farmer’s calcu-
lus in the direction of more forest. Rather
than derive specific hypotheses, this report
looks to regression results to suggest what
effect dominates in this sample. In addi-
tion, existing on-farm investments in pas-
ture are expected to lower current farmers’

costs of investing in that area; the invest-
ments could boost area in pasture but may
themselves be evidence of a more intensive
pasture management system, so the effect
here is also ambiguous.

Farmers who initially occupied larger
lots converted more forest and devoted
more land to pasture and less to
annuals/perennials. Farmers initially occu-
pying lots with larger proportions cleared
also had less in forest and more in pasture
and pure perennials.. The findings point to
a propensity to use larger lots for pasture
expansion (responding less to recent exoge-
nous price signals favoring establishment
of perennial stands), controlling for
whether the larger lot size emanated from
earlier initial settlement. They also point to
a tendency to diversify into more land-in-
tensive uses on farms settled with less for-
est available. Previous investments in cat-
tle production infrastructure did not influ-
ence area in pasture directly, but it did de-
crease area in annuals/pevennials.  This
provides indirect (and inconclusive) evi-
dence that previous pasture investment en-
courages more land-intensive use of pas-
ture, and by lowering costs shifis the bal-
ance of benefits from different land uses to-
ward pasture (seen in less responsiveness to
relative prices favorable to perennials).

Farmer Knowledge Base (Z',)

Farmer knowledge about agricultural prac-
tices and available technologies, biophysi-
cal processes affecting this (especially fa-
miliarity with their own natural resource
base), and opportunities for trading output
(market and marketing information) are
thought to influence land use allocation via
expected profits. The region of origin of
settlers has been posited as an important
force, particularly during initial settlement
of the area, because settlers bring with them
agricultural practices from other agroeco-
logical zones, which may be inappropriate
for study areas (Cunha and Sawyer 1997,
Pichon 1997). The tendency of settlers of
similar origin to settle in the same areas
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within projects might have created opportu-
nities for local trading and eased some of
the difficulties faced in establishing new
farms (Sydenstricker 1998). Migration his-
tory is also considered important in identi-
fying settlers with different asset bases,
who move for primarily different reasons
(out of desperation versus a desire to capi-
talize on profit opportunities in frontier
areas) (Lefia 1991). Some indication of
schooling is often used as a proxy for a
farmer’s ability to assimilate knowledge
about technologies from a greater variety of
sources, due to some combination of ex-
panded knowledge and greater exposure.*
These factors are examined in turn.

Origin. The effects of imported agricul-
tural practices are not likely to persist in
mature settlement projects such as these,
where information about the resource base
and prevalent agricultural practices are
more readily available to new migrants (via
demonstration or discussion). To the extent
that social networks based on this factor
persist amid considerable farmer turnover,
this could improve farmers’ abilities to re-
spond to market signals or expand trading
opportunities. A priori it is difficult to say
which social networks would perform
which function, and with what effect on
forests, although farmers from the more
economically vibrant south and southeast-
ern regions might retain some advantage in
knowledge of (or connections to) relevant
markets and marketing channels.

Block F-tests indicate that the region of
origin matters for allocation of land to pas-
ture and annuals/perennials, but not for for-
est per se. Farmers originating from the
Southeast region had proportionately more

land in annuals/perennials than the omitted
category (farmers from the North, or Ama-
zon region), which lends some support to
the idea that those of Southeast origin had
better links to broader markets. Farmers
originating in the Southeast also had pro-
portionately more land in pasture than did
farmers from other regions, especially Cen-
tral-West (revealed by the F-test for the pas-
ture equation; selection of the omitted vari-
able obscures the significance of this rela-
tionship). Given pasture’s importance to
agriculture in the Southeast during the pri-
mary waves of migration, this could provide
support for the “imported practices” hy-
pothesis, given that land in pasture does not
usually revert to other uses. But because
the lagged dependent variables in the equa-
tion would pick up much of this effect, it
more likely supports an “improved access
to market” hypothesis. Farmers from the
Amazon did not have more land in forest,
despite extractive traditions, which seems
to provide additional evidence that im-
ported practices, although perhaps once
important to the success or failure of a
farm, hold less sway now.

Migration History. Households with
some urban experience prior to arrival on
the lot are expected to be more aware of po-
tential employment and market opportuni-
ties. In the long term, this can have am-
biguous effects on levels of forest, since
profits earned could be permanently di-
verted from agriculture or reinvested in
agriculture, depending on broader eco-
nomic conditions (this is discussed more
fully in Chapter 4, on the bioeconomic
model). In the shorter term, the effect
should be to divert resources away from

BAll "knowledge" variables are measured in terms of the primary decisionmaker, or household head. For mi-
gration, this abstracts away from potentially important, but impossible to capture here, effects of household
strategies that involve different paths by different individuals, potentially important for labor availability and for
the purposes here, capital accumulation. For literacy, education of other household members may importantly
influence the household's ability to adopt new techniques, but since this education may have occurred in the proj-
ect (along with land use decisions), it is endogenous and cannot be used as a regressor.
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agriculture. While this model focuses on
land uses in the shorter term (given the
presence of the lagged dependent vari-
ables), it may capture effects of returns on
investment realized only within this win-
dow. The effect is ambiguous; regression
results may suggest a narrower range of
likely scenarios. In this sample, “tran-
sience” (that is, frequent movement) of
farmers before coming to the project may
reflect either entrepreneurship or persistent
poverty: regression results may indicate
which effect dominates. Experience within
the project prior to settling on one’s own lot
can influence land use patterns, as is the
case with source of origin, more because it
indicates continuing social networks than
because farmers are exposed early on to dif-
ferent land use practices and agronomic
conditions.” Social networks can improve
farmers’ abilities to capitalize on market
conditions if such networks also facilitate
access to markets. Such access may favor
investment in annual/perennial systems, or
it can create more local trading markets that
relax on-farm resource constraints and
favor investment more generally. There is
some ambiguity regarding those who
moved frequently within the project before
settling. Were these moves made out of suc-
cess or failure? (But given the general ap-
preciation of land values over time, the fact
that these farmers are still in the project
may indicate success.) To the extent that
moves for either cause are foreseen by
farmers, they work against investment in
land uses whose benefits take longer to re-
alize (such as perennial tree systems,
which, in any case, require investments that
farmers who are at the edge of profitability
cannot afford).

Pre-project experience mattered (ac-
cording to F-tests reported in Appendix A,
Table A.2) for all land uses except those

most tied to subsistence farming (annuals
and fallow). Farms headed by individuals
with previous experience in urban areas
had larger proportions of land in forest and
less in the pasture and pure perennial cate-
gories—indirect evidence that nonfarm ac-
tivities were drawing resources out of agri-
culture. Farmers with wide migration ex-
perience (having passed through a rela-
tively large number of states before arriving
at the colonization project) held more land
in annuals/perennials, suggesting that this
group had greater ability to respond to
market signals. Within-project experience,
on the other hand, was significant only for
land uses involving annuals (annuals alone
and annuals/perennials), and varied with
type of experience. Farmers whose first
stop was on their own lot had more land in
annuals and less in annuals/perennials, in
keeping with their more limited access to
social networks that would aid the farmer
in capitalizing away from production of
subsistence crops or ease access to mar-
kets. Those stopping first on a large cattle
ranch maintained less land in annuals/
perennials but did not have significantly
more pasture, perhaps indicating a role for
exposure to more land-intensive cattle tech-
nologies (not necessarily part of common
knowledge), although this is speculation.
Farmers who moved frequently within the
project had more land in annuals and less
in pure perennials, supporting the hypothe-
sis that farmers were more likely to move
frequently as a result of failure rather than
success. This is in line with a finding that
the primary wave of settlers had to sell out
to wealthier second-wave settlers to cover
debts (Lefia 1991). Whether those remain-
ing in the project were relatively more suc-
cessful than the ones who were no longer
available for interview or whether they

49 Similar to variables capturing the effects of an individual's region of origin, these factors may have been crit-
ical in determining who succeeds on their farm, and thus who appears as a respondent in this sample.
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stayed in the project because of relatively
lower migration costs remains unknown.

Literacy. Households headed by literate
individuals (able to read and write) are ex-
pected to have a comparative advantage in
document- and information-intensive pro-
duction and marketing processes. This
should mean less reliance on annual crop-
ping for subsistence needs and greater
agility vis-a-vis market signals (in this con-
text, indicated by more land in
annuals/perennials). The effect could be
mitigated by (endogenous) education of
other household individuals (see footnote
48).

Farms operated by individuals who
could read and write had significantly less
area in annuals and significantly more in
pasture and pure perennials. The finding
regarding annuals is as expected; the find-
ing vis-a-vis long-standing land uses, re-
quiring greater investment, may indicate
that the literate benefit from a greater
knowledge of technology. Literate farmers
may or may not know about price condi-
tions earlier; these results suggest that they
have no better information at the time plant-
ing decisions are made.

To sum up, regression results suggest
that some aspects of the farmer’s knowl-
edge base are linked to market responsive-
ness and others to on-farm capitalization
and technology use. Exposure to a broader
range of experience outside the project (be-
fore migrating to the project) is associated
with greater responsiveness to recent mar-
ket signals in the agricultural sector and op-
portunities in the urban sector. Exposure
may create familiarity with markets or gen-
erate continuing social networks that facili-
tate a direct link with markets. Either path
could lower costs associated with acting on
exogenous prices, and therefore increase
farmer responsiveness. The urban exposure
need not—but does, in this sample—act as
a net draw of resources from agriculture
(perhaps via investment or labor opportuni-
ties). Within-project contacts (living with
another settler before arriving on one’s own

lot) seems to improve a farmer’s chances of
moving beyond subsistence farming, per-
haps because the farmer has become famil-
iar with and invested in a range of less com-
monly used technologies. Literacy also
helps in the general investment/capitaliza-
tion process, but in itself it gives farmers no
extra advantage in knowing and responding
to market signals, within the timeframe of
the agricultural year captured here. Find-
ings on frequency of movement are dis-
cussed in the subsection on transience.

Farm Household Asset Base (Z%,)

For the poorest farmers, a sufficient asset
base to assure subsistence is the overriding
goal. Once this is attained, poverty can still
limit farmers’ options for investment/capi-
talization paths, affecting land use and envi-
ronmental outcomes (Reardon and Vosti
1995). The initial land base having already
been discussed, this discussion centers on
the effects of household financial assets and
labor resources upon arrival.

Farm households having more financial
and labor resources upon arrival have the
wherewithal to get about the business of
forest clearing more quickly than their less-
well-off neighbors; those with a relatively
abundant supply of labor may have the op-
tion of establishing labor-intensive agricul-
tural activities. Such additional resources
can create opportunities for diversifying off
farm or even outside of agriculture. Those
arrivals who have steady nonfarm income
may also have a social network, with simi-
lar effects to those seen above. The effects
of lasting social network connections would
most likely be seen in the equation, since
other effects could be partially or wholly
picked up by the 1994 land use allocation
variables.

Resources upon arrival mattered for all
land use equations except secondary forest
fallow (F-test in Table A.2). Households
arriving with above average amounts of fi-
nancial veserves had more forest in 1996,
but these resources did not affect use of
cleared land. Although this finding was not
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expected, it could have many explanations:
(1) Wealthier households are more likely to
invest off farm or to be based elsewhere and
holding land for speculation or diversifica-
tion purposes. (2) Households with secure
sources of off-farm income upon arrival
had larger proportions of land in annu-
als/perennials. This agrees with the hy-
pothesis that an off-farm social network
leads to market connections, although the
source of that income is unknown. (3)
Households with more members had signif-
icantly more land in pure perennials and
less land in pasture; those with a larger
share of adults had more land in forest, an-
nuals/perennials, or pure perennials and
less land in pasture. Initial labor availabil-
ity seems to have a continuing impact on
land use. The longer time frame of the pro-
ductive cycle of perennial tree crops and
their labor-intensive nature may lock in
household labor resources over time once
the household has committed to this land
use. Use of labor resources for perennials
competes with and helps define land clear-
ing. There are costs to clearing more land
than can be usefully used, since it degrades
if neglected, so households concentrating
on perennials tend to have more forest.
Households short of labor early on, on the
other hand, continue to opt for more exten-
sive livestock production systems.

Land Tenure

The causal link running from land use to
land tenure in the Brazilian Amazon has
been cited as an example of policy-driven
deforestation—smallholders must clear
land in order to gain secure access to it
(Mahar 1989; Schneider 1994). For small-
holders, risk of expropriation drops as set-
tlement projects mature, but degree of
tenure security can affect land value to the
extent that any risk remains. More secure
land tenure, however informal, can also
open doors to particular lines of credit. Two
sets of land tenure variables are examined
here. The first set identifies the manner in
which 1996 respondents first obtained land

in their 1996 operational holding (via
INCRA, by squatting, through trade or pur-
chase, or some combination of these). The
second set measures the type of land title in
the possession of the owner at the time of
the 1996 interview. The peculiarities of the
land tenure system (legal restrictions as op-
posed to current practices on use of forest,
sale of property, and evolution of title from
provisionary to definitive) are described in
Chapter 2. The fact that the effect of these
variables on land use was examined in 1996
lessens the case for endogeneity of land
tenure upon arrival.

Land Tenure 1 (Z%). Farmers who
owned their lots in 1996 can be distin-
guished by the way they acquired them: (1)
those who gained land via illegal squatting
in forests; (2) those who received lots from
INCRA and remained on them; (3) those
who received lots from INCRA, maintained
those lots, and then purchased others; and
(4) those who purchased land outright. The
presence of (1), (2), and (3) in the 1996
sample could signal different degrees of
success: all of these lot holders were more
likely to be resource poor upon arrival, yet
they have not disappeared from the project.
The effect of the resources thought to influ-
ence the time path of land uses would, like
the ones above, be expected to be correlated
with the lagged dependent land use vari-
ables. Net of this, a pathway for a persist-
ent effect on 1996 land uses would be via
farmer characteristics—such as entrepre-
neurship or management skills—picked up
by these relative indicators of success in
farming. Since the variables are not clearly
enough identified (or the effect of these
skills on land use choice well-known),
testable hypotheses could not be set up.

Deforestation and land use patterns for
lot purchasers and those having only an
INCRA lot did not differ significantly, indi-
cating no persistent effect of mode of acqui-
sition on subsequent land use. Owners who
received one lot from INCRA and later ex-
panded have more area in pasture and less
in forest. Given the previous discussion on
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the composition of land that gets trans-
ferred (forested versus cleared land), this
finding should be considered in conjunction
with another—the finding that owners who
bought additional farm area (vegardless of
mode of acquisition) had significantly more
land in forest and less in annuals. This
topic is taken up in the section on tran-
sience below.

Land Tenure 2 (Z™). More secure
tenure helps relax liquidity constraints, eas-
ing capitalization and movement out of sub-
sistence cropping. To the extent that even a
slight risk of expropriation remains, due to
insecure tenure, area in perennials with long
life cycles would be expected to decrease.

Land tenure in 1996 mattered only for
pasture and annual/perennial equations (F-
test in Appendix A, Table A.2). Farms with
definitive land title in 1996 had higher pro-
portions in pasture and annuals/perennials.
Having a purchase document to prove land
tenure, however, reduced area in pasture
and increased area in annuals and annu-
als/perennials. The findings do not provide
clear support for the hypothesis that tenure
acts primarily via credit. Most govern-
ment-sponsored credit schemes geared to-
ward small farms would not distinguish be-
tween definitive title and purchase docu-
ment, but other sources might. This could
explain the differing results for these tenure
categories regarding pasture. That annu-
als/perennials appeared to be significant
only during the establishment phase seems
to indicate that tenure helped increase the
supply of short-term human and financial
resources available to respond to market
signals. This finding could provide evi-
dence that risk of eviction is having an in-
Sfluence, although the timing of the switch to
economic conditions favoring perennial
crops makes this relationship harder to
pinpoint.

Transportation and Market Access
@™

Access to markets is often cited in the liter-
ature as an important factor affecting land

use, especially for isolated farm households
and for extractive and other products that
perish quickly without processing or refrig-
eration (Singh, Squire, and Strauss 1986;
Vosti and Witcover 1996b). But not just
distance from market affects market access,
but specifics of local marketing institutions
and chains for particular products as well.

Farmers who have shorter traveling
times to markets and farm-gate prices
closer to local marketplace prices are ex-
pected to garner more benefits from clear-
ing land, so they tend to have less land in
forest and more in annuals/perennials. To
the extent that they already have land in
pure perennials, they may have more forest
(because of the labor constraint). If farmers
must travel a greater distance to markets or
face a high seasonal differential in the time
it takes to get to markets in the rainy season
versus the dry season, the household calcu-
lus could tip toward planting more subsis-
tence crops for food security reasons.

Controlling for time to market, the vol-
ume of vehicular traffic near the farm can
indicate increased options for arriving at the
marketplace or for trading outside the phys-
ical marketplace. More modes of trans-
port—not just more traffic but more types
of vehicles available for transport of
goods—passing the farm more frequently
can be expected to promote production of
perishable items, such as byproducts of
cacao, tropical fruit, coffee, or milk, with
consequent increases in areas dedicated to
perennials, pasture, or both.

Transportation variables as a group
had a significant impact in all equations but
forest and annuals. Still, farms with higher
travel times to markets had more land re-
maining in forest (as expected), and less in
pasture. Seasonal fluctuations in transport
time to market did not influence land use
patterns at all, with the expected effect on
annuals for food security reasons absent.
Farms with larger numbers of transporta-
tion modes passing their farm in the dry
season had more land in pure perennials
and annuals/perennials and less in pasture.
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This supports the hypothesis about peren-
nial products, but not milk, perhaps be-
cause labor competition on farms precludes
significantly higher pasture and perennial
area response, or because milk sales de-
pend on the passing of a particular type of
vehicle. Seasonal differences in the number
of modes of transport also influenced land
use, greater differences in available modes
led to larger amounts of land left in forest
and allocated to annual crops and less area
in pasture, so the food security hypothesis
plays out more regarding modes of trans-
port than time to market. Sheer volume of
traffic on roads passing farms meant more
land in annuals/perennials and fallow but
less in pure perennials and pasture. The
findings regarding annuals/perennials and
fallow may indicate that higher traffic vol-
ume creates a less-specialized link to mar-
kets, but why this should affect secondary
Jfallow and not forest, or area in pure peren-
nials or pasture, is not clear.

Local Institutions/Community
Associations (Z§°™)

Social foci facilitating farmer interaction
(principally associations, churches, and
unions, as described in Chapter 2) create
conduits for information flows generally,
including data about markets and technolo-
gies. Most associations have more frequent
communication with entities outside than
within settlement projects (Sydenstricker
1998). Farmers’ associations are often
geared toward marketing; they reduce input
and transportation costs for farmers by in-
creasing the volume of units purchased and
sold. Evangelical churches often provide
an impetus for work parties arranged
around individual or collective projects
(land clearing or road improvements). Both
types of organizations are repositories of
specialized human capital (particularly or-
ganizational and planning skills). Govern-
ment-sponsored labor unions were less
prevalent. They seemed to have fewer well-
defined tasks and were not investigated
much because they did not form as a result

of local farmers’ decisions (Sydenstricker
1998).

All these venues should provide an “in-
project social network effect,” with a priori
ambiguous effects on land use, in line with
findings regarding farmers’ knowledge
base, easing constraints in a way that sup-
ports farmers’ capitalization process. Farm-
ers’ associations may be more likely to help
establish generalized market links, which
would show up in results as more land in
annual/perennial crops.

Community organizations mattered in
every equation except fallow (F-test in Ap-
pendix A, Table A.2). The presence in the
neighborhood of a farmer association or
evangelical church significantly decreased
the proportion of land dedicated to pure an-
nual crop production, somewhat in line with
the capitalization hypothesis (but with no
clear emphasis on pasture versus perennial
crops, which could in turn cause important
differences in forest use). The presence of a
labor union office also decreased reliance
on annuals, but it increased the proportion
of land dedicated to pasture and
annual/perennial crops at the expense of

forest and annual crops. This suggests a

capitalization process skewed toward pas-
ture accumulation plus responsiveness to
recent market signals. Closer examination
of the workings of these organizations
would be needed to discover why this might
be so.

Project-specific Characteristics (Z")

The conjunct of factors picked up by the
project-level dummy is expected to show
less forest, more pasture, more perennials,
and more annuals/perennials for Theo-
broma than Pedro Peixoto, given greater
proximity to market centers, higher local
population density, and more government
programs geared toward pasture and partic-
ular perennials.

Farms in the Theobroma colonization
project (the older of the two, the one located
closest to markets along the major north-
south all-weather road, and the one located
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in the pro-agricultural growth state of
Rondénia) had significantly smaller pro-
portions of area remaining in forest and
greater area in pasture, pure perennials,
and intercropped annuals/perennials.

Transience

Changes in size of operational holding
(in Z8 ), within-project migration history (in
7)), and recent change in ownership (in
Z™) may also affect deforestation and land
use practices. Field research distinguished
land sellers and land purchasers. Land sell-
ers are likely to be doing so to cover liquid-
ity needs (short-term debt as the result of
illness, for example), or because demo-
graphic shifts make management of the
whole farm impossible. Controlling for
1994 land allocation, the result of sales
from household labor attrition would be
less land in annuals/perennials or pure
perennials. Land buyers may prefer to pur-
chase primarily forested or cleared land, ac-
cording to trade-offs already outlined, so
the effect here is ambiguous. Effects of re-
cent ownership changes are also ambigu-
ous, but if the transfers were foreseen or the
result of distress, they may be associated
with less land in pure perennials.
Deforestation and land use patterns for
those selling land did not differ from those
whose farm size did not change. Land buy-
ers, however, tended to have larger propor-
tions of land in forest (and less land in an-
nuals) in their 1996 operational holdings,
but recall that this is controlling for an im-
portant subset of owners who expanded
holdings after initial settlement by INCRA.
The latter group had more pasture area and
less forest. This suggests different strate-
gies or capital constraints among those
buying land. Some buyers had a preference
for land already cleared by original settlers
(indicating an intention to immediately
farm on all cleared land), and others pre-
ferred land in forest (indicating profit-mak-
ing plans involving future agricultural ex-
pansion). While a number of moves prior to
arriving in the project seemed to be associ-

ated with success in farming, several moves
within the project before settling on the cur-
rent lot carried more of the characteristics
of distress sales. This could indicate that
successful farmers remaining in the project
are less likely to “trade up” in terms of lot
location than to expand landholdings.

Farms that changed ownership during
the 1994-96 period had proportionately
more land in annuals/perennials, but the
share of area in forest was not affected.
This may suggest that new owners have a
freer hand to respond to market signals,
taking the state of the lot upon arrival as
given.

General Conclusions and
Topics for Future Research

Land use decisions of farmers who are well
integrated into broad markets are not likely
to be influenced by the factor endowment
and social interaction variables discussed
here, and the effect of distance to market
can be captured entirely by the transporta-
tion costs to that market. But such analyses
assume that the “reach” of the market en-
compasses all actions relevant to the dy-
namic expansion of the agricultural frontier
into forest areas, which may not be the case,
especially at the agricultural frontier.
Information on recent land use patterns
in the regression confirms the prevalence of
a pasture/forest trade-off and land use tra-
jectory from, for example, annuals to pas-
ture, as discussed in Chapter 2. Given that
farmers are partially adjusting toward opti-
mal conditions along such trajectories, vari-
ables hypothesized to affect farmers’ profit
expectations by easing their access to mar-
kets or their on-farm resource constraints
mattered for specific land use patterns. Be-
cause of the lagged variable controls, the
precise effect of levels of on-farm resource
constraints on land use patterns was not di-
rectly tested for. Information about how
prevalent production technologies use land,
labor, and capital (Chapter 2), however,
suggests how on-farm constraints can lead



60 CHAPTER 3

to competition for resources across land
uses. This information about technology
requirements aided plausible interpretations
about results of particular variables across
equations. Similarly, knowledge about the
substantial relative price shift between sur-
veys made it plausible to use annuals/peren-
nials as an indicator of responsiveness to
relative prices in regional markets—a char-
acteristic otherwise difficult to ascertain.
Given these shortcomings (and those dis-
cussed below), the direction rather than the
magnitude of effects from regression results
were considered, with interpretations that
were in line with results. Tests for how lev-
els of resource constraints play out in a dy-
namic fashion in land use choices are left to
Chapter 4 on the bioeconomic model.

In addition, findings about the differing
effects of different aspects of land quality—
especially fertility versus other characteris-
tics such as slope and rockiness—are an im-
portant addition to a growing literature on
this topic, suggesting that a focus solely on
fertility might be misplaced. Still, the find-
ing is watered down by the possibility of er-
rors in measurement of, or insufficient vari-
ation in, land quality.

More striking perhaps was the impor-
tant role played by social networks, estab-
lished either prior to arrival in the project
(as part of the “knowledge base” of the-
farmer) or within it (in local organizations),
in either case easing access to markets or
on-farm resource constraints, thus affecting
land use patterns and ultimately deforesta-
tion. A shortcoming of this approach is its
inability to capture endogenous change in
the knowledge base—Ilearning—which
surely affects land use patterns.

The examination of market access itself
was innovative in that it allowed for mar-
kets, in effect, moving to farmers, and for
transport options to be distinguished from
distance to markets. These innovations
picked up important land use effects, in-
cluding one involving food security, which
a more conventional measure missed.

Finally, the results about changing land
size and transience of farmers within proj-
ects and before they arrive point to impor-
tant economic events on the dynamic ex-
panding frontier that are overlooked by
analysis that focuses solely at the farm
level. These results have implications for
poverty and deforestation, and even point to
some topics that, if more closely examined,
could shed light on what those implications
are. Along with the social network findings
and the information on the prevalence of
local sharing arrangements (Chapter 2),
they point to a need to further investigate
the role of these local conditions and their
market-like functions in the absence of
fully integrated markets.

Model Limitations and Their
Implications

While the reduced form regression model
and the field data set have some interesting
features for testing land use decisions, they
have serious shortcomings as well. The
panel sample is small, and there was sample
attrition. Beyond the farms that were sold
out of the sample, there is no reason to ex-
pect that sample attrition (due to missing
values) had a structure that biased land use
results; yet this remains to be tested. Al-
though there is no reason a priori to expect
problems with the error structure, endo-
geneity, autocorrelation, or heteroscedastic-
ity could still present difficulties because of
omitted variables, errors in measurement,
more complicated spatial lag or spatial
regime effects, or a different interpretation
of the presence of the lagged dependent
variables (from an adaptive expectations
model, for example). This means that sig-
nificance of coefficients at the 5 percent and
surely thel0 percent levels should be inter-
preted with caution. It would be unusual,
however, if efforts to account for patterns in
error structure changed the conclusion of a
significant relationship for variables found
significant at the 1 percent level in this re-
port. Aspects of the model specification
and its estimation dilute its ability to test
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critical hypotheses about the effects of lev-
els of household resource constraints on
land use patterns, given specific off-farm
institutional conditions. “Induced” multi-
collinearity between initial resource alloca-
tion and the lagged dependent variable is
one example of this; the inability to exploit
the correlated error structure across equa-
tions (or in a more fully specified set of
input equations) is another; and the lack of
a consumption equation to complete the
system a third. The dynamic structure of
the theoretical model justifies the presence
of “initial resource” variables, but insofar as
these variables are proxies for resources
concurrent with land use choices, an instru-
mental variables approach (and different in-
ference testing) is called for. Finally, while
the theoretical approach justifies the types
of variables included, it does not suggest a
specific functional form, so the way the
variables enter the model is somewhat ad
hoc, an exploratory technique to pick up
strong linear relationships among variables
as specified.

From Multivariate Regression
Analysis to the Farm-level
Bioeconomic Linear Programming
Model

Multivariate analysis confirms the impor-
tance of farm and farm household points of
departure in determining 1996 land use. It
also confirms the importance of resource
quality and marketing costs and the need to
pay close attention to sequences of land
uses to obtain information about technolog-
ical choice and biophysical processes. The
next chapter includes some of the factors
that matter most in identifying deforestation
and land use and builds them into a com-
prehensive, farm-level model. The model
can examine on-farm resource competition
(for labor, land, and capital) among land
uses in an institutional and policy context,
where prices formed in the marketplace are
modified by institutions, policies, and trans-
port costs on the way to the farm gate. It
does so for a farm household, like the one in
the theoretical model in this chapter, look-
ing out into the future to establish the opti-
mal time path of action to maximize profits.



CHAPTER 4

A Farm-Level Bioeconomic Model

land use, and farm household income requires an analytical tool capable of explicitly

considering (1) both the biological and economic forces at work in determining de-
forestation, land use, product mix and technical choice on farms; (2) competition at the level
of the operational holding for labor, land, and cash; and (3) the forward-looking, profit-
maximizing nature of smallholder decisions. This section describes a farm-level bioeconomic
model, principally its structure, including treatment of soil productivity and degradation and
initial conditions, based on the sample area. The next two sections present a baseline simula-
tion using those initial conditions, emphasizing results on deforestation, land uses, use of fam-
ily and hired labor, and income, and examining the sensitivity of results to certain key model
assumptions. The following section presents the same type of results from model simulations
run under a series of policy-relevant conditions. A final section outlines key assumptions un-
derlying the model, including choice of objective function and time horizon, and discusses
their implications for research results and their possible modification in future work.

T o evaluate the net effects of particular policy and technology changes on deforestation,

Whole Farm Optimization Model: A Description

A linear programming (LP) model was developed to explicitly account for the biophysical and
economic factors determining farmers’ deforestation and land use decisions. Bioeconomic
models are being used increasingly to examine issues involving the interplay among economic
and biophysical factors and processes. Some of these models focus on particular geographic
units (such as watersheds, fishing grounds, or rangeland areas) and examine how individuals
singly or collectively respond to and manage multiple biophysical processes to generate
human welfare, with consequent changes in the stocks and qualities of natural resources (Bar-
bier 1996; Barbier and Bergeron 1998, 1999; Bouman et al. 1998; Kruseman et al. 1995;
Ruben, Kuyvenhoven, and Kruseman 2001; Sanchirico and Wilen 1999, 2001; Smith 2001).
Bioeconomic models explicitly identify and account for changes in biophysical input (for ex-
ample, soil nutrient) availability, their impact on crop growth, and how this affects economic
decisions about land use management, which in turn alters input stocks for the next period.
Traditional farm accounting models (as in Gittinger 1984) and activity analyses often overlook
or oversimplify biophysical factors or the way in which they affect, and are affected by, man-
agement decisions over time (Tomich et al. 2001).%°

For a review of farm modeling approaches used in the context of deforestation research, see Kaimowitz and
Angelsen 1998.

62
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Structure of the Model

Figure 4.1 depicts the model’s basic struc-
ture. (An algebraic presentation and de-
scription of the model appears in Appendix
B.) The model characterizes the resource
use decisions of an archetypical farmer who
is endowed with land, labor, and cash. The
farmer’s objective is to maximize the dis-
counted value of the household’s consump-
tion stream over a set time horizon via pro-
duction of agricultural and extractive prod-
ucts for home consumption and sale. The
farmer faces an array of technology- and

endowment-related constraints (including
soil quality and how management changes
it) and must consider the financial benefits
of various activities, including sale of
household labor or hiring of nonfamily
labor for agricultural purposes. In the
model, the farmer knows (1) all relevant
production parameters for alternative sys-
tems and the input use and yield implica-
tions of alternative ways of producing
them; (2) the effects on soil nutrient avail-
ability of different cropping systems and the
implications for crop yields of changes in

Figure 4.1 Bioeconomic structure of the model
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nutrient availability; and (3) input and out-
put prices, including costs of labor hired in
and returns to family labor hired out. The
model thus does not account for risk. As de-
picted in the bottom section of Figure 4.1,
future land use decisions are conditioned by
past decisions, which alter the composition
and quality of household resources avail-
able to support economic activities. While
the model allows off-farm labor activities, it
does not incorporate nonagricultural invest-
ment (for example, schooling). It also does
not explicitly include preferences (a utility
function), but does include a subsistence
constraint, in that resources to meet mini-
mal consumption needs (as identified by
household demographics and local food
habits) must be available in each period.
Since leisure time in each period is imposed
as part of this subsistence constraint (again
based on usual patterns in the area), house-
hold consumption of leisure does not shift
as incomes change. Family demographics,
farm size, and farm ownership remain con-
stant over the time horizon, implying that
households with these characteristics will
be managing these farms throughout the pe-
riod (and any transfer is costless in terms of
resources available, including time). The
time horizon in simulations in this report,
unless otherwise stated, is 25 years, suffi-
cient time to capture farm-level adjustment
to scenarios presented here as well as to
assess the model’s stability under these
conditions.

Cleared and forested land can be put to
various types of uses, but their profitability
will be conditioned by yield drop-offs as
soils degrade or the increased cost of cor-
rection via purchased inputs. Because of
the biomass burn, land taken out of forest
can initially go into any production activity
without need for purchased inputs. How-
ever, if land is put into annual crops, severe
yield declines will occur after three years at
most. Without the addition of external in-
puts, farmers will be forced to switch to fal-
low or to pasture.

Initial Conditions

The model has an explicit set of farm and
farm household characteristics that indicate
starting points, in terms of land already in
use (for example, area in pasture) and farm-
and household-specific constraints (for ex-
ample, family size), that influence alloca-
tion of land, labor, and cash to alternative
land uses. Table 4.1 presents initial condi-
tions for two types of farms/households:
farm type A is closer to markets, better cap-
italized, and smaller, but it has slightly more
working age adults and dependents; farm
type B is farther from markets, poorer,
larger, and its household size is smaller (but
has a higher ratio of working age members
to dependents).’’ At the time of the study,
land use on type A farms averaged 28 per-
cent of farm area already cleared, broken
down into 15.0 percent (9 hectares) in pas-
ture, 4.2 percent (2.5 hectares) in annual
crops, 2.5 percent (1.5 hectares) in

S!Initial conditions were derived from field data collected in 1994 from the Pedro Peixoto settlement project in
Acre. Farms were clustered on the basis of characteristics deemed to be exogenous to farmers’ land use deci-
sions as characterized by the model (for example, soil type, distance to market, and age of settlement of land).
Each cluster can be thought to represent a farm type. The average farm and household characteristics for a rel-
atively well-situated farm type in terms of access to markets (farm type A) were used as the initial conditions to
generate the model baseline. This cluster of farms was dominated by soil types of medium quality—that is, soils
with some inherent restrictions to agricultural productivity (fertility problems, mild slope, or rockiness, or a com-

bination of these problems).
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Table 4.1 Farm and farm household initial conditions for the hioeconomic model

Baseline values for farm types A and B

Characteristics A B
Markets, transactions, and prices®
Labor transactions
(maximum number of person-days/month)
Hired 15 10
Sold 15 10
Milk quota (maximum liters sold/day) 50 0
Product price Wedgeb (%) 15 20
Input price wedge (%) 20 25
Cattle price wedge (%) 25 30
Agricultural credit (reals) 0 0
Technology available®
Rudimentary (v1) (vl)
Improved v2) v2)
Brazil nut production (latas/hectared) 1.0 1.50°
Brazil nut production (person-days/lata) 0.5 0.5
Transportation
Transport time (days/round trip to market)
Ox, dry season 1.52 .88
Ox, rainy season 2.03 3.83
Truck, dry season 0.63 1.00
Truck, rainy season 0.78 1.00
Transport cost (round trip to market)
Truck (R$) 91 104
Household assets, liquidity, and expenses
Food storage capacity (kilograms) 2,000 2,000
Minimum near cash maintained (reals/season) 500 500
Initial cash balance (reals in year one) 250 250
Minimum expenses (reals/month) 118 88
Initial forest reserve (hectares) 43 67
Initial cleared land (hectares) 17 23
Adult male family laborers 1.63 1.42
Other family laborers (adult male equivalents) 1.47 1.05
Sample size 25 26
Share of sample (%) 43 45

Source: IFPRI/Embrapa/ASB field data.

Notes:  Farm type A is closer to markets, better capitalized, and smaller, and it has slightly more working adults
and dependents. Farm type B is farther from markets, poorer, larger, and its household size is smaller.
V1 refers to traditional agricultural activities that make little use of purchased inputs; V2 refers to in-

termediate activities using some purchased inputs
Unless otherwise stated, all prices are reported in terms of 1996 Brazilian reals.

®Farmers cannot buy and sell particular commodities, inputs, or livestock at the same price in the mar-
ketplace; limited volume, market links, and product quality issues usually establish a “wedge” between
product sale and purchase prices. These price “wedges” were estimated from field information and are

included in the model as initial conditions and maintained throughout.
°For descriptions of production technologies, see Appendix B.

4A lata is a unit of measure for Brazil nuts and other products in the Amazon: 1 lata =10 kg. or 18 liters

fluid measure.

“Higher productivity in Brazil nut collection on larger and more distant farms reflects higher natural

productivity of Brazil nuts in larger forest blocks.
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perennial crops, and 6.6 percent (4.0
hectares) in secondary forest fallow; type B
farms had slightly less cleared land and
were slightly more dependent upon pasture.
Half the sample households fell into each
category. This report focuses on type A
farms because trends suggest steadily im-
proving links to markets for farmers in
these settlement areas (see Carpentier,
Vosti, and Witcover 1999 for results regard-
ing type B farms). The model uses relative
prices from 1994, except for policy simula-
tions that use 1996 prices. It implicitly in-
corporates a model of price expectations in
which the farmer expects the price vector
relevant for the current agricultural year to
match that of the recently finished year for
outputs, supplemented by expectations of

input prices taken from prices observed
close to actual time of purchase or use.

Soil Quality

Soils in the area, while generally of poor
quality for agricultural purposes, are hetero-
geneous in ways that affect yields and the
length of time agricultural activities can be
practiced on particular plots of soil; they re-
quire different types of external inputs to
correct them (Lewis et al. 2002). Results
from soil chemical tests from the project
area are summarized in Table 4.2. Based on
the tests, three categories of soils (good,
medium, and poor quality) were identi-
fied.”®> Amendments to correct for inherent
soil infertility or other problems cost money
and time to apply, and they may benefit
weeds as well as crops, implying higher

Table 4.2 Three soil quality groups representative of Pedro Peixoto soils

Cmole/dm’®
Soil P \4 m
Quality pH (mg/dm3) K Ca Mg S Al H+A1 T (%) (%)
Poor 44 005 02 0.1 035 23 511 546 6.4 86.8
Medium 5.1 5 036 24 15 426 04 33 756 56.3 8.6
Good 6.6 7 067 44 13 637 01 13 7.67 83.1 1.6

Sources: Soil samples were collected and analyzed by Angelo Mansur and Tarcizio Ewerton Rodrigues. Tamara
Gomes and Chantal Line Carpentier generated soil quality categories. N = 61.

Notes:

This table of soil characteristics should not be viewed as static or as being independent of land use.

Soil characteristics change over time, especially when land is converted from forest to agriculture;
hence, the values of the soil characteristics noted here and others (especially those related to soil phys-
ical properties) will in part depend on the land use history of sampled plots. pH refers to the level of
acidity (neutral range = 6.6 to 7.3); P refers to levels of available phosphorus in soils (average range =
11 to 30 mg/dm3 ); K refers to levels of available potassium in soils (average range = 0.13 to 0.38
Cmole/dm®); Ca is calcium; Mg is magnesium (average range for Ca + Mg, = 2.1 to 6.0 Cmole/dm®);
S is the sum of Ca, Mg and K (average range = 2.6 to 5.5 Cmole/dm3); Al is aluminum (toxicity be-
gins at about 0.3 Cmole/dm3); H + Al measures potential acidity; T measures the sum of cation ex-
change in soils (T = S + H + Al, moderate range = 5.1 to 15.0 Cmole/dm3); V measures base satura-
tion (V=(100 S)/T, average range = 51 to 70); and m measures aluminum saturation (levels above 50

percent can cause production problems).

5230l samples were taken from land under different uses (such as forest, annual crops, perennial tree crops, and
pastures), but priority in the analysis of soil samples was given to samples taken from pastures and forests. The
soil quality categories presented here were derived on the basis of the results of the analysis of this priority

subset.
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labor costs to control weed growth. The
model weighs these financial considera-
tions in determining product mix and pro-
duction technology (and implicitly the use
of purchased inputs). Unless otherwise
stated, simulations assume medium-quality
soils throughout the farm; implications for
results of soil quality differences are ex-
plored in the section on sensitivity analysis.

Translating Soil Quality Indicators
into Yield Coefficients
Interviews with farmers located on soils
where soil testing was done (or located on
soils judged by soil scientists to be similar
to those), combined with expert interviews
with extension agents and scientists were
used to estimate crop- and technology-spe-
cific yield coefficients for each of the three
qualities of soils prevalent in the sample.
The model specifies three types of tech-
nologies for most products: V1 being the
most rudimentary technology, with no pur-
chased inputs used; V2 being a more ad-
vanced technology, using some purchased
inputs; and V3 being the most advanced
and using relatively large amounts of pur-
chased inputs. All technologies have con-
stant returns to scale, and there is no substi-
tution among inputs for a given technology
(although expanding the range of fixed-
coefficient technologies available to the
farmer for a given product does permit a
kind of substitution). Table 4.3 identifies
crops included in the model and reports the
yield coefficients estimated for each
product-technology-soil combination by
this participatory assessment of the impact
of soil quality on peak-year crop yields
using different production techniques.>
The peak-year yields reported in Table
4.3 can vary over time for given plots of

land, except those associated with V3 tech-
nologies, which (by design) correct soil
chemical imbalances prior to planting and
annually replenish soil nutrients depleted
during production. The most commonly
encountered production technologies in the
field (V1 and V2 technologies) all experi-
ence yield declines when practiced on the
same plots over time, and these yield de-
clines were measured for inclusion in the
model. Figure 4.2 depicts yield declines as
a result of nutrient deficiencies, for a rota-
tion involving intercropped rice and corn
followed by beans, using (low-level) V1
production technology. With no external
inputs, yields for this technology drop to
zero after year two for rice and beans and
after year three for corn. Similar yield
drop-off patterns occur for V2 technologies,
but first-year yields are higher for these
more intensive cropping systems. Yield
drop-off rates are similar for given product-
technology combinations across all soil cat-
egories (based on the field experience of
soil scientists, with acknowledgment that
data were lacking to substantiate this).

For pasture, farmers may choose the
area’s most prevalent planted pasture
(brizantdo) alone, with two different levels
of herd management techniques (V1 and
V2). V2 involves more extensive health
care, separation from herd of lactating
calves and their mothers, and pasture rota-
tion. The other option is brizantdo in asso-
ciation with the nitrogen-fixing species
kudzu (pueraria) (which requires V2 man-
agement techniques). Figure 4.3 docu-
ments seasonal gaps in carrying capacity
for the pasture management combinations,
as well as the earlier drop-off in carrying ca-
pacity associated with the pasture-alone
system versus the pasture-with-kudzu

>3Peak yields for annual crops occur during the first year of planting; these first-year estimates are used to com-
pare yield effects across soil quality categories. However, annual crops produced using V1 and V2 technologies
experience significant, and different, yield declines over time. This issue is examined in some detail below for
annual crops, and it is also taken up in a footnote to Table 4.3.
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Table 4.3 First-year crop yields, by technology level and by soil quality

Monoculture® lntereroppedb

Crop/soil quality \% | A\ v3? \% | A\
Rice (kilograms/hectare)

Poor 1,500 3,400 620 488

Medium 2,000 3,400 799 1,300

Good 2,500 3,400 992 1,642
Corn (kilograms/hectare)

Poor 2,000 3,500 488 800

Medium 2,500 3,500 640 900

Good 3,000 3,500 800 1,000
Beans (kilograms/hectare)

Poor 500 1,500 202 500

Medium 800 1,500 390 800

Good 1,000 1,500 565 1,000
Manioc® (tons /hectare)

Poor 17 17

Medium 19 19

Good 22 22
Coffee’ (kilograms/hectare)

Poor 500 3,500

Medium 970 3,500

Good 1,200 3,500
Bananas (bunches/hectare)

Poor 800 1,300

Medium 800 1,300

Good 800 1,300

Sources: Productivity parameters were generated on the basis of meetings with farmers’ groups, extension
agents, and agricultural researchers. V1 intercropped parameters were first estimated from field data
and then verified by meeting participants.

*V1 annual food crop monocultural technologies are neither practiced by small-scale agriculturalists in
the sample area nor selected in the model simulation and have been omitted from the table.

°v3 intercropping technologies are not practiced by small-scale agriculturalists, nor is their develop-
ment contemplated by agricultural researchers; therefore they do not appear in the table.

“V2 monocultural and intercropping technologies make use of some pesticides, primarily insecticides,
but do not use chemical fertilizers.

4v3 monocultural technologies make use of both pesticides and chemical fertilizers, adjusting use of
the latter to compensate for inherent differences in soil quality; hence, V3 technology yields do not
vary across soil quality categories.

“Manioc yields are identical for V1 and V2 technologies.

ields for coffee and bananas begin low, increase over time, and then drop off, and the yield drop-offs
are much quicker for V1 technologies than for V3 technologies. Yield figures for coffee and bananas
represent peak yields achieved for these crops (plateau yields for V3 technologies, over the productive
life of the plant); yield peaks/plateaus are achieved for V1 coffee in year three, for V3 coffee in year
four, for V1 bananas in year three, and for V3 bananas in year four. During the establishment
phase, coffee is often intercropped with rice and beans; mature coffee is generally cultivated as a
monoculture.
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Figure 4.2 Yields for intercropped annual crops, using V1 technology
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system. Declines occur even earlier when
herd management on pasture alone is at the
lowest (traditional) level. The drop-offs in-
dicate that, given other conditions, these
carrying capacity levels constitute over-
grazing (the degree of overgrazing built into
technology choice and the number of op-
tions is based on farm interviews, so the
amount of overgrazing is not a freely cho-
sen variable in each year for the farmer).
For more detail on these pasture systems,
see Vosti et al. (2001a).

The model also includes soil nutrient re-
covery rates, allowing tree-based fallows to
recover a fixed proportion of lost nutrients
each year, achieving complete recovery
(nutrient level commensurate with forest)
after five years. These nutrients are avail-
able for agriculture if the fallow is cleared
and burned.

Market- and Policy-Related Site
Characteristics

In addition to capturing market prices for
inputs and outputs from the farm perspec-
tive, the model limits certain input and
product flows on and off farms to reflect
market imperfections. Except where re-
strictions are explicitly lifted, they apply to
all the simulations presented. While the
model assumes that all output is potentially
marketable, quotas, imposed by processors
at the time of the survey, reflect marketing
bottlenecks that still persist on the research
site. Quotas constrain milk sales to 50 liters
per day. Hired labor that can be acquired in
any given month is limited to 15 person-

days, reflecting labor scarcity in the area.
The only credit in the model is borrowing to
meet seasonal subsistence needs, in keeping
with survey responses regarding access to
credit (as opposed to prevalence of loans).
The model includes some forestry policies
but excludes others to reflect the policy set-
ting in the western Brazilian Amazon re-
garding the degree to which forest areas are
available for economic activity. For exam-
ple, in the model, small-scale farmers are
not allowed to harvest timber products from
their forested land.** In addition, a 50 per-
cent rule mandating that no more than half
of any farm be cleared for agricultural pur-
poses is not enforced in the model simula-
tions presented here, except those simula-
tions addressing this specific policy issue.”

Model Baseline: A Test of
the Sustainability of Small-
Scale Agriculture at the
Forest Margin

The farm-level bioeconomic model can
track resource use strategies adopted by the
archetypical household over a 25-year time
horizon using a whole-farm perspective,
given household choices among many pos-
sible activities at several different levels of
technology and mimicking the constraints
they face. The results of baseline model
simulations are compared with field data on
land use and forest retention for a cross sec-
tion of farms of different “ages,” beginning
with those opened around 13 years prior to
the study (the archetypical farm’s point of

54Although technically permissible by law, the bureaucratic obstacles to obtaining official permission to sustain-
ably harvest timber products in farmers’ legal reserves have been, in practice, insurmountable, and have indeed
made any on-farm timber extraction difficult. Recent changes in certification requirements may, in the future,

reduce these costs.

>>The federal law obligating landowners to retain 50 percent of their holdings as forest reserves (reservas legais)
and to obtain deforestation permits for all forest felling is Law Number 4.771, dated September 15, 1965, of the
Cdédigo Florestal Brasileiro. This law was modified in 1997 by a presidential decree, which stipulated that in
states lacking approved zoning plans, farms must retain 80 percent of their land in primary forest. Small-scale
farms were eventually exempted from this decree, but a more recent decree removed the exception. In practice,
many farmers retain less than 50 percent (or 80 percent) of their private forest reserves, and fines are rarely as-

sessed on smallholders.
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departure). The progression of predicted
uses of cleared land and the amount of for-
est retained on the archetypical farm in any
given year of the 25-year simulation did not
deviate substantially from average patterns
observed on sample farms of comparable
age and size, but the progression was
slightly more rapid.* This jibes with expec-
tations that including risk and accounting
for farm turnover, particularly at the onset
of the settlement period, would slow defor-
estation rates from those modeled here.
The effect of including off-farm invest-
ments outside agriculture on modeled de-
forestation rates is ambiguous over the time
horizon in question, however. It would take
pressure off the forest by diverting re-
sources out of the agricultural sector in the
shorter term, but the returns could be rein-
vested in the agricultural sector if this were
more profitable, accelerating deforestation.
The effects of risk and investment
assumptions are discussed more fully in the
section on model assumptions and their
implications.

This discussion focuses on three sets of
indicators: land uses (implicitly including
deforestation) and economic activities,
labor uses, and farm profits.”

Figure 4.4 depicts the land uses gener-
ated by the model for a 25-year time span
under baseline conditions (a well-situated
farmer with medium-quality soils under the
market and policy setting for Pedro Peixoto,
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Acre). Several results emerge from this
baseline. The amount of forest retained is
clearly declining over time, finally disap-
pearing in about year 25, despite the small
but positive revenue provided by the ex-
traction of Brazil nuts (an activity currently
undertaken by about half of sample farms).
In terms of area, cattle production is the
dominant activity, and pasture to support it,
mostly brizantdo combined with kudzu,
eventually occupies about 85 percent of the
farm. Annual crop production occupies
about 8 percent of the farm throughout the
25-year time horizon, with V1 (lower tech-
nology) systems of intercropped rice and
corn coexisting with V2 (higher technol-
ogy) rice alone. The farmer does not
choose to grow any perennial tree crops
(coffee and banana are options)—only
manioc (classified in the model and figure
as a perennial because its production cycle
spans more than one year). Manioc takes
up about a hectare of land over time, and
secondary fallow weaves into and out of the
baseline land use scenario, becoming sig-
nificant as forests disappear completely.
The dominance of pasture on the arche-
typical farm merits a closer look. Figure
4.5 depicts three types of cattle (milk cows
and beef cattle in animal units (AU), and
calves), and the total pasture available for
maintaining the herd at different points in
time.®® The model replicates the dual
dairy—beef operations prevalent in the

The model is also validated by testing its stability to changes in prices and other parameters and comparing

shadow prices on constraints to prices in the model. Some of these validation results appear later in this chapter
as policy simulations or are referred to in the discussion in the section on model sensitivity to changes in pa-
rameters.

3"This section on baseline results contains figures and discussions (for example, labor hired in and cattle herd dy-
namics) that, to save space, are not replicated in sections on model stability or policy experiments. In addition
to information presented here on farm profits, the model generates output on savings and consumption (the ele-
ment maximized in the model). The model also generates information on yearly total crops produced, consumed,
kept in stock and sold; grains and beans bought for consumption and to use as seeds; nitrogen in cultivated and
forested areas; equipment stock and purchases; and transportation means and months to bring crop sold to the
market. For details, see Appendix B.

5%The conversion of “heads” to animal units (AU) is as follows: calf = 0.25 AU, heifer = 0.5 AU, cow = 1.0
AU, bull = 1.25 AU, and an ox = 1.5 AU (EMATER and Embrapa 1980). The bioeconomic model does not allow
overgrazing, but underutilization of pasture is permitted.
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Figure 4.4 Land uses, baseline scenario
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Figure 4.5 Cattle herd dynamics and pasture carrying capacity, baseline scenario

Animal units

(dry season)

60

50

40

30

20

10

___—-—./—"“

,"------..
Smm

Years

------ Milk cows Beef cattle

Calves === Pasture carrying capacity



A FARM-LEVEL BIOECONOMIC MODEL 73

sample. Dairy production begins early in
the 25-year scenario and plays an important
role throughout. Once the milking herd is
established (say, by year 10) roughly 77
percent of income is derived from dairy op-
erations. These dairy operations occupy an
average of 42 percent of available house-
hold labor in each month except May, when
pasture and animal care account for 128
percent of available household labor, im-
plying that 15 person-days (the maximum
allowed by the model) must be hired in.
Beef cattle production emerges in year 9,
and its contribution to income peaks in year
18, at which time it represents 25 percent of
household income but on average occupies
just 4 percent of available household labor
each month.

Extractive activities are a constant but
diminishing source of income to smallhold-
ers in the baseline run.”® Figure 4.6 depicts
this steady decline in extractive activities.

Labor emerges as a critical determinant
of land use and deforestation. An unlimited
labor supply at 1994 wage rates would
mean a quick and complete deforestation.
The constraint on hiring in or out more than
15 person-days per month shows that labor
markets are not perfect in these remote
areas. Labor can be hired in and hired out
simultaneously in a given month. Only
adult male labor can be hired in or out, and
some tasks can only be performed by adult
males. Households generally cannot hire as
much labor as they want and can afford (the
labor constraint frequently binds). Figures

Figure 4.6 Extractive activities on small-scale farms, baseline scenario
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The supply of Brazil nuts is directly linked to the amount of forest cover remaining on farms. The same sur-
vey data from 1994 used to identify farm types were also used to estimate Brazil nut off-take.



74 CHAPTER 4

Figure 4.7 Labor hired in, by month, baseline scenario
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Note : April, May, and June are the only months when labor is hired in.

4.7 and 4.8 depict monthly labor purchases
and sales, respectively, by month, for the
25-year baseline scenario. Labor purchases
in May for deforestation, fence construc-
tion, and maintenance almost always reach
the established limit. Labor purchases in
February and in April for annual crop pro-
duction often reach the 15 person-days per
month limit, too.

The model suggests that households
will generally take maximum advantage of
off-farm labor opportunities, almost regard-

less of season.” Indeed, as Figure 4.8 sug-
gests, during June, July, and August, the
household sells as much labor as it is al-
lowed. Labor is seldom sold off-farm in
February, April, or May, and depending on
the year of the simulation period, some
labor is sold in the remaining months, but
not up to the established limit.

Figure 4.9 depicts monthly labor use on
the farm (again, measured in person-days
for both hired and family labor) by class of
activity, for year 10 in the 25-year baseline

60Wages vary seasonally in the model: during peak season months (May and June), the daily wage is R$7.00 per
day; in relatively high demand labor months (March and April), the wage is R$5.60 per day, and the wage for
off-peak months is R$3.70 per day. When the farm household hires labor, a 12.5 percent wedge per day is added

to the wage to reflect supervisory costs.
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Figure 4.8 Family labor hired out, by month, baseline scenario

scenario. Labor use patterns vary over the
25-year baseline scenario, but the important
elements of these patterns are captured in
the figure for year 10.

This figure reflects the agricultural cal-
endar for the products selected in the model
(month 1 is May). Dairy and livestock ac-
tivities take up fairly constant proportions
of household and hired labor. Pasture es-
tablishment takes place in December
(month 8 in Figure 4.9), with maintenance
activities spread through October (6), Feb-
ruary (10), April (12), and especially May.
Deforestation takes place primarily in June
and July (2 and 3). Annual cropping activi-
ties absorb some labor in all months except
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ruary, March, and April, the harvest
months.

The model generates several measures
of financial returns for each simulation.
Figure 4.10 depicts the net value of total
output, by source, for each year. Dairy and
livestock activities contribute most to this
measure of income beginning in about year
4, with annual crops next but much lower in
importance. Net labor receipts (value of
labor sold minus the value of labor hired in)
contribute a fairly important share during
the first couple of years and remain constant
(but small) thereafter.

Figure 4.11 depicts farm profits (con-
sumption plus savings; the latter can be
negative). Profits are net of the cash value
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Figure 4.9 Labor use, by activity and month, for year 10 of the 25 year baseline scenario
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Figure 4.10 Net value of total output by source, baseline scenario
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Figure 4.11 Farm profits and savings by year, baseline scenario
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of basic food needs and cash required for
minimal living expenses, with minimum
consumption in the model determined by
regional food habits and household size.*'
Savings during the first few years allow for
subsequent investments that boost con-
sumption in later years. Large investments
(negative savings) are required in years 5,9,

H Savings

and 11 to expand pasture areas. Nominal
profits plateau at about year 13, at a level of
approximately R$9,000.” The net present
value of the 25-year profit stream is
R$50,635 (at a 9 percent discount rate),
yielding an annuity value of R$2,025
(R$50,635 divided by 25, the number of
years in the simulation).*®

8'Farm households were asked how much they spent per month on fixed expenditures such as sugar, salt, cook-
ing oil, clothes, and hoes. Households are required to have on hand sufficient food (either in-kind or in cash to
purchase it) to feed family members each season (seasons were six months long, one rainy and one dry). Bor-
rowing (that is, negative savings) to meet consumption needs is allowed, but must be repaid by the end of the

calendar year in which the loan is taken out.

2This figure and the rest in this report are in 1996 prices, when the Brazilian real (R$) was worth about US$1.00

(World Bank 1997).

53The 9 percent discount rate was selected in consultation with local researchers and farmers and does not reflect
variation among smallholders in cost of capital due to varying circumstances and access to credit. The sensitiv-
ity analysis, however, reveals that land use patterns seen in the baseline were robust across a range of discount

rates.
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For an average family (mean size 5.6
people), these financial benefits amount to
an annual value of R$1,619 per capita
(undiscounted) once profits hit their
plateau, and approximately R$364 per
capita (discounted) per year smoothed over
the 25-year horizon (based on the above an-
nuity value). Although the model contains
simplifying assumptions that make compar-
isons with profits from other sources sub-
ject to caveats,”* this annuity figure falls
considerably below the Brazilian 1995 per
capita GDP of approximately R$3,640, but
above a World Bank (1997) estimate of its
poverty line, R$269 per person (Faminow
etal. 1999). Financial incentives could thus
exist for the poorest in Brazil to migrate to
the area to establish small-scale agricultural
enterprises (but costs of migration, reestab-
lishment, and risk associated with migration
and subsequent agricultural activities would
have to be fully assessed to verify this).

The baseline suggests that the farming
systems characterized by the model facing
prices and technologies reflecting condi-
tions on the ground at the time of the 1994
survey will result in complete deforestation
in about 25 years.® This archetypical farm
would thus fail any test of sustainability that
requires that some area remain in primary
forest but pass aspects related to sustaining
livelihoods, demonstrated by the increased
and sustained flows of income generated by
combinations of agricultural, extractive,
and off-farm activities over the model’s
time horizon.

Responses to Changes in
Factor Endowments and
Critical Model Constraints

The model is tested for sensitivity to
changes in key parameters, including those
known to vary by farm household (for ex-
ample, soil type and farm-gate prices) or
those that represent one reflection of local
market conditions (for example, constraints
on the volume of monthly labor flows or the
discount rate).

Sensitivity to Labor Constraints
and the Discount Rate

The model is extremely sensitive to
changes in the amount of labor that can
flow onto farms. Unlimited supplies of
labor, even at a relatively high market wage
rate in 1994 (R$7.00 per person-day), trans-
late into rapid rates of deforestation. Sensi-
tivity analysis indicates, however, that de-
forestation rates and patterns of use of
cleared land did not change even with size-
able changes in the discount rate (up to 21
percent) because the biophysical and other
constraints in the model severely limit land
use and technology options. This situation
captures the gist of the situation for the real
life counterpart of the archetypical farmer
seeking to meet food security needs and
maximize profits, who has little latitude in
selecting land use patterns or changing es-
tablished ones in response to a drastically
higher discount rate. As the section on
model assumptions discusses, farmers

54The baseline profits may fall in the upper range of likely conditions on the ground that the model does not ac-
count for risk and does not incorporate results for farmers less well situated vis-a-vis markets (described in Car-
pentier, Vosti, and Witcover 1999). Additional profit could come, however, from realistic off-farm investment
opportunities (not currently an option in the model). The model simulations presented below do not explicitly in-
volve changes in these dimensions vis-a-vis baseline conditions. Results can be compared across scenarios with
the caveat that some bias may be introduced to the extent that assumptions affect scenarios differentially. These
topics are discussed in the section on model assumptions and their implications.

85Recall that this rate of deforestation may be an upper bound because of model assumptions regarding risk and
farmer turnover, plus the fact that the model depicts only farmers who are well situated vis-a-vis markets

(roughly half of the sample).
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Figure 4.12 Land uses with poor-quality soils
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nevertheless have more choice than a sim-
plified model can reflect.

Sensitivity to Soil Quality

The bioeconomic model is run using the
crop yield coefficients for the other levels
of soil quality. Figure 4.12 presents aggre-
gate land use categories (and implicit defor-
estation patterns) for small-scale farms lo-
cated on poor soils with generally lower
yields.® Compared with the baseline
(medium-quality soils and land uses de-
picted in Figure 4.4), deforestation is only
slightly slower, especially after year 10, re-
sulting in a small patch (about 1 hectare) of
primary forest remaining in year 25 (the

[ Pasture

B Annual crops

Il Sccondary fallow

baseline had no primary forest at that
point). The farm with poor-quality soils
dedicated even more land to pasture and
less to annual crop production and second-
ary fallow than in the baseline run, and it
did not resort to application of chemical fer-
tilizer. The farm with poor soil quality had
a net present value of profit over the 25-
year simulation time horizon of R$44,132,
about 15 percent lower than the R$50,635
earned under the medium-quality soil of the
baseline scenario.

Figure 4.13 presents aggregate land use
categories and deforestation patterns for
small-scale farms located on good soils
with generally higher yields. Deforestation

®Initial runs of the model for poor soils yielded infeasible solutions, probably due to the inability of smallhold-
ers to feed their families adequately, which the model requires. Small amounts of additional cash had to be
“added” to the initial conditions for the poor-quality soil runs to avoid this problem.
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is still slower than in the baseline scenario,
although almost negligibly so, about 3
hectares of primary forest remaining in year
25 (versus zero for the baseline at that
point). Regarding use of cleared land, the
farm with good-quality soils has slightly
more area dedicated to annual crop produc-
tion than the baseline, and makes slightly
greater use of secondary fallow. The net
present value of profit over the 25-year sim-
ulation time horizon for the good-quality
soils simulation is R$60,478, or about 20
percent higher than the R$50,635 earned
under the baseline scenario.

Deforestation patterns are therefore
similar for both good and poor land, but
with substantial income differences: a farm
with good-quality soil can generate about
35 percent more income than one with
poor-quality soil. Regardless of soil qual-

Figure 4.13 Land uses with good-quality soils
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Sensitivity to Price Changes

Variations in prices can affect deforestation
and especially the use of cleared land
(Barrett 1999).¢" Table 4.4 presents changes
in market prices for important agricultural
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87See Dahl (1998) for details of price trends and volatility for major agricultural products in the Acre study site.
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products and inputs over the sample period
1994-96. A baseline simulation (with
medium-quality soils and 1996 prices) is
run to assess the impact of some fairly dra-
matic changes in relative prices since 1994,

Table 4.4 Farmgate prices, 1994 and 1996

especially for coffee (a 411 percent in-
crease) and labor (a 43 percent increase).®®
Figure 4.14 depicts land uses for a 25-year
simulation using 1996 rather than 1994
prices. Deforestation rates are substantially

Farmgate prices (1996 RS)
Change (%)

Commodity/input Price per 1994 1996 1994-96

Commodity
Rice Kilogram 0.27 0.20 -26
Corn Kilogram 0.15 0.17 13
Beans Kilogram 0.51 0.52 2
Coffee Kilogram 0.28 1.43 411
Brazil nuts 18 kilograms 2.60 3.20 23
Bananas Bunch 0.87 1.94 123
Timber Meter® 110.00 120.00 9
Calves® Head 102.00 134.00 31
Cows" Head 210.00 290.00 38
Beef* Head 350.00 364.00 4
Milk® Liter 0.36 0.40 11

Input
Rice seed Kilogram 1.74 1.80 3
Corn seed Kilogram 1.72 2.40 40
Bean seed Kilogram 2.27 2.40 6
Coffee seedlings Each 1.00 0.30 -70
Grass seed® Kilogram 2.36 2.36 0
Kudzu seed® Kilogram 11.60 10.00 -14
Sacks Each 0.85 0.65 -24
Pesticides (weed and insect)  Kilogram 24.00 21.60 -10
Nitrogen fertilizer® Kilogram 1.21 1.08 -10
Chainsaw Purchase price 1,441.00 841.00 -42
Oxen and cart Purchase price 1,525.00 1,120.00 -27
Chainsaw rental rate Rental and operator 37.00 50.00 35
Fence cost” Kilometer 302.00 307.00 2
Animal care® Per animal unit 5.18 4.14 -20
Wage rate June 7.00 10.00 43
Bull* Purchase price 823.00 823.00 0
Timber transport Meter’ 15.00 10.00 -33
Truck rental Trip to market 91.00 91.00 0

Sources: The price vector labeled 1994 is the vector of prices judged to influence 1994 land uses and reflects
market prices for the agricultural year 1992/93. Likewise, 1996 prices represent market prices for the
1994/95 agricultural year. This terminology is used throughout this section. All prices reflect values
for average-quality products and inputs for that region; regional product quality is not high by national

standards, especially for coffee.
*V1 technology.

°All technologies.

V2 technology.

43 technology.

%Note that livestock product prices rose, but not so dramatically, and the price of one key annual crop dropped
substantially, while prices for inputs other than labor dropped, except for annual crop seeds.
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reduced largely because family and hired
labor are reallocated to establish and main-
tain coffee plants.” The impact of increased
labor requirements for coffee (primarily
during harvesting) is reflected in the rapid
decline in deforestation after about year 7,
when the substantial coffee area established
during years 1 to 6 comes into full produc-
tion. Still, at year 25, forest is still declin-
ing and pasture increasing its area, while
area allocated to annuals and perennials re-
mains somewhat stable. Under the 1996
price scenario, farm income increases sub-
stantially, to R$80,719 (from the 1994 price
baseline NPV of R$50,635).

Table 4.5 summarizes the general ef-
fects of changes in key model parameters
and initial conditions on three important
outputs—deforestation, use of cleared land,
and household income.

Technology and Policy Ex-
periments Using the Model

This section reports results of several policy
experiments run using the bioeconomic
farm model. In each case, one or more im-
portant model parameters or constraints are
modified for the entire 25-year simulation
period. Experiments are designed to ad-
dress key policy issues in the western

Figure 4.14 Land uses, baseline simulations using 1996 prices
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%Note that increased wage rates under this scenario raise costs of forest felling as well as costs of production on
cleared land, but the farmer is still limited by the hired labor constraint during the year.
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Table 4.5 Summary of sensitivity analysis for the linear programming model

Does this variable affect

Variable Deforestation Use of cleared land Income
Soil quality No No Yes
Labor availability Yes No Yes
Prices No Yes Yes
Discount rate No No No
Distance to market Yes No Yes
Market access Yes Yes Yes

Brazilian Amazon, specifically (1) effective
implementation of the 50 percent rule, (2)
direct payments to smallholders for retain-
ing forest, (3) permitting small-scale man-
aged forestry, (4) a complete absence of
technological change in agriculture, (5) fer-
tilizer subsidies, and (6) a multiple-policy
scenario simultaneously permitting small-
scale managed forestry and offering a 50
percent subsidy on the price of nitrogen fer-
tilizer. The policy experiments reported use
1994 prices because in 1996 the price of
coffee was at an all-time high and not ex-
pected to remain there, and the rapid in-
crease in real wages was judged unsustain-
able (owing its existence to the Brazilian
Plano Real, the macroeconomic restructur-
ing policy package, important components
of which were abandoned in 1998). The
use of 1996 prices for these experiments
had similar effects to those seen when they
were applied to the baseline. Diagrams de-
picting land use results for the experiments
and reporting differences in other variables
from those examined in detail in the base-
line section are presented subsequently.

The 50 Percent Rule

In the baseline simulation, the federal law
prohibiting deforestation beyond 50 percent
of small farms is not enforced. Once this
land use prohibition is introduced into the
model (maintaining the prohibition on tim-
ber sales of any type), land use outcomes
(depicted in Figure 4.15) vary greatly from

the less-constrained baseline. Once the 50
percent forest law is imposed, farmers
maintain 50 percent of their land in forest,
but they allocate virtually all remaining
land to pasture and livestock production ac-
tivities. Area dedicated to annual crop pro-
duction decreases sharply once the 50 per-
cent limit on cleared area is reached, while
land in the perennial manioc stays roughly
constant. Secondary fallow follows annual
crop production up to about year 15, then
expands slightly. When prohibited from de-
foresting more than 50 percent, the farmer
is forced to choose between pasture and an-
nuals (plus the fallow needed to support
them), and finds pasture more attractive.

With these limits on deforestation, aver-
age annual profits fall to about R$7,000 (a
drop of about R$2,000 per year, compared
with the baseline). Labor hiring patterns
change drastically; labor is hired for tree
felling in May only up to year 9, after which
hiring goes to zero, until small amounts of
labor are hired for felling secondary fallow
areas (again, in May) after about year 18.
The household makes almost full use every
month of the option of hiring out up to 15
person-days of labor. Perhaps most impor-
tant, the composition of livestock activities
changes markedly. While the size of the
dairy herd remains roughly the same as that
of the baseline, under the 50 percent rule
scenario no beef cattle production activities
are undertaken.
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Figure 4.15 Land uses with the 50 percent rule strictly enforced
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At the societal level, private financial
losses to small-scale farmers caused by the
strict enforcement of the 50 percent rule are
at least partially counterbalanced by in-
creases in carbon sequestered and biodiver-
sity preserved. Using mean values for car-
bon measurements for particular land uses
(Palm et al. 2000), the typical farm ana-
lyzed here, in shifting from an uncon-
strained forest use scenario to one which
conserves 50 percent of private forests,
would double carbon stocks from 4,120

O Pasture
[ Secondary fallow

B Annual crops

tons of above-ground carbon under the
baseline at the end of the 25-year period.”
The total private cost to the typical farmer
of this policy is estimated to be R$6,475 =
R$50,635 (baseline scenario) minus
R$44,160 (50 percent rule enforced).

Subsidizing the Conservation of
Forests on Small Farms

Once the issue of compensating farmers for
income losses linked to regulatory policies
(for example, the 50 percent rule) is up for

"This is calculated as follows: (0 hectare x 206 tons/hectare for forest) + (50.6 hectares x 65 tons/hectare for
pasture) + (3.7 hectares x 72 tons/hectare for annuals) + (1.1 hectare x 72 tons/hectare for manioc perennial) +
(4.6 hectares x 84 tons/hectare for secondary forest fallow) = 4,021 tons for the baseline. Using the same method
(and same order of land uses) but different areas coming out of the 50 percent rule simulation: (30 hectares x
206 tons/hectare) + (25.2 hectares. x 65 tons/hectare) + (1.1 hectare x 72 tons/hectare) + (2.9 hectares x 84
tons/hectare) = 8,141 tons. The carbon savings implied by the 50 percent rule are thus 8,141- 4,021 = 4,120
tons. Carbon amounts used here come from measurements taken in Acre, from ASB Brazil via Divonzil
Gongalves Cordeiro. (See Vosti, Witcover, and Carpentier 1998 for details.) Perennials with cycles longer than
manioc (for example, coffee) had slightly higher per hectare carbon measurements (80 tons/hectare).
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discussion, other compensation schemes
that allow farmers to decide the optimal
amount to be saved arise. For example, pol-
icymakers might pay farmers on a per
hectare (or per ton of carbon) basis to retain
forested areas. Alternative uses for forested
land (and their expected returns) will deter-
mine the appropriate price for carbon in
order to maintain a certain amount of
forested land. In the baseline, the private
value of the forest under current policy,
price, and technology conditions is low (the
net value of extractive activities per year is
about R$2.25 per hectare) and leads to com-
plete deforestation in about 25 years. De-
forestation and the use of cleared land
would change as depicted in Figure 4.16 if
farmers were offered R$100 per hectare per
year (or about R$.70 per ton of carbon per
year) for retaining forests. Deforestation is
slowed significantly vis-a-vis the baseline;
therefore, the stock of forest retained in year
25 is 15.6 hectares (versus zero for the
baseline).

Several additional simulations are run to
gauge smallholder response in terms of for-
est retained at higher prices per hectare (or
per ton) (Figure 4.17). Doubling the price
paid to farmers (to R$200 per hectare per
year) leads to about a 56 percent increase in
forest retained in year 25—an own-price
elasticity of 0.56. The per-hectare compen-
sation leads to large increases in household
income.

Small-Scale Managed Forests

Attempting to enforce the 50 percent rule is
difficult and expensive in Brazil, particu-
larly because, as the scenario above im-
plies, farmers have strong financial incen-
tives to behave differently. Increasing fi-
nancial returns to forest activities could re-
duce the ability of regulations to slow or
even halt deforestation (Browder, Matri-
cardi, and Abdala 1996; Uhl et al. 1991),
but only if returns are sufficient to alter land
use patterns, given the demonstrated prof-
itability of annual crop and livestock

Figure 4.16 Land uses with annual payments of R$ 100 per hectare of forest
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Figure 4.17 Trade-offs hetween forest payments and forest retained in year 25
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Notes: “Forest payments” reflect scenarios in which different per hectare payments are made annually to farmers
for each hectare of land retained in forest that year (for example, 150 represents a payment scheme of R$150
per hectare of forest retained in each year, over 25 years; total real annual payments do vary for a given
payment scheme, since farmers hold fewer hectares of forest as time goes on). “Forest remaining on small-
scale farm” represents the stock of forest retained on farms at the end of each 25-year model scenario. Values
are the net present value of the total farm income stream (inclusive of scenario-specific forest payments)

over the 25-year scenario period.

production systems. The model simulates
the simultaneous removal of the 50 percent
rule and the prohibition on the sustainable
extraction of timber products from private
forests.”!  Land uses resulting from this
simulation appear in Figure 4.18. Land
held in forest in year 25 is approximately 10
hectares (versus the baseline of zero area in
forest in year 25), land in annual and peren-
nial (manioc) crop production resembles
that in the baseline, but area in fallow goes
to zero if sustainable timber extraction is al-

lowed. When sustainable timber extraction
is possible, then more forest is retained, fal-
low is eliminated, and pastureland is
slightly reduced.

The managed forest scenario generates
differences in other parameters of interest
vis-a-vis the baseline scenario. Both sea-
sonal labor hiring patterns and the absolute
numbers of person-days hired change.
Much more labor is hired generally (still
subject to the 15 person-day per month
limit), and seasonal labor use patterns

"'This simulation constrains the off-take of timber products to a predetermined rate judged by foresters to be sus-
tainable over a 40-year wood production cycle (10 cubic meters of timber from selected trees per hectare, per
year). No effort has been made here to assess the financial wisdom of adhering to these constraints, which indi-

cates how difficult enforcement might be.
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Figure 4.18 Land uses when sustainable managed forestry is allowed
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reflect large increases in manpower dedi-
cated to timber extraction activities during
the May-September period (dry season),
largely concentrated in July and August
(due to fewer competing activities on farm).
Engaging in small-scale managed forestry
increases farm income, especially during
years 5-9, prior to which substantial start-
up costs reduce cash flow. The NPV of
profit under this policy experiment is ap-
proximately R$55,000; the baseline figure
is R$50,635, about 10 percent lower.

Technological Decay: A Default
Scenario

The model can contribute to the debate
about whether introduction of modern agri-
cultural technologies takes pressure off
forests or increases deforestation, and with
what ramifications for farmer welfare. Fig-
ure 4.19 depicts land use and deforestation
patterns that emerge by constraining the
model to allow farmers to adopt only the

O Pasture
[ Secondary fallow

@ Annual crops

most basic (but still frequently observed)
technologies for deforestation, ranching,
extractive activities, and annual crop pro-
duction (the V1 technologies are described
earlier in this chapter and detailed in Ap-
pendix B). Area in pasture is considerably
lower than under the baseline scenario, with
roughly 10 hectares remaining in forest at
year 25. Area dedicated to annual and
perennial crops expands, with a large in-
crease in secondary fallow land beginning
in about year 13.

These changes in land uses bring dra-
matic changes in other key variables. Aver-
age (undiscounted) annual farm profits fall
by approximately 80 percent (R$1,381 ver-
sus R$6,979). Income sources shift dra-
matically toward annual crops (which pro-
vide approximately 50 percent of the net
present value of total output, compared with
about 20 percent for the baseline). Beef cat-
tle production begins in year 5 instead of
year 9 in the baseline, though the proportion
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Figure 4.19 Land uses with model constrained to low-level technologies
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to that of the baseline. The technologically
constrained farm requires less labor than
does the baseline farm, except during Feb-
ruary, March, and April, when labor
amounts roughly equal to those in the base-
line are now allocated almost exclusively to
annual crop production. Policy implica-
tions are clear: depriving small-scale agri-
culturalists of improved technologies and
market access will slow deforestation over
the short and medium terms, but this envi-
ronmental gain carries with it large reduc-
tions in farmer income and welfare.

Subsidies for Chemical Fertilizers

If, as is sometimes alleged, small-scale
farming operations at the margins of tropi-
cal moist forests are primarily nitrogen-har-
vesting processes by which farmers convert
standing forest into soil nutrients for agri-
cultural production, identifying alternative
and cheaper sources of soil nutrients for
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farmers could take pressure off standing
forests. Scenarios that gradually reduce the
price of chemical fertilizers from 50 percent
of their 1994 market to 25 percent of that
price, to making this input free to farmers
are compared to baseline results (with fer-
tilizer prices at about R$1.20 per kilogram).

Figure 4.20 presents the results of a sim-
ulation involving a 50 percent reduction in
fertilizer prices. Such a reduction slightly
reduces deforestation rates, but the end ef-
fect on the stock of forest in year 25 is quite
small (2.2 hectares versus zero for the base-
line). The net present value of farm house-
hold profit increases to R$55,248 (from
R$50,635 in the baseline).

More striking is the depiction of land
use patterns under a scenario where fertil-
izer is provided free to farmers (Figure
4.21). Only about 7 hectares remain in for-
est in year 25, and other land use patterns
remain about the same, but the net present
value of profit rises to R$77,115. The
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Figure 4.20 Land uses with a 50 percent subsidy on fertilizer
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Figure 4.21 Land uses with a 100 percent subsidy on fertilizer
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model does not support the scenario sug-
gesting that nitrogen harvesting is the pri-
mary driving force behind smallholder de-
forestation patterns; it points to demand for
cleared land rather than demand for nutri-
ents to feed agriculture as driving deforesta-
tion for this group of landowners. Efforts to
increase on-farm nitrogen availability via
improved fallows or fertilizer subsidies are
not likely to slow deforestation, although
they may boost incomes.

A Multiple Policy Scenario-
Managed Forestry and Fertilizer
Subsidies

The final policy experiment combines two
policy scenarios examined independently
above, permitting small-scale managed
forestry and instituting a 50 percent subsidy
on chemical fertilizers. This policy combi-
nation adds value to the forest (the managed
forestry element), while improving the in-
centives for land uses requiring more labor
to establish and maintain than do cattle pro-
duction systems. These uses might absorb
manpower that would otherwise go either to
deforestation or the establishment and
maintenance of cattle production systems
(or both).” To illustrate the effect of such a
policy combination under a range of rela-
tive prices, this section compares and dis-
cusses results under the two price scenar-
10s—1994, with relative prices favoring
pasture, and 1996, with striking shifts in
prices to favor perennials. Under the latter
price regime, this policy package can be
thought of as truly “tree friendly,” improv-
ing incentives to manage and derive income
from trees on both sides of the forest mar-
gin (promoting perennials in cleared area,
and selective extraction within a still largely
intact and regenerating forest). Results are

discussed in the context of expected longer-
term trends for prices in the area, and possi-
ble responses to changed prices in the
medium term.

Figure 4.22 reports land uses for this
multi-policy scenario with the 1994 price
baseline as used in all previous policy ex-
periments discussed here. Vis-a-vis the
managed forest scenario alone (Figure
4.17), adding the fertilizer subsidy induces
only small gains in forest retained in year
25 and the net present value of profit: for-
est retained increases by about 3 hectares
(making the effect of these two scenarios in
combination roughly additive with regards
to their effect on the forest), and the net
present value of profit increases from
R$55,000 to R$58,783 (income gains being
slightly less than additive). Given the weak
land use effect of the fertilizer subsidy
alone, it is not surprising that this policy
combination does not yield tremendous
gains in forest. The primary effect, again,
seems to be a slight slowing of the defor-
estation rate and delay of the development
of fallow to supply nutrients to annuals.

With fairly dramatic relative price
changes (1996 versus 1994 prices, as out-
lined in Table 4.4), the archetypical farmer
facing the multi-policy scenario can be ex-
pected to favor perennial tree crops even
more than in the earlier case (recall the four-
fold increase in coffee prices from 1994 to
1996). A separate simulation is run using
1996 prices, still permitting managed
forestry (from 1994 to 1996 the price of
timber transport fell 33 percent, creating an
additional incentive for managed forestry)
and still providing a 50 percent discount on
fertilizers.

Figure 4.23 presents the land uses
emerging from this 1996 simulation. Vis-a-

"Perennial systems and annual/fallow rotations absorb considerably more labor than cattle production systems
or sustainable timber management (the latter two being close in terms of labor requirements), and require more
nutrients for production. The fertilizer subsidy in this scenario may encourage these systems apart from allevi-
ating any incentive to deforest driven by a demand for nutrients (suggested by the prior experiment as not so im-

portant).
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Figure 4.22 Land uses with managed forestry permitted and a 50 percent fertilizer

subsidy, 1994 prices
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vis the same simulation using 1994 prices,
forest savings are substantial (from 8 to
about 22 hectares held in year 25), and the
net present value of profits jumps to
R$108,305. Yearly deforestation has
slowed considerably but still occurs
throughout the 25 years, with pasture ex-
panding as forest recedes. Perhaps more
important, the composition of land in peren-
nials has shifted, as coffee now occupies
area that was dedicated to the staple man-
ioc. As in the multi-policy scenario with
1994 prices, perennials expand into area
previously in annual crops, but now the
perennial area includes coffee. The com-
bined area of annuals and perennials has not
changed, but the additional area in perenni-
als has absorbed family and hired labor that
could have gone to deforestation or annual
crop activities. There is still labor enough
(and time) for the archetypical farmer to es-
tablish some additional pasture each year,
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[J Secondary fallow

Years

@ Annual crops

but the forest to pasture conversion process
has slowed dramatically.

The “tree-friendly” package under a fa-
vorable price regime, then, appears to have
considerable benefits for environmental
sustainability in the form of forest conver-
sion and for growth and poverty alleviation
in the form of higher value of output. The
scenario reveals the complex labor trade-off
among land uses and its consequences for
deforestation. Serious caveats, however,
about the string of occurrences that need to
be in line to achieve this result are in order.
Recall that given the volatility of coffee
prices (and the expected effect of price risk
on adoption of perennials), and the fact that
they were unusually high in the 1996 sce-
nario, this price scenario represents an ex-
treme peak, quite possibly an unsustainable
one. Depending on relative prices, this pol-
icy combination could see results ranging
from the forest savings and income
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Figure 4.23 Land uses with managed forestry permitted and a 50 percent fertilizer

subsidy, 1996 prices
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increases of the 1996 price scenario to those
under the 1994 price scenario, where the
same policy combination yields relatively
small gains on both counts. Whether reality
is more likely to fall toward one end of the
spectrum or the other depends on one’s ex-
pectations, not only regarding future prices
(especially coffee prices) but also future im-
provements in labor market performance.
If high coffee prices are unsustainable, and
price risk further militates against adoption
of perennial systems, scenarios closer to the
1994 price vector would have higher prob-
abilities. If, on the other hand, the high cof-
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fee prices do prove sustainable at least in
the medium term, labor markets may re-
spond in a way that reduces but may not
erase the forest savings seen here.

Figure 4.24 presents the land use results
for a final scenario: the multi-policy exper-
iment with 1996 prices, this time allowing
double the hired labor to flow onto farms—
increasing the limit from 15 person-days to
30 person-days in any given month—but
maintaining the limit of 15 person-days per
month on household labor sales.” With
twice the hired labor available—with other
conditions as above: 1996 prices, managed

3This is a substantial amount of extra labor—half a person-day per month per farm. But the nature of the labor
requirement for this production system puts it within the range of reason for those months where labor demand
is at its peak. Not just adult male but all types of labor can fill the requirement, and, while some skill is involved,
it is not skill that requires intensive training. Indeed, near the Rondonia study site, seasonal coffee-harvesting
work groups have begun to be trucked in from the cities (Samuel Oliveira, personal communication, 1997). For
this scenario, the wage rate stays the same, reflecting some stickiness in the medium term. But even were it to
rise a bit, the fact that the model farmer is not limited in hiring labor by amount of capital but by labor avail-
ability means that one would not expect the result to be substantially changed.
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Figure 4.24 Land uses with managed forestry permitted and a 50 percent fertilizer subsidy, 1996 prices and
relaxation of labor market constraints
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forestry, and a 50 percent fertilizer sub-
sidy—the farmer opts for converting more
forest to pasture (forest in year 25 declines
from 22 to about 18 hectares), while coffee
continues to gain ground that annuals lose.
Under altered labor use and cropping pat-
terns, the net present value of profit shifts to
R$95,754.

This multiple policy experiment under-
lines not only the importance of relative
prices to land use patterns but emphasizes
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even more the key role labor availability
plays in determining the extent to which the
planting of labor-absorbing perennial tree
crops diverts labor away from forest con-
version and pasture expansion. The farmer
finds it profitable to allocate some labor to
the expansion of this labor-absorbing activ-
ity, but other labor is allocated to the expan-
sion of labor-saving livestock. This is true
even though the relative profitability of
forest conversion is mitigated by the

™The net present value of consumption is higher here than in the previous simulation because the situation is less
constrained. The net present value of profits reported here is lower because it does not account for savings/in-
vestment beyond the model’s final year, which means that end-year savings/investments are considerably higher

under the previous scenario than under the current one.



94 CHAPTER 4

availability of an activity that adds value to
(and labor expended in) the forest. Once
perennial tree crops (driven by relative
prices) dominate the annual/perennial land
and the labor needs of these systems are
met, surplus labor flows to fell forest and
establish pasture. An important policy im-
plication of this result is that small-scale
agriculturalists should not be expected to
dedicated more than about 5 hectares to
perennial tree crops without the unlikely
scenario of relative prices even more in cof-
fee’s favor coupled with a massive change
in labor availability.” Seasonal labor short-
ages constrain the amount of area that can
go into these activities, and ability (suffi-
cient labor) to manage cleared land in turn
drives area deforested. When profitable,
these activities in effect draw available
labor to them and away from deforestation
and pasture establishment (but not entirely);
relaxing labor constraints will add more to
pasture expansion than to the expansion of
area to perennials.

Model Assumptions, Their
Implications, and Future
Research

Modeling resource allocation decisions and
the economic and biophysical factors and
processes that influence them requires sim-
plifications regarding decisionmakers’ ob-
jectives and knowledge base; the nature,
generalizability, and stability of biophysical
and socioeconomic processes and contexts
in which decisions are taken; and a time-
frame for resource allocation and consump-
tion decisions. The bioeconomic model de-
veloped here is no exception. This section
sets out the most important assumptions
built into the model, addresses their possi-
ble implications for results, and suggests fu-
ture research. Some assumptions relate to

how well the model captures current condi-
tions on the ground; others relate to how
those conditions are likely to evolve in the
relevant time horizon. While not speaking
to the latter, the model verification exercise
described in the section on baseline results
provides some basis for believing that the
model structure captures essential elements
of the land use process up through the time
of the survey, despite the caveats and their
implications discussed in the remainder of
this section.

Stability of Farm Size and
Ownership

The model is based on a 60-hectare farm,
with no modifications to size of operational
holding (renting in land, renting out land,
land purchases, land sales, or land-sharing
arrangements) allowed over the simulation
period. Survey evidence points to a rise in
the prevalence of land-sharing arrange-
ments, especially for pastures. The timing
for increasing pasture area and enlarging
the size of the herd hinges on the annual
agricultural cycle, herd demographics, and
available resources. Being out of sync in
terms of herd or pasture size has its costs:
leaving pasture unused runs the risk of hav-
ing it revert to forest fallow; overstocking
pastures hastens their degradation. Land-
sharing arrangements allow farmers to bet-
ter manage this timing collectively, improv-
ing profit outcomes from those shown here.

Land purchases and sales were even
more common in the study area historically
than currently. Given that regression analy-
sis (reported in Chapter 3) suggests that
changes in farm size and ownership itself
can influence patterns of deforestation and
land use, this is a promising area for model
modification, and one that would require
detailed analysis of local land markets be-
forehand, preferably taking into account the

Note that the unlikely scenario making it profitable for land in perennials to expand considerably may create a

different pressure on the forest.
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maturing of the settlement projects them-
selves. Land markets could reflect values
other than the relative profitability of alter-
native land uses as captured in the model—
an option value for retaining forests or
expected profits substantially different from
those captured here, created by the dy-
namism of the developing frontier. This
model does not speak to that possibility di-
rectly, but it illustrates that observed land
use patterns can be substantially explained
by assuming that land values reflect ex-
pected profits as captured in the model. The
model incorporates, moreover, what the re-
gression indicates as the more important ef-
fects of land status upon arrival and recent
land use. It also illuminates behavior under
land constraints that might be considered a
shorter-term reality for most farmers, and it
points to a potential for land expansion or
transfer as forests on currently owned land
are exhausted.

To the extent that land markets do re-
flect the model’s rendering of relative prof-
itability of alternative land uses, allowing
land transfers would likely affect the locale
and timing of deforestation more than the
essential forest-to-pasture conversion find-
ing. In addition, to the extent that land
markets in the area are developing, and the
assumption of no economies of scale is and
remains accurate (more on this assumption
below), the importance to land use of
changes in farm size and ownership should
recede over time, approximating the situa-
tion in the model.

If the assumption of constant household
size and demographic characteristics were
relaxed, on the other hand, it could have im-
portant land use ramifications. A simple
model of aging, with household members
constrained to stay on the farm, would in-
troduce interesting life-cycle issues. A more
realistic (and considerably more compli-
cated) approach, however, would be to en-
dogenize household size over the time hori-
zon, with effects on household income and
deforestation hinging on relevant assump-
tions about (1) off-farm investment and em-

ployment opportunities, (2) household risk
considerations, and (3) internal household
decisionmaking.

Household Objective of

Maximizing the Net Present Value
of Consumption

Farm households are assumed to maximize
the net present value of consumption over
the specified time horizon. As suggested in
the discussion of land markets, maximizing
asset value instead would result in similar
deforestation and land use patterns, as long
as the streams of financial benefits gener-
ated by land uses determine asset values (of
farmland, forest land, and livestock herds,
for example). Deforestation and land use
patterns would be different if an asset-based
optimization procedure was adopted and
something other than financial flows deter-
mined asset values. In the absence of major
changes in international policy and local
compensation mechanisms that could affect
asset values (especially for forests) in this
way, there is no reason to believe that
changing the arguments in the objective
function in this manner would greatly alter
model results.

That the objective function does not in-
volve maximizing household preferences
has perhaps more far-reaching implications.
Although households must consume the
minimum required for a comfortable life,
they can also use their generated profit
streams to purchase consumer durables
(such as sewing machines, bicycles, para-
bolic antennas, or television sets), which
survey data suggest are increasingly com-
mon. The timeframe for availability of cash
for purchase, but not timing of particular
types of purchases, is determined by the
overall decisions taken to maximize the net
present value of consumption over the
whole period. Given limited credit markets
and other market imperfections in the
model, this characterization of consumption
could have several important implications
for production and land use. If preferences
on timing of consumption of particular
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types of goods (apart from risk, which is
discussed separately below) were included,
this could affect how the household decides
to allocate money stocks on hand to current
consumption versus investment for future
production in any period. As in other con-
sumption baskets, the relative importance
of particular products would be expected to
change with shifts in income (relevant for
the dynamic aspect of all simulations of this
model) or relative prices (relevant for some
simulations of this model). In addition, be-
cause the model’s list of production invest-
ments is limited to items directly related to
particular production activities, it overlooks
the production benefits from some of the
consumer durables listed (for example, a
car could improve transport to market and a
television set could provide market or tech-
nology information). The timing of such
purchases could be significant to land use
outcomes but is not captured by the model.
To the extent that including these consump-
tion aspects diverts resources from (or pro-
vides additional resources for) production
activities, the result could be slower (or
faster) deforestation from what is seen in
the model.

Perhaps the most important gap created
by the exclusion of preferences from the
objective function given the sensitivity of
model results to labor is the absence of ex-
plicit household utility for leisure time. Be-
cause of imperfect input markets, decisions
about allocation of time to labor or leisure,
based on household preferences, would af-
fect production activities even in a one-
period model. In the dynamic setting of this
baseline model and its simulations, this ef-
fect is compounded by the fact that leisure
consumption is expected to rise as income
rises. Including a preference for leisure as
a normal good would decrease labor avail-
able to the household as income rises, slow-
ing the deforestation process, and perhaps
affecting the attractiveness of labor-inten-
sive activities such as perennial tree crops
in simulations that currently favor their
adoption (albeit limited in scale).

Finally, the objective function itself is
defined at the level of the household, im-
plying that households behave so as to max-
imize their collective benefit. The more
specific assumption of a single decision-
maker or consensus decision regarding pro-
duction activities is formulated from evi-
dence on decisionmaking garnered in the
survey. While models of household behav-
ior exist in which bargaining and individual
control over assets play a central role, this
level of detail does not seem warranted to
capture essentials of land use processes at
this study site.

Limitations on Household
Investment and Production
Technologies

One could also argue that the range of in-
vestment opportunities available to the ar-
chetypical household is too narrow. As cur-
rently specified, farmers can only invest on
their farms and only via specified land use
technology options. The effects on defor-
estation and land use of expanding the set of
possible on-farm and especially off-farm
investments cannot be determined a priori.
Off-farm investments such as schooling of
children or investments in commerce have
ambiguous effects on deforestation: they
may deplete cash and labor resources and
reduce deforestation over some period of
time, but eventually they either provide ad-
ditional cash to hire labor for forest felling
or draw resources away from agriculture.
Perhaps more important to this charac-
terization of agricultural production activi-
ties is the fact that household on-farm in-
vestment and production behavior more
generally is limited to choices among fixed-
input (Leontief) technologies with exactly
prescribed management practices, a by-
product of the model’s linear construction.
The implications of including additional
types of production investments are dis-
cussed in the subsection on the objective
function. Rigidities of behavior and input
use within types of production activities im-
posed by the model structure may, however,
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also have important implications for model
results. The implications may become
more important as simulation conditions
depart from those observed for the baseline.
Mitigating the effect of these rigidities is
the ability of farmers to choose the amount
of land to allocate to a given production
technology (and to devote more than one
parcel within the lot to production of the
same output under different levels of tech-
nologies). This in effect creates formulas by
which farmers can substitute inputs in pro-
duction. The archetypical farmer in the
baseline finds this situation profitable, as
evidenced by the coexistence of V1 and V2
technologies on farms for several produc-
tion activities described in the section on
baseline results.

These formulas, however, are them-
selves rigid, and do not reflect the capacity
of farmers under real conditions to juggle
resource allocations in response to changed
factor and output prices, including freely
choosing the time path of resource degrada-
tion, with profit motives in mind. Even
small divergences from the patterns shown
here could accumulate over the time hori-
zon of the model.

Since labor has a high shadow price and
can be easily reallocated across activities
and over time at the margin, the capacity to
substitute land or capital for labor (or real-
locate labor and leisure, as discussed above)
could change income or land use results in
any given time period. That said, fungibil-
ity of labor across activities and over time is
limited, however, by who on farms can
physically perform important tasks (such as
deforestation) and when these tasks can
usefully be performed.

Similarly, levels of overgrazing—the
degree to which farmers can choose to mine
the pasture resource—are constrained in the
model within the technology choices.
Given the importance of pasture and herd
growth to the model, truly endogenously
determined levels of overgrazing might
have different results but would likely ef-
fect the timing of deforestation more than

the basic pattern. Likewise, the sustainable
timber extraction simulation imposes tech-
niques laid out by researchers, but even if
restrictions on output flow and the amount
of “collateral damage” allowed remained,
methods (resource allocations) used by
farmers to achieve those ends would
likely be different from the experimental
technology.

A second by-product of the model’s lin-
ear construction is an assumption of con-
stant returns to scale. This adequately rep-
resents some agricultural activities in the re-
gion, especially within the area ranges ob-
served in the field, but it may not reflect the
realities of cattle production, particularly
where more advanced methods of herd and
pasture management are employed. Jones
et al. (1995), for example, found evidence
of increasing returns to ranching in Ouro
Preto do Oeste, Rondonia, as did Mattos
and Uhl (1994) and Arima and Uhl (1997)
for specialized ranching operations (rearing
and fattening) in the eastern Brazilian Ama-
zon. That said, such specialized activities
have yet to appear in this study area, and
when the choice of technologies in the
model included the most sophisticated pas-
ture/management technologies available,
according to local agricultural researchers,
it was never chosen by the archetypical
farmer in any of the simulations presented
here. Still, it could be relevant for scenarios
involving relatively long time horizons,
with changing factor endowments (see the
subsection on this below), where the likeli-
hood grows smaller that the set of technolo-
gies presented here is comprehensive. If in-
corporated into the model, scale economies
in pasture would add to factors that favor
pasture creation (the speed of which is con-
strained by other elements in the model, no-
tably labor for clearing). Nevertheless, in-
troducing nonlinear relationships among
key inputs in important production activi-
ties would be a useful extension of this and
other bioeconomic models (see, for exam-
ple, Barbier 2000).
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Risk

Farm households face no risk in the
model.”® This is a clear deviation from re-
ality; agriculture is risky business every-
where on earth. This area’s risks include
those associated not only with production
(climate, pests, diseases, and runaway fires)
and price but with uncertainties regarding
marketing chains, health, employment, and
policy (Nepstad et al. 1999; Vosti and Wit-
cover 1996b). A model could incorporate
risky outcomes through exogenous shocks
to which farmers must respond ex post, or
could take a more sophisticated ex ante ap-
proach in which farmers’ expectations and
attitudes toward risk would be modeled.
The absence of insurance markets to cover
risk favors livestock production systems, as
can be seen in the widespread use in the sur-
vey of livestock as a mechanism for holding
assets that can be liquidated in times of
need. Cattle production systems themselves
can, however, be subject to risk—recall the
recent problem with widespread death of
the pasture brizantdo (more on this in the
subsection on longer time horizons). Dif-
ferent types of risk, however, can have ad-
ditional effects on household production
decisions.

Accounting for yield or price volatility
would not be likely to close the substantial
gap in expected profitability between forest
and pasture activities. These types of risk
would probably skew activity choice to-
ward livestock production systems because
of characteristics that make cattle the asset-
holding mechanism of choice, including (at
least historically) lower price volatility and
more predictable production patterns in this
area of the Amazon (Faminow et al. 1999).
The speed of deforestation would depend
on whether favorable or unfavorable reali-
ties played out. Introducing weather-in-

duced and other production shocks, perhaps
via links with the Decision Support System
for Agrotechnology Transfer (DSSAT) crop
growth model would be a useful extension
of the model (IBSNAT 1994).

Risk of injury (especially during forest
felling) and illness (primarily malaria) is
great, especially during the initial phases of
colonization (de Bartolomé and Vosti
1995). Losses of labor and cash associated
with malaria alone can be large enough to
reduce deforestation rates and undermine
efforts to intensify agricultural activities; in
the extreme, these losses can cause aban-
donment of farms. Employment risk can
affect farmers’ expectations of availability
of off-farm labor and thus allocation of
labor on-farm. Incorporating these sorts of
risks into the bioeconomic model would
yield important insights into resource use
decisions, and especially into poverty-envi-
ronment links. Finally, risk associated with
an uncertain policy environment could
cause farmers to shy away from production
activities requiring greater up-front invest-
ment (such as perennial tree crops).

Farmer Omniscience about
Economic and Environmental
Processes

The archetypical farmer is assumed to have
complete and accurate knowledge regard-
ing economic factors (such as input and
output prices), biophysical processes (such
as soil nutrient losses associate with annual
crop production), and technologies that af-
fect resource allocation decisions over the
entire time horizon in question. The con-
stant relative price assumption is a simplifi-
cation that illuminates the role of prices in
the deforestation process more clearly. Ad-
ditional model simulations could incorpo-
rate different models of price expectations

"The notable exception is the case of edible bean production: yield parameters were adjusted downward to in-
corporate routine crop losses associated with mold and mildew.
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from the one-year lagged model presented
here, including projections of long-term
price series based on, for instance, futures
prices instead of constant prices. Model
testing suggests, though, that deforestation
rates are responsive only to major changes
in the value of forests or forest products vis-
a-vis agricultural products, which seem un-
likely in the immediate future, since they
would require major and yet unknown in-
ternational policy actions.

The assumption that farmers have ac-
cess to the best available knowledge about
relative prices fits with the situation mod-
eled here, where settlement areas are rela-
tively mature, farmers have access to radios
and other forms of communication, and are
visited by product buyers. Complete infor-
mation about technology and how produc-
tion is affected by particular on-farm bio-
physical conditions, however, may be less
widespread, even among well-situated
farmers, given the inability of extension
agents to cover the broad areas in the proj-
ects and disseminate materials to cover the
heterogeneity in soil conditions. Many of
the details associated with the inability of
Amazonian soils to support long-term crop-
ping are unknown even to the scientific
community. Still, knowledge of general
patterns of yield declines, especially for an-
nual crop production systems, is common
in the region, with the possible exception of
recent migrants moving to newly settled
areas. Indeed, the fact that these are no
longer newly settled areas means farmers’
knowledge about likely agronomic re-
sponses to somewhat familiar technologies
is likely to be fairly accurate.

Local Market Conditions

It is also assumed that farmer activities will
not affect local or regional markets, thereby
prompting changes in relative prices for in-
puts or outputs relevant to farmers. The
model’s primary purpose, however, is to il-
luminate implications of current behavior
patterns, more than to make realistic predic-
tions of the future. That said, for many in-

puts and products, the assumption of little
regional market effect is defensible. The
western Brazilian Amazon is becoming
much more integrated into national and re-
gional markets, so producers and con-
sumers face prices determined at those
broader market levels. Where smallholders
contribute significantly to the supply of
products, with markets that are not well in-
tegrated into the national economy, the ag-
gregate effects of farmers similar to the ar-
chetypical one here could shift local equi-
librium conditions. Demand and supply for
agroforestry products and nontimber forest
products are more locally determined; for
these products, large increases in supply
will surely drive down prices. Incorporating
price responsiveness into the model might
alter farm-level decisions regarding these
products, but again, doing so would likely
worsen their expected profitability and fuel
rather than brake deforestation. Regional
market determination may also characterize
milk and livestock markets, however, but in
this case the supply response is occasioned
by growing regional demand. To the extent
that growth rates in regional supply and de-
mand match, the overall effect on price of
farmers’ collective actions will be miti-
gated. The effects of these broader changes
on labor market restrictions and milk quotas
are more problematic for the model in its
current form, and fall under the rubric of
model simulations without these restric-
tions.

Longer Time Horizons

The 25-year horizon was chosen to capture
relevant policy responses in the simulations
selected. Extending this horizon another 20
years shows that, after forest is exhausted
under the baseline scenario, farm profits
eventually fall and fallow rotations become
more prominent on the landscape. These
results should be interpreted with caution,
however, in light of the fact that the model’s
shortcomings, highlighted in this section,
are more likely to cause model results to di-
verge from likely realities as the model’s
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time horizon is extended further into the
future.

For that reason, for models on such a
time scale, the absence of endogenous shifts
in household behavior (such as innovation
of new technologies) or the policy environ-
ment in response to changed conditions
makes results problematic. Behavioral shift
parameters that dictate changes in house-
hold responses to economic and biophysical
factors could be the result of changes in on-
farm circumstances (such as changes in the
demographic composition of farm families
over time or biophysical conditions) or
from changes in perceived incentives even
in the face of constant prices (for example,
farmers may behave differently once they
approach or have exceeded the established
legal limit for deforestation and conse-
quently risk fines). Other types of mid-
scenario shifts might be the result of
endogenous policy changes, such as new
forestry laws brought about by greater-
than-expected deforestation rates, or agri-
cultural research prompted by agronomic

difficulties. The recent difficulty with death
of the most prevalent pasture brizantdo is a
case in point. Pasture varieties tend to have
their own life cycle in a particular ecosys-
tem, with pests’ ability to adapt accumulat-
ing over time and accelerating where poor
pasture management lowers resistance. The
model does not account for the farmer’s re-
sponse to this situation: he may reformulate
the pasture by burning to control pests or
abandon pastures because it is cheaper to
clear new forest area—moves that have
caused severe economic losses in some
cases (J. Valentim, 2000, personal commu-
nication). This particular scenario could
usefully and relatively easily be incorpo-
rated into the model. More broadly, inte-
grating these sorts of mid-scenario correc-
tions into farmer behavior and policy con-
text would alter results regarding deforesta-
tion, use of cleared land, and income, but
modeling these endogenous changes lies
well beyond the scope of this farm-level
research.
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Conclusions

oughly 7,600 square kilometers of tropical rainforest in Brazil were cut down and

burned between 1995 and 1997. These forests were of commercial value, and the land

they stood on is of agricultural value to both the small-scale farmers who use cleared
area to meet livelihood security needs and the regional economy that benefits from increased
aggregate production for consumption and trade. But, these forests also provide important
services of global benefit, most notably the sequestering of carbon and other greenhouse
gasses and their contribution to biodiversity. Society also places noneconomic values on
forests.Between the private and global social benefits fall the local benefits provided to indi-
viduals and communities living near forests: clear air, hydrological services, and parklands
among them. Private and social values of forests are likely to be at odds until mechanisms
exist to make social values a part of private decisionmaking. In the absence of such mecha-
nisms, the trade-offs among environmental sustainability, growth, and poverty alleviation
associated with different uses of the forest need to be better understood by those who would
try to balance the needs of forest inhabitants, local communities, and the broader global
community.

Small-scale farmers (the focus of this report) have been responsible for much of the most
recent wave of forest clearing—a process difficult to halt by legal prohibitions alone given the
strength of current private incentives to clear land. Several key questions emerge: (1) How
much do small-scale farmers and the agricultural sector benefit from deforestation, and what
are the effects on the environment? (2) Once forest is cleared, are the uses undertaken sus-
tainable? That is, do they continue to bring in profits? If not, can agriculture or forest-related
activities (where some forest remains on farm) be intensified to make the land more prof-
itable? (3) What policies in lieu of or in addition to outright prohibitions might be effective in
slowing deforestation by smallholders and making subsequent land uses more sustainable,
without sacrificing income?

The report is based on a common theoretical framework of household-level behavior (in-
cluding land use decisions) under circumstances constrained by the extent to which they rely
on their own resources or have access to others off farm. While relying on representative field
data, the report makes use of several analytical tools. Descriptive analysis sets the stage, pro-
viding background on policy context, market and marketing structure, local community fac-
tors, farm-level biophysical characteristics, and household-specific endowments of land,
labor, knowledge base, financial resources, and access to markets or other local trading op-
portunities. This information is critical for establishing farm, farm household, and biophysical
characteristics that influence land use patterns, and for assessing the extent to which existing
land use patterns affect development objectives. The descriptive analysis also brings sample
descriptive statistics to bear on the question of local land use in a framework that touches on
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the key aspects of the theoretical model (dy-
namic aspects, biophysical processes,
household endowments, and local institu-
tional contexts, including sources of uncer-
tainty and attitudes toward risk that affect
profit expectations). The framework evalu-
ates smallholder adoption of prevalent and
experimental technologies defining land
use systems.”” Its preliminary findings set
the tone for much of what follows, using
more sophisticated analytical tools. Such
analyses of land use systems provide
longer-term views of the impact of produc-
tion systems (comprising different sets of
production activities) on sustainability,
growth, and poverty alleviation.
Regression analysis exploits sample
heterogeneity in these factors to isolate
those most important for determining ob-
served land uses, given common national
and regional price signals and policies. It
provides empirical assessments of the ef-
fects of, for example, land tenure and local
organizations on deforestation and patterns
ofuse of cleared land. It also sheds light on
the extent to which land trading and farmer
transience affect land use patterns. This tool
cannot isolate, however, farm-specific re-
sponses over time to relative prices, differ-
ent policy contexts, or their own shifting re-
source constraints, particularly wealth. A
farm-level bioeconomic model picks up
where the regression analysis leaves off, fo-
cusing in on precisely these dynamic ele-
ments of farmer responsiveness, incorporat-
ing biophysical processes already known to
affect land use in an explicit way. It com-
plements the regression analysis, since it
can test for the effects of particular factors-
such as institutional contexts-on land use
decisions. Unlike the regressions, however,
it cannot provide evidence that these factors
make a difference for land use in real-life
situations, with all of their uncertainty, risk,

and complexity. As constructed, the bio-
economic model cannot pinpoint forces
driving land transfer or farmer transience in
the region. Using results from descriptive
and regression analyses, however, the bioe-
conomic model highlights how on-farm
competition across land uses for specific
scarce resources affects deforestation, land
use, and income outcomes. To isolate the
dynamic elements, the bioeconomic model
abstracts away from farmer heterogeneity
to define the characteristics of a representa-
tive farmer, including the quality of the
farmer’s land. The off-farm market and in-
stitutional context is also set for this repre-
sentative farmer, including relative prices
and the available technologies. The choices
made for the representative farmer are
grounded in the descriptive analysis of the
sample to arrive at a baseline scenario of
deforestation/land use and income based on
current conditions. The range of sample re-
alities and other policy contexts provide the
basis for simulations, the results of which
are compared against the baseline.

Results are relevant for small-scale
farming in the context of the western
Brazilian Amazon and in other areas with
similar relative factor endowments—
particularly labor scarcity and land abun-
dance amid imperfect credit markets—and
the general economic context of expanding
but as yet incomplete links between farmers
and regional markets, and regional and
broader markets. At the time of this report,
markets were growing and vibrant; effects
would be different in a broad economic
downturn, but that scenario lies outside the
range of conditions that can be confidently
speculated on here. The research methods
developed and deployed in this report are
relevant for even a broader set of cases
where the issues of poverty, environment,
and growth are simultaneously addressed.

""This framework has been extended elsewhere to encompass impacts on carbon sequestration (Carpentier et al.

2000) and biodiversity.
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A combination of analytical tools such as
those deployed in this study—targeted to-
ward describing the problem, assessing
how heterogeneous factors within the sam-
ple affect the problem, and explicitly con-
sidering the forward- and backward-look-
ing dynamic elements of the problem—
may be needed in order to reach conclu-
sions that lead to comprehensive and credi-
ble policy advice.

General Conclusions

Deforestation and land use decisions by
small-scale farmers at the margins of the
western Brazilian Amazon are driven pri-
marily by the relative profitability of alter-
native cropping, livestock, and extractive
activities and labor scarcity, which cur-
rently combine to favor livestock produc-
tion systems at the expense of other activi-
ties, thus promoting the steady conversion
of forest to pasture. Seasonal swings in
rainfall, and consequently in labor require-
ments of different production activities,
condition both profitability and labor
scarcity; some potentially profitable alter-
natives are not adopted as the result of labor
shortages during the initial stage of property
development or key points in production or
maintenance cycles.

When they grow more profitable, labor-
absorbing activities become more attractive
to farmers and have a braking effect on de-
forestation, but the overall pattern of forest
conversion with pasture expansion over the
longer term persists. Conditions favoring
current labor-using technologies and land
uses are, moreover, unlikely to persist, and
if they did, would spark general equilibrium
responses that would point to, again, more
deforestation. More forest currently stands
than would be the case if labor was not so
scarce: labor availability is not only limited
during the two-month period when it is fea-
sible to fell trees, but throughout the year.
Labor scarcity also puts limits on how
much land can be managed once it is
cleared, and lack of management has a

cost—the regrowth of forest and the need to
clear again (but the land benefits from the
nutrients recouped).

Clearing forest for agriculture has
largely meant less poverty in deforested
areas: forest “assets” have been converted
to physical assets, both on and off farm. Not
all farmers have succeeded in bettering
their lots, however: some are still strug-
gling to capitalize, and others may have al-
ready abandoned agriculture, although
there were no signs of severe malnutrition
in the projects.

Policy changes could induce small-
scale farmers to modify their deforestation
and land use patterns, but new policy in-
struments are needed to make sure this
would also improve incomes. Regulating
deforestation has so far largely failed be-
cause forest clearing is profitable for farm-
ers, and making sure that smallholders fol-
low the rules is costly. Improving enforce-
ment without changing incentives would
also be costly, and unless care is taken,
those changes could leave farmers worse
off. Indeed, the still-substantial group of
worse-off farmers in the sample tended to
deforest less. There is some evidence that
seasonal isolation, in particular, shifts farm-
ers toward planting more subsistence an-
nual crops in order to preserve their liveli-
hood security. Price and technology policies
can change the pace of deforestation and
alter patterns of use of cleared land, but
under reasonable and foreseeable scenarios,
forests will continue to fall and the bulk of
cleared land will be dedicated to pasture.
Best-case scenarios indicate that perennial
crops are profitable in the long run and will
significantly reduce the pace of clearing,
however. Emerging markets for carbon
may offer a new weapon for slowing defor-
estation, but policy action is needed to ad-
dress issues of implementation, including
transaction costs, in the context of small-
scale agriculture.

Finally, the institutional and especially
the commercial contexts in which defor-
estation and land use decisions are being
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made are changing rapidly. The private
sector, virtually absent during the early
stages of colonization in these areas, has
matured and expanded substantially, pro-
viding new income-generating opportuni-
ties, but these opportunities focus almost
exclusively on products produced at some
cost to forested land. Public sector activi-
ties have declined markedly, creating some
key gaps in service provision, which are
being filled by local organizations, NGOs,
and sometimes the private sector. These so-
cial networks play an important role for
land use patterns, either by lowering the
costs to farmers of trading in formal mar-
ketplaces or by providing information on
trading opportunities that relax on-farm re-
source constraints.

Smallholder Land Use
Patterns: Current Patterns,
Key Determinants, and
Future Scenarios

® Trajectory of small-scale agriculture.
Deforestation will persist under current
economic, biophysical, and policy con-
ditions because the returns per labor
unit to agricultural activities are greater
than those generated by forest extractive
activities. So, while small-scale farm-
ing systems can generate sufficient in-
come to sustain farm households of
fixed size and demographic composi-
tion and contribute to regional growth,
they will not retain natural forest over
the 25-year time horizon of the model
While the ability of farming systems to
support additional population pressure
has not been tested directly, regression
analysis provides indirect evidence that
farms with greater household labor en-
dowments or smaller forest stocks
moved into more intensive land uses.

® On-farm determinants of deforesta-
tion. Once smallholders are established
on their farms, the harvesting of nutri-

ents from the forest (via slash-and-burn
agriculture) is not the primary motiva-
tion at farm level for clearing forests.
Rather, it is the demand for cleared land
for agriculture that drives deforestation.
Therefore, efforts to slow deforestation
by identifying alternative and cheaper
sources of nutrients (especially nitro-
gen) will probably not succeed. Other
land quality characteristics relevant for
agriculture—waterlogging, slope, and
rockiness—may have more of an effect
on deforestation but that impact is not
via overall suitability of land for agri-
culture, but via their influence on spe-
cific land uses with specific technolo-
gies with specific factor intensities.
Demand for cleared land, moreover, is
critically shaped by household endow-
ments of labor and cash, and by the
household’s access to input and output
markets. These conditions affect spe-
cific land use choice and consequently
deforestation and household income.

Stability of land use patterns. Overall
land use patterns of smallholders are not
particularly sensitive to changes in rela-
tive prices or technological advances
that do not affect labor requirements.
That is to say, small changes in the fi-
nancial incentives to farmers to modify
product mix or deforestation rates will
not generate large changes in either.
This is true at the level of the opera-
tional holding for several reasons: (1)
extensive livestock production systems
continue to be most attractive to small-
holders because they are flexible and re-
quire less labor, although they do not al-
ways offer the highest returns to land or
labor; (2) seasonal labor bottlenecks
preclude the broad expansion of labor-
intensive production systems, such as
agroforestry systems, which are pre-
cisely the types of systems needed to
brake deforestation; (3) market and
other risks are high for many of the
products of agroforestry systems; and
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(4) switching from pasture to most other
land uses can be agronomically and oth-
erwise complicated and hence costly
and slow. This financially and agronom-
ically induced stability of current land
use patterns will challenge policymak-
ers, who will have to increase the
amounts by which, and the time frame
during which, they modify farm-gate in-
centives, if large and sustained farmer
responses are to be expected. That said,
regression analysis identifies factors
that already make a difference in pro-
portions of particular land uses, point-
ing to policy levers that need to be tar-
geted or considered in making any such
changes. It also suggests that urban
links are drawing resources out of agri-
culture and taking pressure off forests,
although these effects have only been
observed in the short term: long-term
results hinge on the relative profitability
of accessible opportunities within the
different sectors.

Environmental costs of small-scale
agriculture. The large losses of forest at
the farm level imply losses in carbon
emissions and biodiversity, but soil
degradation following deforestation
also has consequences for farmers. As-
sessments of environmental costs must
take into account all land uses (not just
deforestation) and the trajectory of these
land uses (not just a snapshot at one
point in time). For example, small-scale
farming can replenish some above- and
below-ground carbon stocks, and a tra-
jectory that includes regrowth of sec-
ondary forest between cycles of use has
a different carbon profile than one that
involves permanent conversion to pas-
ture. Similarly, cleared land can be
managed in ways that retain more
above-ground (and perhaps below-
ground) biodiversity, and policy can in-
fluence some management strategies.
At a spatially more aggregate level, the
way that groups of small farmers man-

age their land may make a great deal of
difference in how the abutting forest
ecosystem is affected. But few policy
instruments exist today for fine-tuning
land use by smallholders to address
such local cross- or off-farm effects.

® Private benefits versus environmental

costs. Because agriculture on cleared
land is profitable, persuading farmers to
deforest less will not be easy, or, in the
aggregate, cheap. Still, based on some
figures currently in use for the worth of
carbon alone, the social gains from sav-
ing forest outweigh private profitability
forgone by not deforesting, but no
mechanism for realizing transfers ex-
ists. However, the volume of savings to
society is large enough to suggest that
investments in establishing such mecha-
nisms could be worthwhile. If credible
and sustainable mechanisms for com-
pensating farmers for forest (or carbon)
retained can be developed, smallholders
will respond.

Growth from small-scale agriculture:
To intensify or not? Farmers will de-
forest at a slower rate if they are using
traditional technologies rather than
modern ones, which raise agricultural
productivity. Eventually, however, these
farmers will probably take down
roughly the same amount of forest, and
their incomes, the values of their farms,
and their contribution to GDP will be
substantially lower. In short, technolog-
ical stagnation will slow deforestation,
but it will also slow poverty reduction
and regional growth. To increase in-
comes and preserve forest, technology
and policy packages need to improve
profitability on already cleared area
without raising farmers’ incentives to
clear more land. Investments in tech-
nologies that explicitly target recupera-
tion of cleared areas for intensive use
and supplemental measures that make it
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more costly for the farmer to convert
forest are needed.

Welfare poverty in colonization proj-
ects. Welfare poverty is not currently a
major issue in the colonization projects
studied. However, if farmers exhaust
forests without simultaneously modern-
izing agricultural practices or diversify-
ing to off-farm activities or both, in-
comes will fall and poverty may in-
crease. Some farmers, particularly in
the early stages of settlement of forested
lands, do suffer from severe poverty and
must deforest in order to plant annual
crops to eke out a living; some of these
fail, sell their land, and leave. Farmers
settling now have more options than
their counterparts two decades ago—
development in and around projects
means greater access to markets of all
kinds—but pockets of poverty persist.
This suggests the need for changes over
time in policy tools put in place to sup-
port small-scale settlement activities.

Investment poverty in colonization
projects. Although food secure, some
farm households are too poor to make
the investments required to shift toward
more land-intensive yet agronomically
and economically viable agricultural ac-
tivities. This is especially true of new
arrivals during the early stages of colo-
nization. However, unless the value of
forests to smallholders is greatly in-
creased, such investments, even if
made, are not likely to halt deforesta-
tion. And if investments increase the
cash flow available to hire labor, or
farmers favor labor-saving technolo-
gies, it may even speed it up. Descrip-
tive analysis as well as regression re-
sults point to important opportunities
for trading scarce inputs locally to ease
some resource constraints, enabling
more farmers to improve their liveli-
hoods via investment.

® A lasting role for smallholders already

in the Amazon Basin? The 1995/96
Agricultural Census found 750,000
farm establishments of 100 hectares or
less in the Amazon region. Brazil-wide
trends of an aging and urbanizing popu-
lation are felt in the Amazon, but in-
fluxes of new migrants in search of
land, while not at levels seen in earlier
decades, are an important countervail-
ing force. Where small-scale farmers
who choose to move on go (to cities,
elsewhere in projects, or out along the
receding forest margin) has serious
poverty, growth, and environmental
consequences. Who replaces them
does, too. Current trends suggest that
some remaining smallholders are ex-
panding their holdings, while others are
reducing theirs; some households are di-
versifying into urban activities (or are
urban-based entrepreneurs diversifying
into agriculture); and some with large
holdings are consolidating land. A large
majority of current landowners acquired
their land from others; only about 20
percent of 1996 owners were the first
occupants or owners of their farms.

The environmental and poverty conse-
quences of a wholesale replacement of
smallholders with large farm enterprises
would be dire, with economic conse-
quences not fully understood. This
wholesale replacement is most likely to
occur in Ronddnia, along major over-
land transport routes, where soil and
topographical characteristics are con-
ducive to mechanized soybean produc-
tion. Displaced, well-capitalized small-
holders who move closer to the forest
margins will deforest more quickly than
their poorer counterparts migrating
from other areas.

® A potential wave of new migrants? For

the sizable Brazilian population below
the poverty line, small-scale agriculture
in the Amazon may be more profitable
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than rural or urban opportunities outside
the region. Major economic shocks,
such as the major currency devaluations
of the late 1990s, could make the returns
to agriculture even more attractive. Fi-
nancial incentives for migrating from
other regions to the western Brazilian
Amazon still exist, but policy incentives

tating quicker conversion from one land
use to another than is the case under cur-
rent practices would be needed; the
more likely scenario is that farmers’
land use strategies will adapt slowly to
changes in factor availability.

Specific Agricultural and

to migrate into forested areas with no N . mne
8 Extractive Activities

private owner have been greatly re-

duced. Still, recent settlement programs ® Livestock production systems. Small-

as part of land reform have attracted
new migrants to the area, and regional
integration may reduce relocation costs
of potential migrants. The altered popu-
lation densities could place new pres-
sure on forests or facilitate adoption of
labor-using technologies and land uses,
depending on shifting relative price
situations.

® Increases in person/land ratios. Popu-

lation increases coupled with reductions
in the amount of land not under some
claim (private holding, forest reserve, or
other) are generating increasing per-
son/land ratios in rural areas. If this
process is slow and if technologies and
investment capital are available, intensi-
fication of agricultural and extractive
activities might begin. However, any
major rapid influx that drastically shifts
population density upward in areas
where land is still legally available will
increase pressure on privately held
lands and designated reserves. In addi-
tion, if labor (especially adult male
labor) were suddenly more abundant—
if the borders with countries rimming
the Amazon were opened, for in-
stance—deforestation would increase.
Put another way, labor-led intensifica-
tion of agricultural activities (in the
longer term, the ideal development path
for the region) is not likely to be initi-
ated by large, rapid population inflows,
except under specific relative price sce-
narios not thought to be realistic or per-
sistent. Even then, other factors facili-

holder cattle production systems (dual-
purpose systems oriented to dairy) are
on the rise in the study area, because
they can fulfill multiple objectives of
smallholders (profitability, liquidity,
food security, and risk avoidance) si-
multaneously. New technologies can
dramatically improve the productivity
and profitability of these systems, de-
spite some nutrient-poor soils and diffi-
cult access to markets, but even the
most labor intensive of the currently
proposed systems does not change the
likely pattern of complete deforestation.
These systems require improvements in
farm management practices to levels
uncommon in the area, and they involve
substantial up-front investments diffi-
cult to obtain, given current capital mar-
kets. Improvements in cattle production
systems to increase pasture stocking
rates without increasing desired herd
size might be hampered by trends in
agricultural research efforts in the re-
gion that are moving toward a more ex-
plicit focus on agroforestry. What’s
more, much public and private research
on livestock has targeted technology for
the medium-to-large landholder, so
even existing technologies may not be
appropriate for or accessible to the
smallholder.

® Agroforestry systems. Some small-

holder experimentation has begun in
simple agroforestry systems involving
fast-growing timber species and using
profitable perennials or other crops as
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“launching pads” for increasing the
presence of woody perennials on farms.
Other more complex systems involving
tropical fruits are also the focus of much
debate and hope. Financial analysis
shows that these systems can be prof-
itable, but because their labor needs
place them beyond the reach of most
smallholders, the markets for some
products are not well established, and
the investment may not begin to pay off
for several years, these ventures are
risky for smallholders. Moreover, be-
cause the labor required to establish and
maintain these systems is so high, even
if adopted, they will only occupy small
arcas of farms; hence, extensive land
use systems, such as cattle ranching,
will probably not be halted.

Small-scale managed forests. Adding
value to forests held by small-scale
farmers is fundamental to slowing de-
forestation. Current legal restrictions on
sustainable timber extraction from pri-
vate forest reserves and bureaucratic ob-
stacles to overcoming them are costly to
farmers, whereas levels of enforcement
and fines are low. Hence, farmers have
every reason to disobey these restric-
tions. If restrictions could be imple-
mented, farmer incomes would drop ap-
preciably. Forestry policy that effec-
tively prohibits the extraction of timber
products by small-scale farmers from
the 50 percent of their holdings reserved
as forest should be reviewed and modi-
fied. However, important institutional
investments (in timber extraction moni-
toring and verification systems, for in-
stance) will need to be made to ensure
that the extraction of timber products is
done sustainably.

Increasing the value of nontimber forest
products (NTFP) should also help pro-
tect remaining forests but probably less
so than allowing sustainable timber ex-

traction. For example, a simulation
using a bioeconomic model that dou-
bled the 1994 farm-gate price of Brazil
nuts predicted an 8 percent increase in
forested area retained on a typical farm.
Expanding and improving markets for
particular NTFP to increase profitability
will be challenging; policy efforts
should focus on improving information
exchanges on products, product quality,
and product prices, and on identifying
gaps in marketing and management
skills along NTFP market chains and
filling them. Note that making the for-
est more profitable through NTFP or
timber extraction in the absence of ef-
fective monitoring could mean more
damage to standing forests: profitability
may encourage development or practice
of unsustainable or excessively damag-
ing extraction techniques. Finally, the
emerging market for carbon offsets may
play an important role in increasing the
value of standing forest to smallholders.
Research is needed to identify effective,
self-enforcing, and self-financing moni-
toring mechanisms for all schemes aim-
ing to increase forest value; the chal-
lenge is particularly complex for carbon
markets. Cost-effective mechanisms are
needed for linking carbon emitters
(often in developed countries) with
small-scale farmers (those retaining or
sequestering carbon).

Policy Instruments, Policy
Targets, and Policy
Implementation

® Land tenure. Security of land tenure af-
fects smallholder land use via access to
information, extension services, and es-
pecially formal credit, and not via threat
of expropriation. Speeding up formal
processes of securing land tenure will
likely increase the rate of smallholder
deforestation, as access to credit be-
comes easier.
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® Infrastructure improvements. Reduc-

ing transport time to markets generally
will increase deforestation, but reducing
seasonal fluctuations in transport time
will not affect deforestation or use of
cleared land The diversity of types of
traffic on rural roads—including vehi-
cles specifically linked to marketing of
output (such as milk trucks)—may have
a greater impact on land use, and per-
haps on deforestation, than road sur-
faces per se. Diversity of vehicles also
may be a more important indicator of
isolation (and possible food insecurity)
than is sheer distance or time to market.
Policymakers aiming to support
markets for perennial tree crops should
focus on increasing truck and bus traffic
on rural roads; reviewing and revising
the monopoly status of some bus and
truck routes would be an important step
in this direction.

Carbon payment schemes. Paying
small-scale farmers to retain forest (and
the array of ecological services it can
provide, especially carbon sequestra-
tion) will reduce deforestation rates, but
since agriculture is profitable in these
areas, the costs to policymakers in the
aggregate will be high. More important,
using small-scale farmers to preserve
forest may be less efficient than doing
so through extractive reserves or large-
farm enterprises, since transaction costs
in these cases may be lower. Tapping
local organizations as a means of
reducing transactions costs should be
explored.

® Land use zoning. Locating farms on

better versus poorer soils will only mar-
ginally slow deforestation rates and
alter patterns of use of cleared land.
Farmers on more fertile soils will earn
much higher incomes than those located
on poorer soils, but incomes of the latter
group will still be sufficient to induce
settlement. Establishing zones on the

basis of land quality will be difficult in
practice in the western Brazilian Ama-
zon because soils vary greatly within
broad soil classes and even on farms.
Certain characteristics of farms other
than fertility—slope, degree of water-
logging, and rockiness—may matter
more in dictating particular land uses,
and the land use chosen may determine
whether or not forests fall.

Government as actor. Public services,
especially in health and education, are
being reduced in these rural areas, with
possible negative consequences for
human welfare. Families are torn be-
tween the desire to retain their claim to
land and to farm it and the need to se-
cure a reasonable education for their
children. The incentives for and the ca-
pacity of local organizations or the pri-
vate sector to completely fill the void
left by retreating government programs
are lacking. Reductions in educational
and health services are leading to age-
specific rural-to-urban migration, which
may further reduce the household labor
available for perennial tree crops and
agroforestry  production  systems,
thus fueling increases in demand for
pasture to support extensive livestock
production.

Relevance for Other Forest
Margins Settings

® Agroecological zones and economic

conditions. Soils in the western Brazil-
ian Amazon are poor, labor is scarce, the
potential for intensive forest extractive
activities is limited by the low natural
occurrence of commercially valuable
products, and storage and transportation
costs for all products are huge. These
factors characterize many forest mar-
gins areas in Latin America (and more
generally) and are found to influence
deforestation rates and patterns of use of
cleared land. This suggests that more
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aggregate studies focusing on market
analysis alone might leave out impor-
tant elements of land use at the fringes
of markets in other developing-country
settings as well. That said, the specific
findings must also be placed in their
proper overall economic and agronomic
contexts. Regional demand is growing
and links to markets are expanding,
along with profit opportunities, in the
sites studied here. Rainfall patterns are
at the edge of what other analyses have
suggested might be viable for agricul-
ture, at least under currently available
technologies (see, for example,
Chomitz and Thomas 2000). There is
evidence here that expanding urban op-
portunities does take pressure off the
forest. Differences in critical economic
factors could change some important
results.

Ranges of factor endowments. Popula-
tion densities in rural areas are quite low
by conventional measurement (for ex-
ample, as low as 3 individuals per
square kilometer for the state of Acre),
but if policy efforts to reduce access to
forest areas are successful, person/land
ratios will increase, leaving them more
in line with other areas in Brazil and in
the developing world (for example, 33
persons per square kilometer in the
medium-density areas of Cameroon).
Policymakers should be aware of such
dramatic potential declines in land
availability and look outside their bor-
ders for clues on how to manage this
transition in ways that protect the forest
and sustain livelihoods.

Policy setting. The western Brazilian
Amazon is a frontier area, with study
sites characterized by the general ab-
sence of strong government, lack of ef-

fective policy instruments, incomplete
knowledge regarding the natural re-
source base and its possible uses, high
transportation costs, and the predomi-
nance of private property, especially
among smallholders. The importance
of communally based resource manage-
ment, the length of time forest margin
areas have been inhabited, and the dis-
tance to markets can be expected to alter
the outcomes of policy/technology
changes on land use vis-a-vis those pre-
sented here.

In this report, which examines the po-
tential for achieving the three “critical trian-
gle” development objectives—environmen-
tal sustainability, economic growth, and
poverty alleviation—in the agroecological
and socioeconomic context of colonization
projects at the southern edge of the western
Brazilian Amazon, no recipe for success
was discovered, no plan for saving the
Amazon was unveiled, and neither was ex-
pected. Rather, trade-offs among some of
the critical triangle’s objectives were identi-
fied, and the policy, technology, and institu-
tional changes required to effect these
changes were explored. Sustainable inten-
sification of agriculture without continued
deforestation may be possible in the Ama-
zon, but so far, the economic and policy in-
centives for doing so are not in place, and
the technological base and marketing infra-
structure to support such a development
path are also lacking. Research and policy
action can increase the chances for sustain-
able intensification, but large investments
and strengthened political will are required.
Since intensifying agricultural land use will
not remove pressure from remaining forest,
a mix of regulations and incentives are
needed to either increase the value of stand-
ing forest or increase encroachment costs,
or both.
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Regression Variable Statistics and Compre-
hensive Regression Results

his technical appendix contains a comprehensive set of descriptive statistics for vari-
I ables used in the regression analysis, and a complete set of results from that analysis.

Table A.1 describes and presents the variables included in the regression analyses, along
with several reference variables that help establish farm and farm household characteristics.
Note that all land use variables are expressed as proportions of total farm size. Descriptive
statistics are arranged as follows: dependent variables (the proportion of farmland held in dif-
ferent land uses in 1996); lagged dependent variables (the proportion of farmland held in dif-
ferent land uses in 1994); S, status of land when the farmer arrived on it, Z , (recall that
“t —A” is the year of arrival of the farmer interviewed in 1996 on the lot); farm characteristics
relevant for different time periods (tenure upon arrival, Z7}; tenure in 1996, Z ; farm resource
endowments, Z"; transportation, Z'%; other farm characteristics, Z”); community characteristics
(local organizations, Z°°Y; transportation, Z/®); and farmer and household characteristics (ori-
gin of household head, Z; migratory history, Z7, ; household assets upon arrival, Z*, ; and
other characteristics of household heads, Z). Units of measure, sample means, standard de-
viations, and ranges are provided for all variables.

In Table A.2, time is segmented as follows: ¢ = 0 refers to the year the lot was officially
made available for agriculture, ¢ < arr refers to time prior to a farmer’s arrival in the region, ¢
< arr in project refers to time prior to arrival of a farmer in the project but after arrival in the
region, ¢ < arr in lot refers to time prior to arrival on a farmer’s lot but after arrival in the col-
onization project; ¢ = arrival refers to time of a farmer’s arrival on his/her lot; # = 1994 and ¢
= 1996 refer to calendar years 1994 and 1996, respectively; ¢ = 199496 refers to the two-year
period between 1994 and 1996, ¢ = arr to 1996 refers to the time elapsed between arrival of a
farmer on a lot and the 1996 cropping year; and all t is a label used for time-insensitive vari-
ables (such as soil quality).

Table A.2 contains a complete set of results of the regression analysis. Results of F-tests
specific to blocks of variables appear (in bold) in Table A.2. The order of presentation of
blocks of variables highlights the role of multivariate analysis vis-a-vis other empirical tech-
niques used in this report in testing land use hypotheses: farmer characteristics beyond those
captured in the bioeconomic model are presented first, followed by human and financial re-
sources upon arrival that are important initial conditions in the linear programming model.
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Table A.1 Descriptive statistics for variables used in the regression analysis

Standard
Variable description Unit Mean deviation Range
Land use
1995/96 agricultural year Dependent variables
Total farm size* Hectares 83 47 24-254
Open* Proportion® 47 23 .10-1
Secondary forest Proportion .05 .06 0-.28
Annuals, alone Proportion .03 .04 0-.15
Pasture” Proportion 31 .19 0-.82
Perennials, alone Proportion .05 .07 0-.31
Annuals and perennials Proportion .03 .04 0-.20
Agroforestry systems** Proportion .01 2.6e-2 0-.14
Home garden* Proportion 4.2e-3 6.2e-3 0-.03
Remaining forest Proportion .53 23 0-.90
1993/94 agricultural year sit_z variables
Total farm size* Hectares 79 49 20-360
Open* Proportion 40 21 .01-1
Secondary forest Proportion .07 .07 0-31
Annuals, alone Proportion .07 .05 0-.24
Pastured* Proportion 22 18 0-.72
Perennials, alone Proportion .04 .06 0-.26
Annuals and perennials Proportion .01 .03 0-.20
Remaining forest’ Proportion .60 21 0-.99
State of land upon arrival of 1996 owner ZiA variables
Total farm size Hectares 71 34 2-213
Open Proportion 11 18 0-.90
Secondary forest* Proportion .01 .10 0-.67
Annuals* Proportion 2.4e-3 l.1e-2 0-.08
Pasture*® Proportion 3.8e-2 11 0-.71
Perennials* Proportion .01 2.7e-2 0-.15
Agroforestry systems* Proportion 1.5e-3 .01 0-.14
Home garden* Proportion 9.7¢—4 3.8e-3 0-.02
Remaining forest Proportion .89 18 .10-1
Presence of pasture investments upon arrival Yes=1 15 35 0-1
Changes in farm size since arrival
Land sold since arrival Hectares -.58 3.33 24-0
Land purchased since arrival Hectares 12.40 29.10 0-130
Farm characteristics
Tenure upon arrival ZT_NA variables
Received from INCRA" Yes=1 .20 .40 0-1
Bought or traded Yes=1 74 44 0-1
Acquired lots from INCRA or via purchase/trade Yes=1 .06 24 0-1
Tenure in 1996" ZIN variables
Documentation of presence” Yes=1 .30 46 0-1
Definitive title Yes=1 .70 46 0-1
Document indicating purchase of land
by current owner Yes=1 24 43 0-1

(continued)
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Table A.1—Continued

Standard
Variable description Unit Mean deviation Range
Farm characteristics (continued)
Farm resource endowments le variables
Water, year round Yes=1 .88 33 0-1
Land quality, one restriction
Best soil, little limitation Yes=1 .06 24 0-1
Low fertility Yes=1 21 41 0-1
Land quality, multiple restrictions®" Yes=1 0-1
Land quality, waterlogging Yes=1 .03 17 0-1
Land quality, severe slope Yes=1 .26 44 0-1
Transportation ZTR variables
Time to market, dry season Minutes 132 81 9-420
Ratio of time to market
(rainy season/dry season) - 2.3 4.8 1-48
Other farm characteristics Variable and
project dummy Z°
Lot opening date Year 1981 29 1973-94
Location of lot 1=Theo .53 .50 0-1
(Project — PP/AC or Theo/RO)
Community characteristics and market access
Local organizations Z°°M variables
Farmers’ associations Yes=1 .95 22 0-1
Evangelical church” Yes=1 74 44 0-1
Government—sponsored union Yes=1 .36 48 0-1
Transportationi ZIR variables
Number of types of vehicles on the
road, dry season Modes 1.6 1.0 04
Seasonal change in number of modes
(dry — rainy) Modes 0.4 0.7 0-3
Flow of vehicles, most frequent, dry
season Number/month 32.0 42.0 0-210
Farmer and household characteristics
Origin of head of household Z" variables
Raised in North" Yes=1 22 42 0-1
Raised in Central West Yes=1 .05 22 0-1
Raised in Northeast Yes=1 11 32 0-1
Raised in Southeast Yes=1 41 49 0-1
Raised in South Yes=1 21 41 0-1
Migration history Z]t{_A variables
Number of states passed through Number 1.30 0.80 0-3
Urban experience Yes=1 44 .50 0-1
Moved directly to lot upon arrival Yes=1 .67 47 0-1
Lived with friend/relative upon arrival Yes=1 25 44 0-1
Worked on a fazenda upon arrival Yes=1 .08 28 0-1
Number of moves within project Number .19 .49 0-1
Date 1996 farmer arrived on lot Year 1987 4.8 1973-96
Household endowment upon arrival Z2 5 variables
Resources brought Months 4.50 5.30 0-18
Household size upon arrival Number of people 5.06 2.85 1-15
Proportion of adults upon arrival Proportion .70 25 27-1
Steady off-farm income source Yes=1 .04 .20 0-1

(continued)



114

APPENDIX A

Table A.1—Continued

Standard
Variable description Unit Mean deviation Range
Farmer and household characteristics (continued)
Household endowment upon x arrival year
of arrival, interactive terms
Resources brought x arrival year
Household adults x arrival year
Household children x arrival year
Steady off-farm income x arrival year
Other characteristics of head of household 7" variables
Literacy (read and write) Yes=1 .33 47 0-1
Ownership unchanged (1994-96) Yes=1 .94 24 0-1
Nonresident owner, managed by tenant Yes=1 .02 .14 0-1
Notes:  INCRA is the Instituto Nacional de Colonizacdo Reforma Agraria. PP/AC is Pedro Peixoto, Acre, and Theo/R is Theobroma, Rondo-

nia, the sites studied here. A fazenda is a large-scale cattle ranch. “Months” indicates the length of time that resources farmers brought
with them would last.

+

a

b

Indicates variables included here for reference purposes only. They do not appear in the regressions.

Indicates reference variables (omitted from blocks in the regressions).

Indicates proportion of total operational holding in that land use for the indicated year.

Includes area intercropped with annuals and first-year pasture (sensitivity analysis on treatment of intercropped area in regres-
sions suggested this grouping).

Agroforestry systems, usually intercropped with perennials, are considered perennials for purposes of comparability with 1994
data.

A high negative correlation with proportion of farm remaining in forest in 1994 prevents inclusion of both variables; other re-
sults are robust if this variable is substituted for 1994 forest proportion in the equations.

Calculated assuming the same size home garden in 1996 existed in 1994 for purposes of comparability with 1996 data (this dif-
ference is usually slight but should give a more accurate picture of standing forest area in 1994).

For approximately nine cases, titling situation of the land was not known; missing values estimated based on the larger sample—
a logit with dependent variable 1996 tenure situation (successfully categorizing 85 percent of valid cases).

Fertility and rockiness, sometimes with slight slope.

Every road sampled contained a Catholic Church.

This variable is reported at household level but refers to passage of vehicles along the road in front of the farm.
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Table A.2 Factors Influencing land use, Tohit estimates and block F-tests

Dependent variables

Annual

Variable Variable Annual perennial Perennial

description labels Forest Pasture crops Fallow intercrop crops

Farmer characteristics

Origin of household Block F-test 1.00 2.76%* 1.45 0.31 2.21% 1.14

head

(t<arrival) Central-West 0.05 —0.08 0.03 0.00 —0.01 0.02
Northeast 0.05 -0.01 -0.02 0.01 0.02 -0.04
Southeast -2.59E-03  0.03 2.62E-04 0.02 —0.06* —-0.04
South 0.03 —0.05 0.03 -0.01 -0.05 -0.03

Migration history Block F-test 4.41%* 3.63%* 1.20 0.05 7.96%** 5.45%%*

(t<arrival in project) Urban experience 0.06%** —0.05%** 0.02 —-0.01 —-0.01 —0.05%**
Number of states visited -0.01 0.01 —2.02E-04 —-1.99E-03 0.06%** 0.00
Block F-test 1.61 0.42 1.91 0.10 4.16* 2.77*

(t<arrival in lot) Direct to lot -0.02 0.02 0.03%* —-0.01 —0.05%* -0.02
Ranch experience -0.03 0.04 0.01 0.00 —0.18*** —-0.03
Number of within
project moves 0.04* 1.33E-03 -1.99E-03 —-0.01 2.80E-04 —.04H%%

Literacy

(t<arrival) Household head literate —-0.02 0.03* —0.04*** 0.02 0.01 0.04%*

Human and financial

resources

(t=arrival) Arrival date —0.01* 437E-03 -2.21E-05 2.76E-03  0.01*** —-1.32E-03
Block F-test 2.29% 4.38%%* 2.32% 0.43 4.27%%* 2.19%
Resources brought 0.01** —2.81E-03 1.42E-03 -1.26E-03 -9.00E-04 —1.85E-03
Off-farm income 0.01 —-0.02 —-0.03 0.03 0.14%%* 0.02
Household size 1.91E-03  —0.01%** 1.78E-03 1.44E-03  0.00 0.01**
Proportion adults 0.09%* —0.13*** —-0.03 -0.03 0.11%%* 0.06**

Farm characteristics

Land status

(t=0) Lot opening date —0.01* 0.01* —8.26E-04 0.00 0.00 0.01

Land tenure Block F-test 6.20%** 6.17%%* 0.06 0.08 1.30 0.08

(t=arrival) Bought/traded 2.08E-03 0.01 2.94E-03 8.01E-04 -0.03 0.00
INCRA and other —0.19%** 0.17%%* —-0.01 0.02 -0.10 0.02
Block F-test 1.51 8.99%** 1.54 0.46 5.47%%* 1.23

(t=1996) Definitive title —-0.04 0.08*** -0.01 —-0.02 0.07%%* —-0.03
Purchase document 0.03 —0.06%* 0.02* —-0.01 0.05%* -0.01

Management Block F-test 0.09 0.00 0.39 0.07 T.47%%* 0.33

(t=1994-96) Ownership change -0.01 —2.23E-03 0.01 0.02 0.19%** —-0.02

(t=1996) Tenant managed 0.02 —2.01E-03 —-0.02 0.02 0.02 —0.04

Collective action

availability Block F-test 2.54* 5.64% % 3.49%* 0.53 1.27 3.78%*

(t=1996) Farmers’ association 0.01 0.07 —0.06%* —0.04 0.01 -0.05
Evangelical church 391E-03 0.03 —0.03** 0.01 0.01 —0.04**
Labor union —0.06%* 0.10%** —0.03%** -0.02 0.05* 0.02
Block F-test 1.72 0.06 6.22%** 0.02 0.75 0.10

(t=arrival to 1996) Land sold -1.03E-03 —-6.09E-04 —7.89E-05 —548E-04 —1.50E-03 8.41E-04
Land purchased 8.62E-04** 1.02E-04 —8.43E-04***-508E-05 -5.11E-04 8.55E-05

(continued)
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Table A.2—Continued

Dependent variables

Annual

Variable Variable Annual perennial Perennial

description labels Forest Pasture crops Fallow intercrop crops

Farm characteristics (continued)

Land quality Block F-test 1.52 4.55%%* 2.00% 1.35 3,98 4.85%%*

(all t) Year-round water 0.01 0.01 —0.04%** 0.03 0.05%* —0.06%**
Best soil —4.50E-03  0.07 —-0.02 —0.11%* —0.11%** 0.11%**
Low fertility —0.06** 0.10%** 0.01 —-0.04 0.02 -0.03
Waterlogging 5.96E-04  0.13%* -0.03 -0.03 -0.29 —-0.04
Severe slope —0.06%** 0.09%** —2.52E-03 0.04 —0.05%** —-0.01
Block F-test 5.41%** 12.00%** 0.95 1.06 7.97 %% 1.58

(t=arrival) Farm size —9.65E-04*** 1.42E-03*** 2.94E-04 4.84E-05 —1.87E-03***—5.48E-05
Proportion cleared —0.21%* 0.23%** —-0.02 —0.13* 3.43E-03 0.12%*
Pasture investments 0.03 -0.01 -0.01 0.02 —0.04* -0.01
Block F-test 31.17%%* 35.29%%* 3.34%* 4.16%** 6.03 %% 5.59%%*

(t=1994) Proportion forest, 1994 0.78*** —0.69%* —0.10%* -0.03 0.09 0.07
Proportion perennial, 1994 0.44%%* —1.05%** 0.01 0.49%* 0.26 0.12
Proportion annuals, 1994 —0.56%* 0.44** 0.15 0.01 —0.28* 0.19
Proportion annual/
perennial, 1994 -0.25 -0.20 —0.40%* —-0.09 1.04%** 1.29%**
Proportion fallow, 1994 0.37** —0.82%%* -0.01 0.46%%* 0.19 0.08

Transport Costs Block F-test 1.66 4.57%%* 0.61 1.99* 4.39%%* 3.07%*

(t=1996) Time to market 2.60E-04* -2.32E-04* -3.16E-05 1.42E-04 —5.26E-05 —1.36E-04
Rainy/dry ratio -1.38E-03  2.22E-03 6.51E-04 5.67E-04 1.05E-03  —3.27E-04
Number of types of vehicles —1.91E-03  —0.02** —3.88E-03 3.81E-03  0.02%** 0.02%**
Seasonal change in # of
types of vehicles 0.03* —0.03* 0.01* 0.00 -0.01 0.00
Flow of vehicles 1.84E-04 —4.94E-04** 1.01E-04 7.06E-04%** 5 18E-04***_5 95SE-04***

Project dummy —0.14%%* 0.12%%* -0.02 —0.05 0.07* 0.05%**

Constant 33.45%%%  _D6.42%** 1.87 -1.77 —20.75%* -8.63

Chi-squared (46) 219%** 211%** 62* 46 133%** 95***

N 96 96 96 96 96 96

Note: Bold type indicates results of F-tests.

* Statistically significant at the 10 percent level.

koK

skoksk

Likewise, in the farm characteristics block,
we first examine the impacts of land status,
land tenure, land management schemes,
and collective action (outside the
framework of the bioeconomic model) on

Statistically significant at the 5 percent level.
Statistically significant at the 1 percent level.

land use patterns, before moving on to ex-
amine the roles of land quality and other
farm characteristics, since these, too, are
explicitly included in the bioeconomic
model.



APPENDIX B

The Farm-Level Bioeconomic Model

his appendix algebraically describes the structure of the farm-level bioeconomic model

used to generate the policy and technology simulations presented in the body of this re-

search report. Detailed footnotes in this appendix are used to explain how the general
model is modified to reflect the objectives of, and constraints faced by, a particular set of
small-scale agriculturalists in the western Brazilian Amazon. Definitions of indices, variables
(all in capital letters), and technical coefficients important to understanding the equations ap-
pear in Tables B.1, B.2, and B.3.

The bioeconomic linear programming (LP) model maximizes the net present value of con-
sumption over a 25-year planning horizon.”™” Revenues are generated from the sale of milk,
beef cattle, calves, food grains, Brazil nuts, coffee, bananas, and family labor.**®' These rev-
enues minus production and transportation expenditures become available to reinvest on the
farm or to satisfy the family’s consumption needs. The farm household chooses the intertem-
poral allocation of savings (S) and consumption (D) that maximizes its utility (U) over the plan-
ning horizon; ¢ indexes years (1 to 25) and p indexes seasons (1 = dry season, 2 = wet season).

Profits (I1,) are the revenues minus production costs and expenditures on basic
food/clothing and agricultural equipment.* D,, is thus the consumption of nonessential goods

78Technically, the model operates on a 15-year planning horizon. To extend the time horizon to 25 years, and to
simultaneously avoid the pitfalls associated with terminal conditions, the model is first run for 15 years, the so-
lution for year 5 is extracted, the model is rerun using year-5 solutions as the "starting points" for the second 15-
year run, and so on, until a 25-year horizon is reached, which requires 5 runs of the 15-year model.

"Baseline and other simulations presented in this report use a 9 percent discount rate, constant 1992/93 prices
over the entire planning horizon (unless otherwise stated), and initial conditions for selected farm types based on
field survey data and presented in Table 4.1 of the main text. Sensitivity analyses based on alternative price sce-
narios, different discount rates and other key parameters were performed and the results are summarized in Chap-
ter 4.

$9Revenues from the sale of household labor are restricted in all simulations. Hiring out of family labor and hir-
ing in daily labor in the baseline are each restricted to 15 person-days per month. Other baseline restrictions on
input and output transactions are the absence of credit and a 50 liters per day limit on daily milk sales.

81Neither production risk (related to weather and pest shocks, for example) nor price risk is included in the
model. Inclusion of either would be expected to increase resources dedicated to annual crop and livestock pro-
duction, which, in turn, would likely increase deforestation. However, inclusion of other sources of risk (for ex-
ample, human health risk) may have profound effects on both deforestation and use of cleared land.

82Receipts from sales are net of transportation costs, which vary by season and mode of transport, and include
family labor. For example, grain transported by truck to market costs R$91 per round trip, as estimated from
1996 field data and adjusted to 1993 prices.

117
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Table B.1 Important indexes in the bioeconomic linear programming model

Indexes Description Element
Initial value Initial value at year t =0
a Livestock type al, milking cows
a2, beef cattle
c Costs of activities cl, seasonal livestock cost
c2, other monthly costs
h Trips to market hl, using oxen
h2, using trucks
m Months ml, May
m2, June
m12, April
0 Levels of soil nutrients ol, firstlevel
Deficiency 02, second level
03, third level (refer to Figure B.1)
p Seasons pl, dry season
p2, wet season
pr Products prl=rice; pr2 = corn; pr3 = beans;
pr4= manioc; pr5 = coffee; pr6 = bananas;
pr7= brizantdo; and pr8 = kudzu
r Rotations rl, rice and corn intercropped followed by beans
r2, rice in monoculture followed by beans
r3, corn in monoculture followed by beans
r4, manioc
r5, coffee with corn and beans the first 2 years
r6, pure stand of bananas
r7, pasture brizantdo
r8, pasture brizantdo with the legume kudzu
t,T Planning horizon tl to t25 (in agricultural years), “T” denotes the final year of the planning
horizon
v Technologies vl, low-level, commonly observed in the study area
v2, intermediate level
v3, high-level, practices recommended by Embrapa
y Vintage yl to y20 (in years), to track the ages of animals, rotations, and so on
X Extractive products x1, Brazil nuts

x2, timber

s>

and services such as extra food, extra cloth-
ing, educational services, televisions, cars,
parabolic antennas, and so on. Savings (S,,)
can be accumulated. The maximization is
subject to economic/factor constraints and
agronomic/environmental constraints.

225 poy 2 250,-s,
MAXU= ¥ ¥ ———=3% % 1

poti=t (14D poiemn (1) M

Tables B.1, B.2, and B.3 provide labels

and brief descriptions of indexes, variables,

and technical coefficients that will be useful

references for the material presented in the
remainder of this appendix.

Economic Restrictions

The following economic restrictions are
placed on the farm household’s maximiza-
tion problem.

Cash in hand in any season p plus credit
taken in the first season of year t must meet
minimum family expenses, loan repayment,



THE FARM-LEVEL BIOECONOMIC MODEL

119

Table B.2 Relevant variables in the bioeconomic linear programming model

Variable Description Unit of measure
I, Profits R$/season
Aggvpt Livestock head/season
CFyy Cleared forest hectare/year
Dy Consumption R$/season
E, Total indebtedness R$/year
Fy Fallow (y1 to y6) and primary forest (y7) hectare/year
Hjnt Trips to market trip/month
Jprm Stocks of foodgrains kg/month
IBpmt Foodgrain purchases kg/month
IS prmt Foodgrain sales kg/month
Ko Cash balances R$/season
KB, Borrowed cash R$/year
LH,, Labor hired in (adult males only, md = man-days) md/month
LS, Household labor sold off farm (adult males only) md/month
LT, Labor transferred among activities (adult males only) md/month
ND, Nutrient deficiencies in cleared areas kg/year
NO, Stocks of nutrients in cleared areas kg/year
NOF, Stocks of nutrients in forested areas kg/year
Ppormt Production (summed over each rotation) kg/month
Riyut Land in particular rotations hectare/year
Spt Savings R$/season
Land agronomically available for but not used in:
SA, Annuals hectare/year
SPe, Perennials hectare/year
SF, Forest (secondary forest/fallow) hectare/year
SP; Pasture hectare/year
SR, Rehabilitated pasture hectare/year
Up Value of the objective function RS (discounted)
Kt Extractive activities: x1 (Brazil nuts); 20 kg/month
x2 (timber products) m*/month
W Rehabilitating pasture land hectare/year
Z i Short-term foodgrain loans kg/month

Farm-households have access to family
and off-farm labor, and the former is di-
vided into “adult male” and “other” cate-
gories. Adult males can perform all tasks,
and are most efficient at them. Other
household laborers include females,

and costs of purchases of agricultural in-
puts, including hired-in labor.**¢

Kp + KB, 2 mkp+(k+e) En+eE por +Coe1pA aypr
+ 222 2 C c=2yvmt (Rryvt +Fm +Hhm‘
T y v mep

+ X xm)+ ¥ wagem LHm (2)

mep

8 The dry season comprises five months (May to September) and the wet season seven months; cash is fungible
across months within seasons, but not across seasons.

84For all simulations, food expenses are composed of fixed and variable components, while living expenses (for
example, sugar, cooking oil, and basic clothes and tools such as hoes, plows, and seeders) are fixed and inde-
pendent of household size or composition. Fixed food and living expenses are set at R$118 per month, and are
treated as seasonal in nature, that is, expenses can be “smoothed” across months within seasons, as long as total
cash available to cover them is R$590 = R$118 times 5 dry-season months (or R$826 = R$118 times 7 rainy-
season months) or more. Variable production and labor costs are a fixed proportion of the level and type of ac-
tivities available to farmers. Costs of producing annual and perennial crops are composed mainly of seeds, bags,
and transportation costs. Primary livestock costs are fences, animal replacements (mortality rates are nonzero),
and health and sanitary costs.



120 APPENDIX B

Table B.3 Technical coefficients in the bioeconomic linear programming model

Variable Description Unit of measure
mk,, Minimum seasonal expenses for fixed costs and

some food and family items R$/season
i Discount rate Y%/year
Cep Variable production costs, by activity R$/season
k Loan repayment rate R§/year
e Interest rate on loan Y%/year
Ifm,, Adult males in the family (md = man-days) md/month
Ifo,, Other family members (expressed in adult equivalents) md/month
Ify, Adult male labor needed to clear one hectare of forest of age y md/month
Ixm,, Adult male labor needed to extract timber (per hectare

of forest) md/month
Ixo,, Labor of any type needed to extract Brazil nuts

(per hectare of forest) md/month
lagyyp, Labor of any type needed for herd management

(by age of animal and technology) md/month
Irmyy, Adult male labor needed for crop production, by rotation,

age, and technology” md/month
1r0pyym Labor of any type needed for crop production,

by rotation, age, and technology” md/month
lh, Labor of any type required for marketing md/trip
COprm Grain storage losses per crop %/month
Jprm Household foodgrain requirements per crop kg/month
Tipryv=im Seed requirements (for v1 technologies only) by rotation” kg/month
Qpr Farmgate prices by crop R$/unit
nd,, Yearly nutrient demand, by rotation and technology® kg/year
Yldpryy Monthly yields, by rotation, age, and technology” kg/year
11} S Nutrient deficiency response function, by rotation and product proportion
nf, Nutrients released by slashing/burning the forest of age y* kg/year
naf, Nutrients accumulated on fallow land of age y* kg/year
wage,, Daily rural wage R$/day
Qayyy Farmgate animal prices R$/1 head

“per hectare.

children and the elderly, who cannot per-
form some tasks (for example, forest
felling, pasture establishment, and timber
extraction), and are less efficient than adult
males in all tasks that they can perform, that
is, their task-specific labor coefficients are
smaller than those for adult males. Only
adult males can be hired in, and only adult
male family members can sell labor off
farm.

Two constraints account for the specific
type of labor needed to perform particular
agricultural activities: one for activities that
only adult males can perform (equation 3),

and a second (equation 4) for tasks that
other household members can perform
(though less efficiently than males). The
switching function (variable L7) links the
two constraint equations by allowing “‘ex-
cess” labor from the adult-male-only tasks
to tasks that can be accomplished by any-
one. Adult male labor can be sold off-farm
and adult male additional labor can be hired
on-farm at variable monthly wage rates, but
both types of labor flows are limited in the
model (to 15 man-days per month, unless
otherwise indicated) due to labor market
imperfections.



THE FARM-LEVEL BIOECONOMIC MODEL 121

The monthly labor constraint for tasks
performed by adult males only is®

Ifmy + LH e~ LS LT e
> %%%lrmmmR 6yvt (3)

+ %%lfymCFyvt-"lemXX:th

The monthly labor constraint for activi-
ties performed by any household member
(measured in adult equivalents) is

1fom + LTm 2 XX X110 e 7yvmR rywt
ryv
£ I35 20 A s “)
ayv
+ IXOmszlmt_'—%lhmHhmt

The adult male equivalents for produc-
tion activities varying by age and sex are
presented in Table B.4.

Household food security can be ensured
by growing the basic grains (rice, corn, and
beans) and manioc needed to meet family
nutrient intake requirements or by purchas-
ing these foods in the market, either with
available cash or by securing short-term
loans to purchase food.** Food products
(except milk and beef) can be stored for
later consumption, to use as seed the fol-
lowing year, or to sell at a later date. (There

must be paid back at the end of the year at
twice its original value:

Jpnnt+annt 2Jprm vpr<7 (5)

Stocks of foodgrains are subject to a
monthly volumetric upper bound (based on
average storage capacity identified by field
research and defined in the initial condi-
tions), and product-specific spoilage rates
are applied. Manioc and beans store better
than rice, and stored corn, which is espe-
cially susceptible to insects, rodents, and
spoilage due to humidity, experiences a 30
percent yearly loss:

Jprmtﬂ = JO + COprm Jprmt + Pprmt+l
+ JBprth + ZprmH—]

- jprm _Zerrprvzlm R")’V:“‘H
= JSp[mtJrl v Pr< 7 (6)

In lieu of explicit treatment of risk in the
model, Equation 7 requires households to
maintain a minimum of R$500 (in any sea-
son) in cash or quickly saleable assets such
as grain stocks or livestock:

is no milk or beef consumption minimum
requirement). If stored grains are not suffi-
cient to meet family needs, a short-term
food loan (Z) can be taken in any month but

Z 2 qpernnt-l_Ey'zv"qaayv Aayvt

mep pr<7

+ K 12500 @)

85For the purposes of the baseline and other simulations appearing in this paper, the following information on
labor supply, demand, and costs are relevant: family members cannot work more than 26.1 person-days during
peak months and 21.7 during the off-peak months; chainsaw operators can be hired at R$27 per day (R$22 per
day for the service plus R$5 in operating costs-gas and oil); unskilled labor can be hired at R$7 per day during
May and June, R$5.60 per day during other peak labor demand months, and R$3.70 per day during the off-peak
months; and again, no more than 15 person-days can be hired in or sold out in any month. Hired labor is 1.125
times more expensive to account for supervision costs.

8For all simulations, monthly food consumption is equal to 15 kilograms of rice, 19.2 kilograms of corn (mainly
to feed animals), 1.8 kilograms of beans, and 8.4 kilograms of manioc per adult equivalent and is drawn from
field data. The archetypical household contains 4.29 adult equivalents, and household size and composition are
constant over the planning horizon. Monthly household food consumption requirements, therefore, equal 4.29
times the numbers above for each product. Short-term consumer credit to meet food security needs can be taken
out in any month. As much cash as necessary can be borrowed to meet food needs, but these loans must be re-
paid at twice their value by the end of the calendar year.
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Table B.4 Adult male equivalents for production activities

Age group Sex Role Male equivalent
04 M, F Dependent 0.0
5-14 M, F Agricultural and extractive activities 0.5
15-54 M All activities including slash and burn
and fence building 1.0

15-54 F Agricultural and extractive activities 0.5
55-64 M All activities including slash and burn

and fence building 0.6
55-64 F Agricultural and extractive activities 0.3
> 65 M, F Dependent 0.0

Note: EMATER and Embrapa, personal communications.

Production credit can be taken in any
year other than the last year of the planning
horizon T; total indebtedness at any point in
time (Et) cannot exceed R$2,000, an initial
condition of the model:

Ew1 =Eo +(1 _k)Et
+KBuisr - Eoriot ®)

Grain stocks can be sold in any month
of the year, once monthly family nutritional
requirements have been met. Transporta-
tion time and costs depend on the availabil-
ity of transportation means (for example,
car, bus, ox, and so forth), road infrastruc-
ture and distance to the market, as specified
in the initial conditions (see Table 4.1).
Households can also supplement their in-
come by extracting timber (not permitted in
the baseline simulation) and Brazil nuts or
by selling adult male labor off-farm (again,
up to the specified limit).

Agronomic Restrictions

One of the novelties of this LP model is the
explicit treatment of several biophysical
“realities” known to constrain product and
technology choice in areas with nutrient-

poor and acidic soils.*” These realities are
introduced into the model in two ways:
first, rotations and sequences of rotations
(indexed by r) are restricted to particular
types of land, where “type” refers to the
characteristics of particular plots of land
(for example, soil nutrient availability) that
are determined in part by their previous
uses, which the model “knows.” Second,
yields for annuals, perennials, and pastures
deteriorate over time (in product- and tech-
nology-specific ways) if they are cultivated
on the same plots of land.

Land dedicated to a particular rotation
can be maintained in that use, abandoned to
fallow, or put to a set of other agronomi-
cally feasible uses. Land maintained in a
given rotation grows “older” each year; this
aging process is accounted for by the index
y. Four rotational constraints capture the
soil structure and weed invasion effects of
continuous cropping in the region. The
unidirectional arrows between land uses in
Figure 2.2 are modeled using a set of
“switching” variables that allow the model
to switch land from more restrictive to less
restrictive uses. For example, land planted
to annual crops in one period can be
switched to fallow, perennials, or to pasture

%Some of these realities, such as restrictions on the types of cultivating practices one can follow, are deduced
from field data and data collection activities. Yield loss coefficients are derived from farmer interviews and dis-

cussions with agronomists and soil scientists.
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in the next period. As explained below,
switches from less to more restrictive land
uses are not allowed without accompanying
investments. In addition, the model restricts
land allocated to all land uses to the 60
hectares available on the model farmer’s
lot.

In any given year, area that is agronom-
ically available for annual cropping can
come from one of two sources (1) land al-
located to annual cropping the previous
year, or (2) recently cleared forest or fallow
land (CF). If it is financially worthwhile,
however, some of the land available for an-
nual cropping could be allocated to one of
three other uses (SA4): perennials (with
proper investments), fallow land, or pas-
ture. So land actually allocated to annual
cropping in a given year consists of the pool
of agronomically available land for that
purpose, less the land unallocated because
of economic concerns:®

ZRr<4t=ZRr<4t_1+CF‘_SAl (9)

Similarly, area agronomically available
for perennial cropping in a given year con-
sists of the previous year's perennial crops
plus the area that could have been used for
annual cropping, but wasn’t (S4). From this
agronomically suitable pool of land, again,
only part might actually be allocated to this
year's perennial crop, and part (SPe) to an-
other use for which it is agronomically suit-
able (fallow or pasture):

§R3<r<7t = Zr'R3<r<7t.1+SAt_SPC[ (10)

Land in forest (considering both mature
forest and secondary forest fallow) for a
given year starts from a base of land in for-
est the previous year, less the area cleared

(CF), plus land that has been in rehabili-
tated pasture for five years (after which it
has accumulated the biomass equivalent to
a three-year fallow, as is explained further
below) (SR). The pool of land agronomi-
cally available for forest (specifically, a new
fallow) also includes land that could have
been used for perennials (either because it
was previously planted to perennials or an
annual crop) but wasn't (SPe). As before,
the farmer may find it economical to defer
fallowing some of this land (SF), instead al-
locating it to the alternative suitable use
(pasture):

F.=F, - CF +SR ,+SPe - SF, (11)

Pasture in a given year follows the same
basic pattern: land agronomically available
for this use consists of the previous year’s
pasture, plus the area that could have been
used for fallow, but wasn’t (SF), minus the
area that the farmer decides not to allocate
to pasture (SP):

YR 6t = ZR oy + SFi—SP: (12)

This land (SP) is switched to a rehabili-
tating pasture cycle, part of a pool of reha-
bilitating pasture lasting five years. Land
emerging from this rehabilitation cycle (SR)
enters the forest/fallow category of land as
a year=3 fallow, so appears in equation
(11), in effect closing the land use “circuit.”

As equation (12) indicates, degraded
pasture can be replanted or rehabilitated.
Rehabilitating pastures are accounted for
separately from fallow land (previously ded-
icated to annual or perennial crops only) to
reflect the longer-term nature of investments
needed to return them to productive use.
Once pastureland has been rehabilitating

88Note that, for each variable, the model tracks land in each category suggested by subscripts listed in Table B.2.
Equations (9) through (12) present aggregations from the level of detail available in the model up to aggregate
land use categories: annuals, perennials, forest, and pasture (that is, across all specific rotations, technologies,
and vintages). The subscripts over which the aggregations occur are dropped in equations (9) through (12) for

simplicity.
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Figure B.1 A hypothetical nutrient response function
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for 3 to 7 years, depending on the soil qual-
ity, it can return to the normal stock of fal-
low land and be put back into production.
This short-term irreversibility (pasture can-
not go directly into other uses) could be
eliminated by mechanical tilling and fertil-
izer applications. However, mechanical till-
ing is still not economical in the study area,
and is not an option in the model.

Stocks of soil nutrients, especially nitro-
gen and phosphorous, are known to be lim-
ited in the study area’s soils. Fertilizers can
be added to correct for these natural defi-
ciencies, but those available commercially
were expensive (in 1994), so most farmers
choose not to use them and knowingly ac-

cept lower yields. To account for natural
stocks of nutrients and the effects insuffi-
cient supplies of nutrients on crop yields,
several constraints and relationships were
introduced into the model.

Crop nutrient requirements can be met
through natural nutrient stocks (NO) or by
applying fertilizers (the latter source is only
valid for V3 technologies and appears in the
profit and cost function only).

NO¢ + X X X ND vy
r v£3 o

> 333 ndrvRr<rm (13)

yrv

If available nutrient stocks (regardless
of source) are less than those required to
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achieve maximum yields, the nutrient defi-
ciency variable (ND) become positive and
yields decline:

Ppr<7mt = %%% yld,pr<7va ryvt
=2 2 E07 5o ND ot (14)

r v#£3 o

From equations (13) and (14) it can be
seen that when ND is equal zero, maximum
production (P,) is achieved. However, if
nutrient requirements are greater than the
stock of nutrients available (that is, when
ND is positive), output declines according
to the nutrient response function nr (a posi-
tive number that linearly maps nutrient de-
ficiencies into yield reductions).

Figure B.1 depicts this relationship,
plotting nutrient availability (horizontal
axis) against yield (vertical axis). At any
point on the horizontal axis to the right of
N; yields are unaffected by nutrient avail-
ability; that is, maximum yields are
achieved. As nutrient deficiencies occur
(that is, as we move to the /eff of N, on the
horizontal axis) yields begin to decline,
slowly at first, if nutrient levels are between
N; and N,. At N, (a decline in nutrient avail-
ability equal to c), for example, yield losses
are b. The nutrient response function (the
curved line in Figure B.1) is thus given by
b/c, and output (P) is equal to [yld ., — (b/c
*ND)] * Rycom

That is, total output for a given product
is equal to potential yield minus yield de-
clines due to nutrient deficiencies times

total area dedicated to that product. The
model approximates each rotation’s (R)
yield response function by linearizing the
relationship between nutrient shortfalls and
yield, and represents them as three sections
of increasing severity of nutrient deficiency
shortfall and yield decline:

0=1,0=2,and o =3 (the “steps” iden-
tified at the bottom of Figure B.1).

If'yield declines caused by a nutrient de-
ficiency are “less costly” to a farmer than
correcting for them by deforesting new land
or applying chemical fertilizers, the model
optimally allocates the “stock™ of nutrient
deficiencies across the various rotations.

If, instead, the model determines that it
is less expensive to open new areas (that is,
to increase NO, the natural source of nutri-
ents in the model), then fallow or primary
forest or both are cleared. To account for
these alternative sources of nutrients, the
model must keep track of the stock of nutri-
ents in the cultivated areas (equation 15)
and stocks in the fallow and forested areas
on the farm (equation 16).

NOt+1 = NOpTNO¢
+ 2 2nfy CFyw (15)
y v

NOF¢+1 = NOFo+tNOF¢
- Xnfy CFyw
y v

+ nafy F
y% Y (16)
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