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Abstract

This paper presents models of land allocation among
primary forest, crops, pasture and secondary forest on small
farms in the Brazilian Amazon. The discussion begins with a
review of theoretical arguments as to why demographic vari-
ables should influence environmental outcomes at the house-
hold level, to complement population-level arguments more
commonly alleged. The paper then focuses on the case of
Uruard, a frontier colony along the Transamazon highway in
the Brazilian state of Para, for an empirical analysis of land
use in the Amazon frontier. Use of seemingly unrelated
regression models allows efficient estimation of the effects of
the explanatory variables, while accounting for the effects of
correlated error terms among forest, crops, pasture and
regrowth. The findings highlight the importance of house-
hold-level demographic processes for environmental change,
and bear implications for future resource use and policy pro-
posals in the Amazon as well as for research on human-envi-
ronment interactions.

Keywords. household, demography, land use, Amazon,
Brazil

Introduction

In many areas of environmental studies, there is long-
standing interest in the role that demographic processes play in
the alteration of biophysical systems. Over the past decade,
discussions of population-environment interactions have
become more salient in the demographic community (e.g.,
Arizpeet al. 1994; Mazur 1994; Nesset al. 1993; Pebley 1998;
UN 1994). Most attention to demographic influences on the
environment is pitched at a macro level, wherein aggregate
population characterigtics are posited to influence regional or
global change (e.g., Bongaarts 1992; Cohen 1995; Davis and
Bernstam 1991; Keyfitz 1991; MacKeller et al. 1998;
Panayotou 1996; Perz 2002a; Preston 1996; Smil 1994). This
is true in part because existing theories of environmenta
change that feature demographic factors tend to focus on pop-

ulation size, growth, or density (e.g., Jolly 1994). Two promi-
nent examples are neo-Malthusian notions that population
growth leads to resource degradation (e.g., Ehrlich and Ehrlich
1990; Green 1992; Kates 1996; Smail 1997), and theories
inspired by Boserup (1965) that population-induced techno-
logical innovations might avoid or aleviate degradation (e.g.,
Angelsen and Kaimowitz 2001; Binswanger and Ruttan 1978;
Feder et al. 1985; Turner and Brush 1987). Less common are
micro level frameworks of household demography as an influ-
ence on environmental outcomes (e.g., Lutzenheiser and
Hackett 1993). Micro-level models provide the valuable ser-
vice of differentiating among groups within populations to bet-
ter deal with questions concerning human ecology and envi-
ronmental impacts of distinct subpopulations. More systemat-
ic attention to micro-level demographic factors would broaden
the relevance of demography for human ecology research and
environmental studiesin general.

This paper focuses on land use alocation among small
farms in the Amazon, featuring the role of household demo-
graphic factors.2 Population processes occupy a central role
in the “human dimensions’ of land use, as articulated in the
Science and Implementation Plans developed by the interna-
tional land cover/land use change community (Lambin et al.
1999; Turner et al. 1995). TheAmazonisacrucia casefor an
examination of household demographic effects on land use,
given the region’s extensive deforestation (e.g., Houghton et
al. 2000; INPE 2001; Skole and Tucker 1993) and its many
local, regional, and global environmental consequences (e.g.,
Fearnside 1990; Gash et a. 1996; Jordan 1986). The core
argument isthat the “location” of ahousehold initslife cycle
isan important determinant of land use allocation (Marquette
1998; McCracken et a. 1999; Perz 2001a; Waker and
Homma 1996; Walker et a. 2002). The “location” of a house-
hold’s life cycle, refers to a set of demographic characteris-
tics of a domestic group that includes the household's dura-
tion of residence and its age composition. Households that
differ in terms of these demographic characteristics occupy
different “locations’ along a domestic life cycle trgjectory.

In the context of focusing on household demography and
forest change in the Amazon, an analysis of land use aloca-
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tion advances our understanding of population-environment
interactions for three reasons. First, existing household level
models of land use in tropical Latin America pay limited
attention to demographic factors such as duration of resi-
dence or age structure. Though characterization of a house-
hold's life cycle “location” may require severa indicators,
many analysts use few or none (see Perz 2001&; Walker et al.
2002). Second, virtually al of the literature on land use and
land cover change in the Amazon focuses on one outcome,
such as analyses of deforestation. Thisistrue of deforestation
models at the regiona level (e.g., Pfaff 1999; Reis and
Margulis 1991; Wood and Skole 1998) and the household
level (e.g., Alston et al. 1999; Godoy et a. 1997a, 1997,
19983, 1998b; Oz6rio de Almeida and Campari 1995). Such
“one category” analyses, while vitally important, provide in-
complete assessments of land cover/land use change dynam-
ics. Third, the few available analyses that consider multiple
land use or cover types in the Amazon focus on “primary”
forests (i.e., old-growth) and land in productive use, but do
not distinguish land taken out of production, or abandoned,
and now regrowing into “secondary” forests, or regrowth
(e.g., Jones et a. 1995; Pichon 1997; Reis and Guzmén
1994). Whereas deforestation bears negative environmental
consequences and may lead to unsustainable land use,
regrowth has potentially positive implications for environ-
mental services (e.g., Brown and Lugo 1990; Gascon and
Moutinho 1998; Houghton et al. 2000; Lugo and Brown
1992; Unruh 1988) and rural livelihoods (e.g., Anderson et al.
1991; Dubois 1990; Nair 1993; Redford and Padoch 1992).
Land use allocation models, to be complete, must separately
consider regrowth (Perz and Walker 2002).

This paper proceeds in three sections. The first section,
which provides a theoretical background, has two parts: a
review of the theoretical basis for considering household
demographic factors in models of land use allocation, fol-
lowed by a discussion of land use patterns among small farm
households in the Amazon. This discussion highlights key
land use outcomes and notes when they become important as
househol ds proceed through their life cycles. The second sec-
tion covers data, variables, and findings and has three parts.
It first introduces the study case of Uruard, a frontier colony
on the Transamazon highway in the Brazilian state of Parg,
and the site of a survey of family farms in 1996. Next, it
reviews the explanatory and outcome variables in the analy-
Sis by presenting operational definitions, descriptive statis-
tics, and correlations. Finally, it presents models of primary
forest, cropland, pasture, and secondary growth on farm lots
in the survey, using seemingly-unrelated regression equations
(SURE) to obtain efficient estimates of coefficients in the
presence of correlated error terms. The models show con-
trasting but significant effects of household life cycle vari-

ables for the four land use outcomes. These findings provide
empirical evidence to support greater atention to demo-
graphic variables as influences on resource use and environ-
mental change at the household level. The third and final sec-
tion draws some conclusions and discusses the importance of
household demographic change for future land use in the
Amazon, policies that promote sustainable livelihoods along-
side forest conservation in the region, and research on
human-environment interactions in general.

Theoretical Background

Chayanov’s Theory of Household Life Cycles
and Land Use

The theoretical foundation of the importance of house-
hold life cycles for land use was laid by A.V. Chayanov, who
studied farming practices among peasants following the 1917
Revolution in Russia (Thorner et a. 1986). Chayanov ob-
served that peasant households contained families with dif-
ferent age structures, and that those households also farmed
different quantities of land. He reasoned that age structures
are older in households with larger numbers of economically
active adults and/or smaller numbers of dependent children,
both of which allow for greater allocation of labor to agricul-
ture. This, in turn, enables cultivation of larger land areas.
Chayanov extended this insight about abor availability and
child dependency by noting that the age structure changes
through the course of a household's life cycle. He distin-
guished among life cycle stages, where early on the house-
hold age structure is young (due to the presence of infants
and young children), and relatively little land is farmed due
to limited |abor available for agriculture. As time passes, the
average age increases and children become more economi-
caly active, alowing expansion of the land area cultivated.
By distinguishing households in terms of their age structure,
Chayanov provided a domestic life cycle explanation for dif-
ferences in land area cultivated anong Russian farms.3

Chayanov’s insights are generalizable from post-revolu-
tionary Russia to frontier areas of the Amazon because both
cases exhibit agricultural production under conditions of
land abundance (Pichdn 1996; Thorner et al. 1986). However,
Chayanovian theory makes five assumptions that hinder
direct application to agriculture in tropical regions of Latin
America (Ellis 1993; Netting 1993). First, it does not address
complexities arising from migration of farm households to
new biophysical environments. This raises questions about
the impact of region of birth and duration of residence on
adapting land use strategies to new circumstances (Moran
1989). Second, it assumes that agricultural input, credit, and
product markets are very limited, largely precluding the pos-
sibility for generation of monetary incomes or investment in
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capital inputs. Thisis more common in the Amazon and calls
for attention to the use of agricultural capital and credit as
influences over land use. Third, Chayanovian theory assumes
that labor markets are also limited so that farm families do
not generally hire or sell labor. However, both are relatively
widespread in Amazon frontier zones, which requires an
account of hired labor and income from family wage work.
Fourth, it assumes that land use involves a more or less
homogeneous set of agricultural practices shared by all
households. In the Amazon, however, some agricultura
households may emphasize crop cultivation while others
focus on ranching, and yet others exhibit highly diversified
systems (Perz 1998; Pichon 1996; Walker et a. 2000, 2002).
Fifth, Chayanovian theory focuses on productive activities
and neglects fallowing practices (Walker 1999). In the
Brazilian Amazon, most soils are inadequate for sustained
crop cultivation (e.g., Moran et a. 2000; Nicholaides et al.
1984; Sanchez 1994), and this necessitates fallowing or risk
of land degradation, abandonment, and regrowth.

Household Life Cycles and Land Use Dynamics
in the Amazon

Walker and Homma (1996; see also Marquette 1998)
recognize the shortcomings in the Chayanovian model and
provide an adaptation of the household life cycle argument to
the case of small farm familiesin the Brazilian Amazon. They
Situate farm families in a context where |abor can be hired or
sold, credit and capital are available, production is often des-
tined for markets, households may diversify or specialize in
their land use, and regrowth is present. The distinctions
among land uses are of particular importance, as each in-
volves different land, labor, and capital requirements, and
also bears a particular set of environmental implications. The
economic and environmental distinctions among land uses
provide a means of linking household demographic charac-
teristics to land cover outcomes. This linkage prompts these
authors to argue that household demographic composition
and change dispose farms to engage in different land uses
through the course of their life cycle, and to allocate some
share of their land to secondary growth.

Walker and Homma (1996, 68-73) articulate a stylized
case wherein colonists migrate to the Amazon frontier as
young families who establish farms by clearing plots of for-
est. Having spent much of their savings on the move, and
often with responsibility for young children, the parents
begin by cultivating annual crops, such as rice, beans, corn,
and manioc. Annuals require considerable labor inputs for
clearing, planting, weeding, and harvesting, but land and cap-
ital requirements are limited. Because annuals produce soon
after planting, they constitute a low-risk agricultural strategy
(e.g., Pichdn 1996; Serrdo and Homma 1993). Given the low

capital requirements and low level of risk, young households
or recent arrivals with limited labor and high child dependen-
cy generally plant annuals to secure a basic subsistence.
However, because Amazon soil fertility declines with repeat-
ed cultivation on a given plot, households must periodically
clear more forest to sustain production of annuals, implying
arisein deforestation and regrowth over time. At this stage,
farm lots have little cleared land, but in labor-scarce house-
holds, weed invasions hinder productivity and make emer-
gence of regrowth more likely, leading to plots of secondary
vegetation (Maxwell 1980; Scatenaet al. 1996; Thiele 1993).

As the seasons pass, farmers gain experience in Amazon
agriculture, the labor of growing children makes larger con-
tributions to the household labor pool, and farms accumulate
a stock of deforested land unfit for further production of
annuals. These changes — learning about locally appropriate
agricultural techniques, expansion of available household
labor alongside declining child dependency, and more cleared
land — reduce the risk aversion of colonists. They then use
the income from early harvests or proof of land claims to
obtain credit, purchase capital, or hire labor and diversify into
more market-oriented activities, particularly perennial crops
and/or pasture for cattle.

Older households with larger labor pools often plant
perennials, or tree crops, such as cocoa, coffee, coconuts, and
black peppers (Marquette 1998). Perennials not only involve
substantial labor inputs during planting, harvesting, and pro-
cessing, but also require significant capital inputs in the pur-
chase of seed or saplings (Pichon 1996). Older households
with sufficient labor may thus plant perennias on weedy
plots where tree crops can still compete, thereby shifting land
out of fallow (or deforesting) and into production. Because
perennias require 4-7 years of growth before the onset of
production, and because they are subject to insect and fungal
attacks, they pose greater economic risk to households than
annuals. However, perennials often command higher prices
than annuals, so the former are eminently cash crops, with
production destined for local or regional markets. Perennias
aso offer environmental advantages because they can be
planted on land formerly under annuals, as tree crops can tap
nutrients deeper in the soil, and they contribute to soil reme-
diation by providing cover and reducing erosion (e.g., Serréo
and Homma 1993; Pich6n 1996).

Older households with less available labor often shift
land into pasture for cattle (Marquette 1998). Pasture is valu-
able because it indicates investment in agriculture, which
raises land values (Perz 2001b). In addition, ownership of
cattle constitutes a capital reserve that acts as an insurance
substitute, which can be liquidated to cover unforeseen costs,
such as from an illness (Pichén 1996). Smallholders cannot
afford to buy many cattle due to the high capital cost and
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extensive land areas required. Small farm households often
convert several adjoining plots previously used for cropland
into pasture, and purchase a few cattle for breeding and
expansion of the herd. Ranching has often been vilified as a
cause of deforestation due to the large land tracts required
and the unsustainability of production on many pasture grass-
es, which leads to weed invasions and severe land degrada-
tion (e.g., Nepstad et a. 1991; Serrfo and Toledo 1990).
However, the low |abor requirements and the insurance func-
tion of cattle make ranching an attractive land use option
among farm households in the Amazon (Tourrand et al.
1996), especially in the context of emerging urban markets
for beef in the region (Faminow 1998).

McCracken et al. (1999, 1313) summarize Walker and
Homma's (1996) discussion in a diagram that links life cycle
stages to the extent of land allocated to different uses, includ-
ing secondary growth. They distinguish between five stages
of a household's life cycle, where each stage corresponds to
a specific duration of residence, household age structure, and
land use alocation. Stage | involves young parents with
young children who are newcomers (duration of residence
under 5 years), and own land largely covered in primary for-
est, with some clearing for cultivation of annuals. In Stage
I, parents have growing children, a duration of residence
around 5 years, and allocate less land to primary forest and
more to annuals, young perennials, newly-formed pasture,
and emergent regrowth. Stage 11 is characterized by older
parents with teenage children, a duration of residence around
10 years, less forest decline than before, a reduced emphasis
on annuals, greater attention to cattle pasture, and increasing
regrowth. In Stage 1V, parents are older still, children begin
to reach young adulthood, duration of residence is around 15
years, forest clearing ceases, ranching and perennials pre-
dominate, and regrowth expands further. Finaly, in Stage V,
after 20 or more years, children may begin to leave the farm,
perennials production is high, and regrowth increases yet
further.

Previous discussions can be extended to consider differ-
ent household and land use dynamics beyond Stage V. Two
possible trajectories present themselves. The first tragjectory
follows that posited by McCracken et al. (1999), where out-
migration of young adults occurs as they leave to establish
their own farms or find urban housing and employment.
Under this scenario, labor availability declines, but so does
dependency and demand for subsistence production, leading
to the cessation of forest clearing, areduction in theland area
under crops and pasture, and the continued expansion of land
under secondary growth. However, a second trajectory is pos-
sible if grown children stay in the parental household (Perz
and Walker 2002). This reflects a“generational transition” as
the older generation passes control of the property to the

next. Thisis likely if the young adult generation consists of
couples with young children since the farm provides the
security of an established productive enterprise for heirs.
Under the “generational transition” scenario, new clearing of
primary and/or secondary forests may be necessary for
renewed crop cultivation and/or pasture formation as young
children again expand demand for subsistence.4

This discussion suggests that anong small farms in the
Amazon, the evolution of household age structures is paral-
leled by the evolution of land use allocation. As households
move through their life cycles, their farming experience, de-
pendency, and labor availability change. As aresult, the lat-
itude households that have to make land use decisions also
changes. Therefore, land use alocation should be different
among households with age structures that indicate different
“locations” along their life cycles.

Data, Methods and Findings

The Uruard Survey

The objective of this paper is to empirically assess the
significance of household life cycle factors for land use allo-
cation between primary forest, cropland, pasture, and sec-
ondary growth among small farms in the Amazon. Data for
this empirical assessment are available from a recent survey
of small farm households in Uruarg, a colonist community
situated on the Transamazon highway with a township locat-
ed at Lat. 03°42'54" S, Long. 53°44' 24" W in the Brazilian
state of Pard, in the eastern Brazilian Amazon (IDESP, 1990).
Map 1 shows the location of Uruard in Pard, situated in the
“Legal” Amazon of Brazil. Uruaré began in the early 1970s
asacolonization project to resettle |andless peasants from the
Brazilian Northeast (IDESP 1990).> Colonists were given
lots of 100 hectares (247 acres) and began cultivating annu-
as, later diversifying into perennials, and most recently mov-
ing into cattle pasture, with some reforestation. In the mid-
1980s, high prices for perennia crops stimulated a second
wave of in-migration, raising the municipality’s population to
about 25,000 by 1991, with over 11,000 being migrants since
1980 (IBGE 1996). Uruard’s population has since risen fur-
ther, exceeding 37,000 by 1996 (IBGE 1998a) and 45,000 by
2000 (IBGE 2001). Uruara is an appropriate site for an
assessment of how life cycle factors among farm households
affect land use allocation in the Amazon for three reasons:
1) this community consists almost entirely of family farms,
2) the Transamazon highway corridor exhibits substantial
deforestation for crops and pasture, but also significant re-
growth (e.g., Moran et a. 1994), and 3) it is situated near
research sites in the Amazon where Walker and Homma
(1996) and McCracken et a. (1999) gathered data in devel-
oping their theoretical frameworks.
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Map 1. Study Site in Uruara, Para
Legal Amazon, Brazil
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In June and July 1996, a nine-member research team
consisting of North American and Brazilian social and agri-
cultural scientists administered a survey questionnaire to
farm households in Uruara. The questionnaire was divided
into two parts, where the first addressed household character-
istics and the second concerned land use practices. House-
hold items addressed migration history, material wealth, and
the age composition of the families present. The land use
component included items pertaining to reported land under
forest, cropland, pasture and secondary growth. The sample
includes 261 households, or 12% of al rural establishments
in Uruard at the time (IBGE 1998b). These households
together owned 347 lots, and the same questions were asked
for each lot owned by a household. Systematic sampling
proved intractable because houses on many |ots were not vis-
ible from roadsides, and sampling the nth house encountered
was problematic because residents were frequently absent.
Instead, the team sampled on the basis of “first opportunity”
and employed a cadastral map from the Brazilian Amazon’s
regional agricultural agency, EMBRAPA/CPATU, to ensure
that samples were not clustered spatially or selective of
households by socioeconomic status.

Operationalization, Description and Correlations of
Explanatory and Outcome Variables

Table 1 presents operational definitions, descriptive sta-
tistics, and correlations for the outcome and explanatory vari-
ables. Data from the Uruar survey alow construction of

indicators of primary forest, cropland, pasture, and secondary
growth on farm lots in the sample. Two points about the oper-
aionalization of the outcomes deserve mention. First, while
it would in some ways have been more attractive to separate-
ly model annuals and perennials, given their different labor
and capita inputs and the distinct farming strategies they rep-
resent, data from the Uruaré survey do not alow for this dis-
tinction as it pertains to land use alocation. This does not
represent a shortcoming of the questionnaire instrument per
se, but illustrates the fact that annuals and perennias are
often interplanted (Pichdn 1996; Serréo and Homma 1993),
making it impossible to separate the two for purposes of
modeling land allocation. Second, natural log (In) terms are
employed for the four land allocation categories. Raw values
for the land uses took highly skewed distributions (values
over three) that |ed to weaker models than those presented in
this paper, and cal culating percentages was unnecessary since
virtually al lots were the same size (100 hectares). All four
outcome variables are thus measured as the In of hectares
(ha). Antilogs of the natural log means in Table 1 show that
lots had on average 53.5 ha of primary forest, 2.9 ha of crop-
land, 10.2 ha of pasture, and 2.0 ha of regrowth. The sizeable
standard deviations for the land use outcomes indicate sub-
stantial variation among cases, which implies diverse land-
scapes among the lots in the sample. Correlations among the
outcomes reveal systematic associationsin land alocation in
the farm lots surveyed. In general, it is expected that as pri-
mary forest area declines, the land area under other uses
increases. Thisis confirmed by the negative correlation coef-
ficients between primary forest and the other three outcomes,
and the positive correlations for crops with pasture and
regrowth.

Seven groups of one or more explanatory factors in
Table 1 are considered: socioeconomic background, initial
land cover, context of lot, institutional context, remittances
and hired labor, land management practices, and life cycle
location. These variables frequently appear in household
models of land use and land cover in the Amazon and other
neotropical forests of Latin America (Alston et al. 1999;
Godoy et al. 1997a, 1997b, 19983, 1998b; Jones et al. 1995;
Oz6rio de Almeida and Campari 1995; Perz 2001a; Pichdn
1997; Welker et a. 2002). Key to thisdiscussion are life cycle
factors (Marquette 1998; McCracken et a. 1999; Perz 2001a;
Walker and Homma 1996; Walker et al. 2002). The other
variables, while important, will effectively serve as controls
in the models to come.

The discussion that follows highlights the reasons for
including the explanatory factors in the models to follow. At
this point, it is worth stating three general expectations con-
cerning the effects of explanatory factors on the land use out-
comes. Firt, factors that widen the decision-making latitude
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Table 1. Descriptive statistics for land use outcomes and explanatory factors,

farm lots, Uruarg, Para, 1996 (n=347).

Correlation with

Mean Std. Dev. Forest Cropland  Pasture  Regrowth
Land Use
Natural Log (In) of Hectares (ha) under Primary Forest 3.98 0.92 1
Ln haunder Cropland 1.08 1.67 -0.13* 1
Ln ha under Pasture 2.32 1.90 -0.20 ** 0.22 ** 1
Ln ha under Secondary Growth 0.70 2.02 -0.08 + 0.14* -0.02 1
Socioeconomic Background
Region of Origin (0=South or Southeast, 1=North, Northeast or Center-west) 0.33 048 0.00 -0.14 ** 0.02 -0.04
Initial Wealth (Factor Index) 0.00 1.28 0.11* -0.24**  -011* -0.08
Initial Agricultural Capital (Factor Index) 0.00 247 -0.02 -0.16 ** 0.01 -0.11*
Initial Land Cover
Ln ha Deforested at Time of Acquisition 0.26 2.38 -0.07 0.04 0.11* 0.08 +
Context of Lot
Ordinal Lot Number (1=1st, 2=2nd...6th) 1.25 043 0.03 -0.37*%  -034**  -0.23**
Kilometers to Uruard Town 31.16 15.49 027*  -033**  -035* -013*
Neighborhood Organization (0=No, 1=Yes) 0.34 047 0.05 -0.06 -0.01 -0.12*
Damage by Fire Set by Neighbor (0=No, 1=Yes) 0.21 041 -0.17 ** 0.17 ** 0.22**  0.19**
Ingtitutional Context
Use of Credit (0=No, 1=Yes) 0.46 0.50 -0.12* 0.29 ** 042*  008*
Assistance from Extension Agency (0=No, 1=Yes) 0.16 0.37 -0.19 ** 0.19 ** 0.15**  0.07
Remittances and Hired Labor
Remittance Income from Absent Family Member (0=No, 1=Yes) 0.11 0.31 0.08 -0.07 -0.13* 0.07
Ln Days of Labor Hired 2.25 224 0.03 -0.01 -0.03 -0.04
Land Management Practices
Agricultural Inputs (Factor Index) 0.00 212 -0.14* 0.26 ** 0.22**  0.06
Pasture Rotation (0=No, 1=Yes) 0.69 0.46 -0.13* 0.29 ** 061**  -0.04
Life Cycle Location
Yearson Lot 10.12 6.70 -0.13* 0.21 ** 0.23*  0.27**
Number of Elderly (Persons age 66+) 0.15 0.46 0.02 0.10 + 0.06 0.05
Number of Adults (Persons ages 15-65) 4.33 2.65 -0.07 0.14 ** 0.22** -0.01
Number of Adults Squared 25.76 30.65 -0.06 0.09 + 019**  -0.03
Number of Children (Persons under age 15) 2.93 2.83 -0.02 0.08 -0.01 0.04
Number of Elderly * Number of Children 0.64 3.87 -0.03 0.10 + 0.05 -0.03

+p<.15* p<.05* p< .0l

of households should serve to reduce the alocation of land to
primary forest cover and increase cropland, pasture, and sec-
ondary growth. This reflects the expectation that one key land
use dynamic in frontier settlements, such as in the Amazon,
involves the conversion of primary forest to various types of
land use or fallowing. Second, given that the production fac-
tor inputs differ somewhat between crops and pasture, the
effect of an explanatory factor on the first outcome is unlike-
ly to be the same on the second. In addition, given the fact
that much regrowth reflects fallowing of land taken out of
production (Perz and Walker 2002), explanatory factors that
give rise to more cropland or pasture will not always lead to
more regrowth. This reflects a third expectation that land put
into one form of use reduces the land available for other uses.

Thisis why land allocation among uses is important to con-
sider: not only do 100 halots with more deforestation neces-
sarily have less forest, but lots with more pasture also tend to
have less land under crops or regrowth.

The first group of explanatory factors concerns the
household's “socioeconomic background,” which refers to
the cultural and financial capital households brought to
Uruard” The household head's region of hirth (cultural cap-
ital) and factor-weighted indexes of the household's durable
goods wealth and agricultural capital upon arrival (financial
capital) are included.8 For region of origin, colonists from
more industrialized parts of Brazil (the South and Southeast)
are distinguished from areas with less agricultural technolo-
gy (the North, Northeast and Center-west). Coming from the
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south and bringing more capital should increase land use
decision latitudes, leading to less forest and more of the other
uses, particularly pasture. However, the bivariate correlations
are mixed: though Southerners had more cropland, more
wealth corresponds to less cropland and pasture.

“Initial land cover” serves as a control because many
households acquired lots that already had deforested land.
AsTable lindicates, initia land cover was operationalized in
terms of the In ha deforested when the current owner ac-
quired the lot. The antilog of the In mean was only 1.3 ha,
though the large standard deviation indicates considerable
variation. Moreinitia deforestation reduces the inputs neces-
sary for land use and also makes more extensive regrowth
possible, and the correlations, though weak, confirm these
expectations.

“Context of lot” comprisesfour indicators. First, it refers
to the place of agiven lotin afarming system. Thisisimpor-
tant because many households had more than one lot, and in
most instances the “first-order” lot was the most heavily
used. As aresult, higher-order lots (25% of all lotsin the sur-
vey) will likely have more forest and less cropland, pasture,
and regrowth, an expectation generally confirmed by strong
correlations. Second, context of lot reflects distance to mar-
ket. This influences land use decisions because transport
costs are high on muddy roads in much of the study area,
which reduce profits on produce as one moves farther away
from town. Survey data indicate that lots on average were
about 30 km from Uruard town, with substantial variation
around the mean. Greater distances should correspond to
more forest cover and less|and under the other use types, and
this expectation is confirmed by strong correlations. Third,
the presence of neighborhood organizations indicates
whether neighboring househol ds were mobilized against land
invasions and for cooperative labor arrangements, both of
which provide informal tenure security (Rudel 1995). This
may allow for more extensive land use, but it may also allow
owners to hold land in primary or secondary forest as an
insurance substitute, without fear of invasions and the loss of
land and forest resources (Alston et al. 1999). About 34% of
lots were in organized neighborhoods, but weak correlations
suggest ambiguous effects of socia mobilization on land
alocation. Fourth, lot context refers to damage to land cover
from fires set by neighbors. Such damage serves to reduce
primary forest cover, thereby making it easier to bring land
into production. However, damage may also exceed a house-
hold’s ability to use the land productively, leading to re-
growth. About 20% of lots had damage to land by fires, and
this shows strong correlations in the expected directions for
the outcomes.

“Ingtitutional context” encompasses two factors. First,
the use of credit indicates the importance of lending institu-

tions. Because it is a means to offset initial capital scarcity,
credit widens the latitude of households to make land invest-
ments.® Asaresult, accessto credit should correspond to less
forest and more of the other land uses. Nearly half of the lots
surveyed were owned by households with credit, and having
credit exhibits significant correlations for all outcomesin the
expected directions. Second, extension assistance indicates
whether government agricultural agents had ever visited a
given lot to provide advice on localy appropriate farming
practices. Extension agents in Uruara focus on productive
activities, so assistance will likely correspond to less forest
and more of the other uses. Only 16% of lots had been visit-
ed by extension agents, and in genera the expected correla-
tions that appear are significant.

“Remittances and hired labor” are included to assess the
effects of local |abor markets. The remittances variable refers
to whether a household had absent family members sending
money home, and this occurred among households who
owned 11% of the lots surveyed. Like credit, remittances can
offset initial capital scarcity and foster more land use, imply-
ing less forest. The correlations are weak but generally in the
right direction. Similarly, hired labor, measured as the In of
days of labor paid in the previous year, can offset household
capital or labor scarcity and encourage more land use and less
forest. Owners of the lots surveyed paid on average for 9.5
days of hired labor, but correlations show insignificant effects
on the land use outcomes.

“Land management practices’ account for two key tac-
tics that some households employ to sustain production on
their lots, namely the use of agricultural inputs (e.g., pesti-
cides and fertilizers) and the rotation of pastures. The agri-
cultural inputs measure is a factor-weighted index that re-
flects intensification via the adoption of chemical inputs in
order to sustain crop productivity.10 While some households
may intensify via use of inputs to reduce the land areaiin use,
others may do so to sustain production in larger areas. The
correlations suggest that the latter interpretation is correct, as
a negative association with forest and positive associations
with crops and pasture emerge. Pasture rotation is less am-
higuous, as this practice requires more land under pasture for
agiven number of cattle, implying lessland areafor the other
land use outcomes. Rotation, used on 69% of the lots sur-
veyed, shows a strong positive correlation with the extent of
pasture and a negative association with forest, but a surpris-
ing positive correlation with cropland.

Aside from the foregoing explanatory factors, “house-
hold life cycle location” should influence the allocation of
land on lots owned by small farm families (Marquette 1998;
McCracken et a. 1999; Perz 2001a; Walker and Homma
1996; Walker et al. 2002). Table 1 presents six variables that
together “locate” households along their domestic life cycles.
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The first variable captures the household’s duration of own-
ership of alot. Longer durations should correspond to better
expertise at land use, as households adapt to local conditions
through time by experimenting with and then adopting appro-
priate farming strategies (Moran 1989). Through the process
of experimentation and adoption, households will clear more
land, perhaps experience land degradation, and alow re-
growth to appear. As aresult, longer durations of time on alot
should correspond to less forest and more of the other land
use outcomes. The survey dataindicate amean duration of 10
years with substantial variation, and significant correlations
with the land use outcomes in the expected directions.

The next four life cycle variables— the number of elder-
ly, adults, adults squared, and children — allow for assess-
ment of age structure effects on land uses. While theoretical-
ly these four life cycle variables change in tandem with time
on lot, they are independent to the extent that children are
born over time and households arrive in the Amazon at dif-
ferent moments in their life cycles.1l The number of elderly
(persons age 66+) indicates older households declining in
size, and so should correspond to less forest, but also less
crops and pasture, as well as more regrowth, in reflection of
older households experiencing out-migration and reductions
in subsistence demand. By contrast, the number of working-
age adults (persons age 15-65) indicates household labor
availability, which should increase land use decision making
latitude and subsistence demand and thereby correspond to
larger production systems with less forest and regrowth and
more cropland and pasture.l2 An “adults squared” term is
aso considered in a model, which can indicate whether
greater labor availability has nonlinear effects on land use
alocation. More adults may not monotonically lead to more
crops and pasture beyond a certain point, but instead foster
diversification into non-agricultural activities, therefore
attenuating further increases in land use for crops and pas-
ture. The number of children (persons under age 15) indicates
younger household age structures and greater dependence,
which constitutes pressure to plant annual crops to meet sub-
sistence demands. This in turn implies more regrowth as soil
fertility declines, necessitating fallowing or increasing risk of
land degradation and plot abandonment. Table 1 indicates
that households had on average 0.15 elderly, 4.49 adult men
and women, and 2.93 children. The substantial standard
deviations for the age structure variables indicate that house-
holdsin the Uruara sample varied in their life cycle locations.
The anticipated associations for the elderly and children are
not significant, but the correlations for adults do reflect
expectations.

The last life cycle variable is an interaction term that
alows for evaluation of the “generational transition” argu-
ment. Households with many elderly members and children

imply a generational transition in control of the farm and the
emergence of a new generation with rising subsistence de-
mands. This interaction term, net of the independent effects
of elderly and children, should expand cropland and pasture
and reduce the extent of regrowth on farm lots.

Findings from Multivariate Models

Conceptually, land allocation involves a zero-sum game
of putting land under a specific use, in this case by removing
forest for crops or pasture and then letting productive land go
fallow so regrowth appears. Simply put, more of one use
implies less of one or more of the others. Therefore, it makes
little sense to construct separate models of forest, cropland,
pasture and regrowth. Because these outcomes are correlated
statistically, itislikely that residuals (error terms) from mod-
els of each outcome will also be correlated. This “stochastic
jointness” implies that OL'S models, which assume no corre-
lation among residuals, will yield inefficient estimates of
coefficients. A more efficient estimation technique is the
seemingly unrelated regression, or SURE (Zellner 1962;
Srivastava and Giles 1987). SURE simultaneously estimates
multiple equations and relaxes the assumption of uncorrelat-
ed residuals, in order to adjust the standard errors of the coef-
ficients to obtain more efficient estimates of the effects of
explanatory variables on the outcomes. As a consequence,
SURE can account for the interrelated nature of land usesin
an allocation model and provide better estimates of the
effects of life cycle variables and other factors.13

Table 2 presents findings from a four-equation set of
SURE models for primary forest, cropland, pasture, and sec-
ondary growth. Diagnostics from these equations indicate
that their error terms are non-independent. A Breusch-Pagan
test of independence was significant (x2 = 15.67, df = 6,
p < .05), indicating that the residuals are correlated.1 Thus,
the SURE results reflect more efficient estimation than would
four OLS equations.

The first column presents coefficients for the primary
forest model. The “context of lot” variables show the stron-
gest effects. Lots had more primary forest if they 1) were
located farther from Uruar& town and 2) had not incurred fire
damage. Among the life cycle variables, the number of chil-
dren was significant and negative, which suggests that sub-
sistence demand influences forest cover among the house-
holds surveyed.

The cropland model appearsin the second column and is
substantially stronger than the primary forest model (R2 =
0.32vs. 0.17). Moreover, the significant variables differ. Lots
had more land alocated to annual and perennia crops if 1)
the household had lessinitial wealth, 2) the lot was the “first-
order” lot in afarming system, 3) the lot was closer to Uruara
town, and 4) the household made heavier use of agricultural
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Table 2. SURE models of forest, crops, pasture, and secondary growth

regressed on life cycle location and other factors, farm lots, Uruard, Para, 1996.

Primary Secondary
Forest Cropland Pasture Growth
Intercept 377 ** 0.56 1.04* -0.63
Socioeconomic Background
Region of Origin (0=South or Southeast, 1=North, Northeast or Center-west) 0.03 -0.20 0.09 0.15
Initial Wealth (Factor Index) 0.01+ -0.07 ** -0.03 + 0.62
Initial Agricultural Capital (Factor Index) -0.03 -0.07 012 + -0.31**
Initial Land Cover
Ln ha Deforested at Time of Acquisition -0.03 0.01 0.04 0.27**
Context of Lot
Ordinal Lot Number (1=1st, 2=2nd...6th) -0.12 -0.99 ** -052* -0.82 **
Kilometers to Uruard Town 0.01 ** -0.02 ** -0.01* 0.01
Neighborhood Organization (0=No, 1=Yes) -0.03 0.15 041* -0.40 +
Damage by Fire Set by Neighbor (0=No, 1=Yes) -0.27 ** 013 035+ 055*
Ingtitutional Context
Use of Credit (0=No, 1=Yes) 0.03 -0.02 051* -0.32
Assistance from Extension Agency (0=No, 1=Yes) 021+ 0.24 0.003 -0.62*
Remittances and Hired Labor
Remittance Income from Absent Family Member (0=No, 1=Yes) 0.10 0.13 -0.18 0.61 +
Ln Days of Labor Hired 0.004 0.07 + -0.01 0.03
Land Management Practices
Agricultural Inputs (Factor Index) -0.04 + 0.12* 0.02 0.01
Pasture Rotation (0=No, 1=Yes) -0.07 0.38 + 1.84** -0.93 **
Life Cycle Location
Years on Lot -0.01 -0.02 -0.01 0.14 **
Number of Elderly (Persons ages 66+) 0.16 -0.10 -0.25 0.70 *
Number of Adults (Persons ages 15-65) 0.07 0.38 ** 0.09 0.08
Number of Adults Squared -0.003 -0.03 ** -0.0004 -0.01
Number of Children (Persons under age 15) -0.04 * 0.08 * -0.05 0.15**
Number of Elderly * Number of Children -0.01 0.01 0.03 -0.12 **
R2 0.17 0.32 0.46 0.27
F ratio 3.29 ** 7.37 ** 13.32 ** 5.78 **
n 314 314 314 314

+p<.15* p<.05* p< .0l

inputs. These findings reflect the strategies underlying annu-
a and/or perennial crop cultivation. For example, the nega-
tive effect of initial wealth likely implies that poorer house-
holds cultivated more annuals for food security, and perhaps
more perennials to obtain a cash income. The market distance
effect more likely reflects the importance of getting perenni-
a crops to town than selling of annuals, though small farms
do that too. And the use of agricultural inputs is largely for
perennials, which in recent years have incurred attacks from
fungal diseases. Aside from these factors, life cycle variables,
particularly indicators of age structure, confirm expectations
by exhibiting strong positive effects on land use alocation for
crops. The positive effects of children and adults suggest that
greater subsistence demands lead to the alocation of more

land to crops. Moreover, the negative effect of the adults
squared term suggests that land allocation to crop cultivation
peaks in households with six or seven adults, and declines
thereafter. This implies that especialy large households
increasingly allocate their labor to non-agricultura activities.

The third column presents the pasture model, which
emerges as the strongest of the four (R2 = 0.46). Again, stark
contrasts with previous models appear regarding the signifi-
cant variables. Lots had more pastureif 1) they were the first-
order lot in a farming system, 2) they were closer to Uruara
town, 3) they were located in an organized neighborhood, 4)
the owner had received credit, and 5) the owner practiced
pasture rotation. No life cycle variables indicate significant
effects on the allocation of land to pasture. Instead, small-
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scale ranching appears to be driven by credit, tenure security,
market access, and a commitment to pasture maintenance via
rotation.15

Thefourth and final column shows the secondary growth
model (RZ = .27). Again, the significant variables contrast
with those in previous models. Lots had more land under
regrowth if 1) the household had lessinitial agricultural cap-
ital, 2) the lot had more land initially deforested, 3) the lot
was first-order in a farming system, 4) the lot incurred fire
damage, and 5) the owner did not practice pasture rotation.
These findings indicate that capital scarcity, deforestation by
uncontrolled fires, and pasture degradation (from not rotat-
ing) lead to more extensive regrowth. In addition, severa life
cycle variables show strongly significant effects that follow
expectations. Lots also had more regrowth if 1) the ownership
duration was longer, 2) there were more elderly household
members, 3) there were more children, and 4) there was no
generational transition underway, indicated by fewer elderly
and children. The positive effects of ownership duration and
elderly members confirm expectations from McCracken et al.
(1999) of expanding regrowth over time and as households
reach later stages of their life cycles. In addition, the positive
effect of children supports arguments that annual crop culti-
vation is followed by fallowing early on in farm establish-
ment and the household life cycle. Finaly, the negative coef-
ficient for the elderly/child interaction term indicates a “gen-
erational transition” effect that attenuates or reduces
regrowth late in the household life cycle if the elderly gener-
ation passes control of afarm to the second generation with
children, who renew subsistence demands, expand the pro-
duction system, and reduce the extent of fallows (Perz and
Walker 2002).

Conclusions and Discussion

The findings confirm arguments derived from life cycle
theory that household durations of ownership, age structures,
and generational transitions influence different aspects of
land use allocation among small farms in the Amazon. This
provides empirical confirmation that household demographic
factors have diverse and complex effects on land use aloca
tion, understood more broadly than with a singular focus on
deforestation. The findings advance our understanding of
land use dynamics in the Amazon in three ways: 1) they
show that a nuanced appraisal of demographic factorsis nec-
essary to properly specify household models of resource use,
2) they go beyond commonly seen one-outcome models of
land use and land cover, and in so doing, 3) they separate sec-
ondary growth from other outcomes and show very distinct
explanatory factors. Together, the theoretical framework and
the multivariate findings imply a broader conclusion, namely

that the relevance of demographic variables for resource use
and environmental outcomes extends beyond a focus on
macro-level factors to those operating at the household level.

Land use dynamicsin Uruaré are complex and their sus-
tainability is questionable. To review briefly, annuals cultiva-
tion does not use much land at a given time, but may require
substantial deforestation over time since yields on a given
plot decling; perennials offer environmental advantages
because they can be planted on land previously under annu-
as, and because they provide shade that contributes to soil
remediation; pasture for cattle requires extensive land areas
which are subject to soil erosion and compacting, leading to
weed invasions that prevent forest succession; and regrowth
offers environmental services similar to perennialsthat aid in
soil remediation (e.g., Fearnside 1990; Pichdn 1996; Serréo
and Homma 1993). In recent years, there has been a shift
from perennials to pasture in many households because
prices on cash crops declined since the mid-1980s boom and
because of crop blights (IDESP 1990; Toni 1999; Tourrand et
al. 1996; Walker et al. 2000). The shift to cattle raises many
questions about pasture sustainability, as pasture degradation
is common in the Amazon, even to the point where succes-
sion toward primary forestsis prevented (Nepstad et a. 1991;
Serréo and Toledo 1990). Furthermore, there are growing
concerns about timber extraction in remaining forests as a
means of financing pasture remediation (Almeida et al.
1996). Selective logging opens forest canopy gaps and
increases fire risks (Nepstad et al. 1999), as witnessed by the
firesin the Amazon during 1998.

In addition to the shift to pasture, data from the Uruara
survey indicate largely inadequate fallowing practices.
Estimates of the fallow periods required for secondary
growth to renew soil productivity in the Amazon vary, but
they range from 5 to 10 years or more (e.g., Fearnside 1996,
24; Scatena et al. 1996, 35; Walker 1999, 405). By contrast,
among lots in the Uruard sample with cleared plots (n = 298
out of 347), 69% were managed with fallow periods under 5
years, 24% were managed by shifting plots directly from one
use to another, and only 6% were managed with fallow peri-
ods of 5 years or more. As aresult, it is not surprising that
respondents reported soil fertility declinesin 42% of the lots
surveyed. The concern over land degradation under colonist
land use systems has prompted many to call attention to
indigenous land use strategies such as agroforestry, which
combines crop cultivation with long fallow periods, where
fallows include economically important tree crops planted
among other species to hinder pest attacks (e.g., Beckerman
1987; Dubois 1990; Dufour 1990; Hecht 1982; Smith et al.
1995).

Recent demographic changes underway in the Amazon
and the life cycle framework presented here suggest that cur-
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rent land use patterns may not persist. Rural population
growth in the Brazilian Amazon has ceased, switching from
anannual increase of 1.5% during 1980-1991 to ayearly drop
of 0.9% during 1991-2000 (IBGE 1983, 1996, 2001). This
was due in part to a slowdown in regiona population gains
due to net migration (Perz 2002a). Nonetheless, land cover
change continues in the Amazon (INPE 2001). These trends
imply that contemporary land use in the Amazon is the result
of existing populations in frontier areas (Perz 2002b).

That said, macro-level demographic data beg questions
about micro-level demographic processes that may affect cur-
rent and near future resource use in the Amazon. The life
cycle framework suggests that as households continue to
move to later stages of their life courses, they allocate more
land to perennials and secondary growth. However, this
remains to be seen, and it may depend on how “generationa
transitions’ proceed among farm households.

The issue of generational transitions raises questions of
how the “second generation” of family farmholders will allo-
cate their land. On the one hand, if the “new” households go
through their life cycles and use land as their forebears, we
might expect reductions in the extent of land use as pasture is
abandoned to regrowth and the second generation focuses on
smaller plots of annuals. Preliminary analysis of a panel of
landholdings in one colonization area of the Ecuadorian
Amazon suggests that this may be the case (Murphy 2000).
On the other hand, the new households may choose to build
on the accomplishments of the first generation and continue
running cattle on pasture, perhaps even expanding cleared
areas. It istherefore possible that the second generation’slife
cycle, as it influences land use, will be very different from
that of the first. Because the second generation begins with
more cleared land and greater knowledge of local agriculture,
demographic changes may move small farms along a differ-
ent land use trajectory than the historical record shows.

The importance of household demographic changes for
land allocation therefore bearsimplications for policy formu-
lation for farm households in the Amazon. There are many
policy proposals for the Amazon that in some way seek to
generate livelihoods while conserving ecosystems and
resources. Two examples are intensification, often via tech-
nology adoption (e.g., Almeida et al. 1996; Angelsen and
Kaimowitz 2001; Sanchez 1994), and diversification, often
via agroforestry (e.g., Browder and Pedlowski 2000; Pichon
1996; Smith et al. 1995). A key finding of this paper is that
the demographic evolution of farm households as they move
through their life cycles alters land allocation because deci-
sion latitudes and risk aversion change. It is also likely that
changes associated with domestic life cycles will widen or
narrow the latitude families have to respond to a given policy
incentive. The aging of families, and the potential for gener-

ational transitions, means that policies directed at households
are in effect aiming at moving targets who may respond dif-
ferently over time. An instructive example involves agro-
forestry proposals, which seek to improve fallows by incor-
porating economically valuable species that add to household
income while providing environmental amenities. Promotion
of productive fallows may not generate substantial results if,
for example, a second generation of young householders
establish new claimswith little land cleared and no regrowth,
or older households et land go to fallow with no need for fur-
ther production. In the first case, the household has little fal-
low to improve; in the second case, the household has little
interest in making its regrowth generate income. A policy to
promote agroforestry via economic improvements to fallows
may have greater effects if it is tailored in some way to
households a specific points in their life cycles (Perz and
Walker 2002).

While this study focused on land alocation in one
Amazon colony, demographic processes involved in house-
hold life cycles likely also affect resource use elsewhere.
Here it is important to bear in mind the limitations of
Chayanovian theory regarding applicability to different his-
torical, cultural, economic and biophysical contexts (e.g.,
Ellis 1993; Netting 1993). However, it is aso crucial to rec-
ognize that adaptations, such as that of Walker and Homma
(1996), alow for the incorporation of demographic factors
into research on resource use in regions that differ from
Chayanov's post-revolutionary Russia. The importance of
household demography for farming is recognized in many
contexts around the world (e.g., Binswanger and Mclntire
1987; Chibnik 1987).

These observations call attention to the role of house-
hold demography in resource use among local peoples expe-
riencing rapid changesin their cultural, economic, and polit-
ical circumstances. In the context of economic globalization,
sustainable and longstanding resource use practices by in-
digenous and traditional peoples are in many places threat-
ened, at least in Latin America (e.g., Loker 1999; Pichon et
a. 1999; Redford and Padoch 1992). As alterations occur in
tenure regimes, accessto credit, market prices, and other con-
textua factors, the ability of households to respond to new
opportunities and constraints in resource use may depend in
part on their life cycle location. The interaction of contextual
and household changes produces varying responses in
resource management, not only among contrasting house-
holds but also among contrasting communities. This ongoing
interaction between changing contexts and households
requires a focus on household demography aongside com-
munity circumstances in order to understand land allocation
and other forms of resource use.
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Endnotes

Department of Sociology, 3219 Turlington Hall, University of
Florida, PO Box 117330, Gainesville, FL 32611-7330. Phone: 352-
392-0251, ext. 234. Fax: 352-392-6568. E-mail: sperz@soc.ufl.edu.
| speak of land use alocation rather than land cover allocation. While
land use and land cover are closely linked, the two are not the same
(e.g., Turner et a. 1995). The data employed in this paper are based
on categories of land uses as reported by landholders. Reported land
uses reflect the “functional” categorizations of households, in con-
trast to land cover categorizations derived from e.g. satellite imagery.
Some of the land uses discussed, such as primary forest, are often
regarded as land cover categories. Nonetheless, because the catego-
rization scheme employed here is based on the function of land as
viewed by landholders, categorizing land as primary forest still
reflects a use-based classification. This becomes more important for
pasture and regrowth because land that appearsin a satellite image as
regrowth may still be functionally categorized as pasture if the land-
holder runs cattle on it, i.e., uses that land as pasture (Perz and
Walker 2002).

Chayanov also considered household motivations for working more
or less (i.e., “drudgery”), which he also viewed as a function of inter-
nal dependency (Thorner et a. 1986).

One can imagine more complex dynamics over even longer
timescales. Threats of land degradation under new plots of annuals
and pasture may eventually force renewed fallowing, leading to a sec-
ond decline in the extent of primary forest and rise in the extent of
secondary growth. Under conditions of land abundance, however, this
is not likely to occur in the space of one generation.

Colonization of the Amazon accelerated while Brazil's military con-
trolled state policies. A hallmark of the military’s development poli-
cy was to encourage frontier colonization as an aternative to agrari-
an reform (e.g., Burns 1993; Skidmore 1999). Land redistribution,
which had been called for by civilian paliticians in the 1960s, was
one of the factors that precipitated the military coup in 1964. As a
result, by the 1970s, the state was building new highways into the
Amazon, ingtituting directed colonization projects, and offering fis-
cal incentives for capital investment (e.g., Mahar 1979; Ozério de
Almeida 1992). These policies helped stimulate rapid in-migration,
land settlement, rural conflicts, the emergence of a regional agro-
extractive economy, and land cover change (e.g., Browder 1988; Hall
1989; Schmink and Wood 1992).

A precursor to the present paper separately models the land area
under annua crops and the number of productive perennial plants
(Perz 2001a). These models have the shortcoming of treating the two
outcomes as independent, when in fact land allocation for annuals
and perennias is to an extent interdependent.

| also considered the household head's years of schooling as an indi-
cator of human capital. However, it was never significant in models
and had many missing values, so it is excluded from the models that
follow.

Variables and factor weights from principal components analysis for
the wealth index were: urban house 0.74, brick walls 0.48, electrici-
ty 0.63, generator 0.52, gas stove 0.63, sewing machine 0.54, refrig-
erator 0.73, radio 0.48, television 0.77, satellite dish 0.68, bicycle

10.

11.

12.

13.

14.

15.

0.54, and car 0.50. The factor with the weights used to calculate this
index accounts for 42.4% of the common variance of these 12 vari-
ables. Variables and factor weights for the agricultural capital index
were: chainsaw 0.81, cocoa dryer 0.63, and tractor 0.48. The factor
with the weights used to calculate this index accounts for 42.8% of
the common variance of these three variables.

| originally considered the formal tenure status of lots. Legal land
titles provide aformal type of tenure security because they imply the
presence of functioning legal institutions. Lots with titles may allow
longer-term planning for land use, and proponents of property rights
argue that this should reduce speculative deforestation (Alston et al.
1999). However, titles also valorize land and facilitate access to cred-
it, which may prompt users to invest more heavily in crops and espe-
cidly pasture. Because titles are usually necessary to obtain credit
(which had a high correlation with title status, r > 0.60), and because
credit exerted stronger effects, | exclude title status from the analysis
presented.

Variables and factor weights from principal components analysis for
the agricultural inputs index were: insecticides 0.74, fungicides 0.54,
herbicides, 0.53, chemica fertilizers 0.81, and organic fertilizers
0.58. The factor with the weights used to calculate this index
accounts for 42.3% of the common variance of these five variables.
Multicallinearity is not a problem among the life cycle variables.
Time on lot, elderly, adults, and children all have correlations of r <
0.15 except adults and children, where r = 0.45.

One might object that men and women play distinct roles in farming
systems and should therefore have separate variables to assess their
effects on land allocation. However, correlation analysis indicated a
strong association between the number of men and women (r > 0.60),
which hinders observation of differentiated effects by gender. Models
with separate variables for men and women tended to show strong
effects for one of the terms, indicative of multicollinearity more than
gender differentiation per se. Later models with a single variable for
adults exhibited stronger performance.

Of the 300+ lotsincluded in the analysis, three had no forest, 49 had
no cropland, 39 had no pasture, and 90 had no regrowth. These zero
valuesin many instances suggest varying degrees of “|eft-censoring,”
which can lead to biased estimates of significance in model estima-
tion. As aresult, one might object to the choice of a SURE approach
and argue instead for the application of Tobit models, which adjust
standard errors of coefficients for censoring (e.g., Maddala 1983).
However, Tobit models of each of the four outcomes generated
results that were very similar and substantively the same as those that
will be presented from SURE models. Given that finding and the con-
ceptua importance of recognizing the “jointness’ inherent in land
alocation, | opt for the SURE approach instead of separate Tobit
equations.

A correlation matrix of the four SURE models' residuals indicates
significant associations (p < .05) for forest and pasture (r = - 0.12),
forest and regrowth (r = - 0.12), and cropland and pasture (r = - 0.12).
Removal of the pasture rotation variable reveals a positive effect of
adults and a negative effect of children on pasture area (both p < .05).
This finding is consistent with the expectation that older households
(with fewer children and more adults) will have more pasture.
However, the model presented in Table 2 with pasture rotation was
stronger (R2 = 0.46 vs. 0.31).
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