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1. INTRODUCTION

In recent years, there has been a confluence
of scholarship that suggests that agricultural
diversification can serve as a strategy for
simultaneously promoting poverty reduction,
economic development and environmental
sustainability in poor regions with fragile eco-
systems (Angelsen & Kaimowitz, 2001; Ellis,
2000; Lee & Barrett, 2001; Pich�on, Uquillas, &
Frechione, 1999). Similarly, agricultural diver-
sification in forested regions has been held out
as a means for achieving productive conserva-
tion, defined here as the generation of higher
and less variable incomes while conserving
forest cover (Hall, 1997, 2000). Central to such
ideas is the question of whether agricultural
diversity provides a means of compatibilizing
distinct goals involving economic development
and environmental sustainability, which have
often proven to be countervailing and required
tradeoffs. 1

This paper takes up the case of the Brazilian
Amazon, a frontier region experiencing rapid
but uneven economic growth in tropical forest
ecosystems that are showing signs of increasing
degradation (e.g., Browder & Godfrey, 1997;
957
Hall, 2000; Wood & Porro, 2002). Given this
context, I focus on the question of how agri-
cultural diversity affects components of pro-
ductive conservation. Specifically, I draw on
data from a recent survey of small farm colo-
nists to model gross agricultural incomes (i.e.,
welfare generated by production) and primary
forest cover (i.e., conservation of the resource
base) using indicators of the diversity of agri-
cultural products and income sources and an
array of control variables. If greater agricul-
tural diversity generates higher and more stable
incomes while avoiding additional forest clear-
ing, it could be argued that such diversity
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promotes productive conservation, i.e., it ren-
ders development compatible with sustainability.
The findings of this analysis bear implications
for current discussions about productive con-
servation in forest frontier regions, and more
generally for initiatives seeking to promote
‘‘win–win–win’’ strategies for poverty reduc-
tion, economic development and environmental
sustainability.
2. BACKGROUND

(a) Strategies for ‘‘compatibilizing’’ production
and conservation

Below I review strategies aiming in some
fashion to compatibilize goals concerning
poverty, development and the environment, in
order to provide some context for proposals
focused on agricultural diversification and
productive conservation. The literature on such
strategies has become enormous since the
Brundtland report (WCED, 1987), and so to
strive for manageability, the review that follows
focuses on rural development via agriculture,
especially in humid tropical forest regions.
Even then, depending on how widely one reads,
one encounters numerous proposals grounded
in distinct disciplinary and area studies litera-
tures, so the review to follow will be cursory
and suggestive rather than exhaustive.
Longstanding policy strategies for rural

development, such as credit lines and subsidies
targeted for agricultural and extractive prod-
ucts, have increasingly focused on nontimber
forest products (NTFPs) and nontraditional
agricultural exports (NTAEs), which in some
instances have been proposed as environmen-
tally sustainable. NTFPs, including palm oils,
medicinal plants and other such income sour-
ces, have been held out as products that can be
produced sustainably for growing markets
(e.g., Anderson, 1990; Broekhoven, 1996,
IUCN, 1997). NTAEs have also been suggested
as means of increasing national incomes,
especially products for temperate markets in
the off-season, though their environmental
impacts have been debated since they vary
among products (e.g., Collins, 1995; Damiani,
2003).
Recent years have also seen proposals for

markets in natural capital and environmental
services (e.g., Costanza et al., 1997; Fearnside,
1997). With respect to forested regions, carbon
markets are of central importance (e.g., Palo,
1999; Zhang & Justice, 2001), and comprise a
key element of the clean development mecha-
nism (CDM) in the Kyoto Protocol (e.g.,
Fearnside, 1999; UNCTAD, 2000). While the
debate over ratification and implementation of
the Kyoto Protocol has received substantial
attention with respect to the environmental
implications, questions have also been raised
about the economic benefits to populations in
regions sequestering carbon or maintaining
key environmental services (e.g., Fearnside,
2001a).
Beyond market-based proposals for devel-

opment with conservation, research has
emphasized participatory approaches to sus-
tainable development, often featuring the vir-
tues of community institutions and common
pool resource management. Out of participa-
tory rural appraisal emerged a broader agenda
of inclusive strategies for governance of
resources, emphasizing local and indigenous
perspectives, knowledge, data collection and
management expertise (e.g., Pich�on et al., 1999;
Selfa, 2001). Participatory sustainable devel-
opment involves collaboration between local
people and outside institutions for, e.g., land
use planning, or transfers of technology and
knowledge (e.g., IDRC, 2000; Uphoff, 2002).
As a complement to this work on participatory
development, the literature on communities has
recently focused on the social and cultural
capital of local peoples as assets for sustainable
management (e.g., Agrawal, 1997; Agrawal &
Gibson, 1999; Colfor & Byron, 2001). Simi-
larly, empirical work on common-pool resource
use and its social and environmental implica-
tions has expanded vertiginously (e.g., Burger,
Ostrom, Norgaard, Policansky, & Goldstein,
2001; NRC, 2002).
Another active literature with ramifications

for development and conservation in tropical
forest regions concerns proposals for improved
forestry practices, including reduced-impact
logging (RIL) and timber certification. RIL has
been shown to reduce damage to forests while
generating higher profits to logging firms and
landholders (e.g., Boltz, Carter, Holmes, &
Pereira, 2001; Johns, Barreto, & Uhl, 1996;
Pinard & Putz, 1996). Timber certification
seeks to promote sustainable logging practices
via independent certification of timber for
export to specialty markets for high value-
added products (e.g., FSC, 2003; Vogt, Larson,
Gordon, Vogt, & Fanzeres, 1999).
A final body of work that merits mention is

research on agricultural intensification and
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technology diffusion. Both have longstanding
roots in the economic development literature,
for example, work on induced innovation (e.g.,
Binswanger & Ruttan, 1978; Feder, Just, &
Zilberman, 1985), which emphasized the capac-
ity for emerging markets to facilitate technology
adoption and rising agricultural productivity.
This generated theoretically broader work on
induced intensification, which considered tenure
regimes, environmental gradients and other
factors affecting aspects of agricultural intensi-
fication beyond technology adoption (e.g.,
Goldman, 1993; Turner II, Hyden, & Kates,
1993). The literature on agricultural intensifi-
cation and technology adoption has focused
increasingly on humid tropical forest regions
(e.g., Clay, Reardon, & Kangasniemi, 1998;
Godoy, 2001; Shriar, 1999). Substantively, such
work has centered upon the environmental
impacts of agricultural intensification and
technology adoption, now the subject of some
debate (e.g., Perz, 2003). These concerns
emerged alongside discussions seeking ‘‘win–
win–win’’ scenarios for economic development,
poverty reduction and environmental sustain-
ability, which have in turn raised the possibility
of agricultural diversification as a potentially
important means for achieving this goal.

(b) Agricultural diversity and ‘‘productive
conservation’’

Despite their focus on agricultural intensifi-
cation as a means for compatibilizing develop-
ment and sustainability in rural areas, the
discussions in Lee and Barrett (2001) also
emphasize agricultural diversity (see also An-
gelsen & Kaimowitz, 2001). For example, if by
intensification one means intensification of
labor inputs, this is often for the sake of adding
new enterprises to an agricultural production
system. After reviewing numerous case studies,
Lee, Barrett, Hazell, and Southgate (2001, pp.
458–460) suggest that agricultural diversifica-
tion can reduce poverty and foster economic
growth while also sustaining environmental
services and natural capital, thereby avoiding
tradeoffs. They cite several examples of diver-
sified agricultural systems, most of them
involving Latin American cases, that are sug-
gested as ‘‘best bets’’ for jointly addressing
production and conservation goals (Gockowki,
Nkamleu, & Wendt, 2001; Pender, Scherr, &
Dur�on, 2001; Schipper et al., 2001; Staal, Ehui,
& Tanner, 2001; Tomich et al., 2001; Vosti,
Witcover, Carpentier, Magalh~aes de Oliveira, &
Carvalho dos Santos, 2001a; see also Angelsen
& Kaimowitz, 2001).
This work corresponds to arguments from

other quarters. First, Ellis (2000) draws on the
regional diversification and household eco-
nomic literatures, and arrives at a similar
conclusion about livelihood diversity. He notes
that, on balance, agricultural diversity, as a
key element of livelihood diversity, reduces
risks of income variability across seasons and
may raise incomes, thereby promoting regional
development. At the same time, agricultural
diversity may afford greater nutrient uptake
and cycling that sustains production on exist-
ing plots, potentially reducing pressures to
expand use of land and other resources. Sec-
ond, the agroforestry literature makes similar
noises about diversity. Agroforestry research
also emphasizes diversification in production
systems, in large part by highlighting their
capacity to smooth incomes over time while
maintaining biodiverse vegetation cover that
provides environmental services (e.g., Ander-
son, May, & Balick, 1991; Nair, 1993; Smith,
2000). Third, the Lee et al. (2001) discussion
dovetails with local initiatives in tropical
regions such as the Amazon focused on
attaining productive conservation (Hall, 1997,
2000). This is because productive conservation
proposes to compatibilize the poverty, devel-
opment and environmental goals by identify-
ing production systems that can raise and
stabilize incomes while conserving forest cover.
Examples from Hall (1997, 2000) and other
research in tropical frontier areas (e.g., Smith,
Serr~ao, Alvim, & Falesi, 1995; Trinidade de
Almeida et al., 1996) often emphasize highly
diversified agricultural systems with multiple
crops and livestock.
That said, there are caveats, doubts, and

debates concerning the capacity for agricultural
diversification to compatibilize production and
conservation. Regarding the caveats, many
authors cited in the previous paragraph (e.g.,
Anderson et al., 1991; Ellis, 2000; Lee et al.,
2001; Nair, 1993; Trinidade de Almeida et al.,
1996) have emphasized the importance of labor-
intensive activities as crucial to allowing for
diversification in rural households who may
have limited land and/or capital. Further, many
authors highlight the need for diversification to
involve more than one high value commercial
product, often those that require intensive
husbandry as in small-scale or gardening
operations, such as many perennial crops
(e.g., Lee et al., 2001; Smith, 2000). If these
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conditions obtain, then diversification can
generate smooth and profitable returns to labor
while focusing production on small plots of
land, avoiding the need for forest clearing and
the consequent environmental impacts. That
said, other caveats apply. Lee et al. (2001, pp.
458–460) caution that win–win–win scenarios
involving agricultural diversity may also
require moderate population densities, off-farm
employment opportunities, appropriate tech-
nology, reliable infrastructure, secure property
rights, and effective local institutions, among
other things. They also note the high initial cost
of implementing diversified systems, and the
difficulties of successfully applying them in
many places or on larger scales (Lee et al.,
2001, pp. 460–462). In a related vein, Ellis
(2000) notes that the capacity of households to
engage in productive conservation depends on
their assets and strategies (e.g., Reardon, Tay-
lor, Stamoulis, Lanjouw, & Balisacan, 2000)
and resilience to external shocks (e.g., Gold-
man, 1995).
Aside from caveats, there have been doubts

that agroforestry and other diversified systems
can generate higher incomes than alternatives
such as pastoral systems for beef or dairy cat-
tle. But such doubts are increasingly being
questioned in light of data about diversified
production systems with high incomes per
hectare (Browder & Pedlowski, 2000; Trinidade
de Almeida et al., 1996; Yamada & Gholz,
2002).
A complement to the discussion about

incomes from diversified production systems is
a debate about the environmental implications
of agricultural intensification and diversity
(Perz, 2003). On the one hand are arguments
that intensification featuring diversified agro-
forestry or agropastoral systems will raise
incomes per hectare while also absorbing labor,
thereby reducing pressure to clear forests (e.g.,
S�anchez, 1994; Serr~ao & Homma, 1993; Smith
et al., 1995; Trinidade de Almeida et al., 1996;
Uhl & Nepstad, 2000). On the other hand are
arguments that intensification featuring mono-
cultures or extensive beef cattle systems will
lead to expanded land use and forest loss (e.g.,
Fearnside, 2002; Pich�on, Marquette, Murphy,
& Bilsborrow, 2001; Vosti, Carpentier, Wit-
cover, & Valentim, 2001b; White, Holmann,
Fujisaka, Reategui, & Lascano, 2001). While
this debate features intensification, it begs the
question of whether more diversified produc-
tion systems actually garner higher incomes
while conserving forest cover.
3. STUDY CASE, METHODS AND DATA

(a) The Uruar�a survey

To address questions about agricultural
diversity and productive conservation, I draw
on data from a recent survey of small farm
households in the Brazilian Amazon. The study
case is the municipality of Uruar�a, a frontier
community situated on the Transamazon
highway with a township located at Lat.
03�4205400

S, Long. 53�4402400
W in the Brazilian

state of Par�a. Uruar�a was established in the
early 1970s as a colonization project in the
central-eastern Brazilian Amazon to resettle
landless rural families from the impoverished
Brazilian Northeast. The state surveyed and
demarcated land into lots of 100 ha, on which
an initial wave of colonists began to settle and
implement small-scale farming systems
(IDESP, 1990).
From the 1970s to the 1990s, farm operations

expanded and diversified in Uruar�a (IDESP,
1990). Farm households in Uruar�a began by
cultivating annual crops (i.e., food crops such
as rice, beans, corn, and manioc). This reflected
the need of pioneers to establish land claims by
clearing forest as well as the necessity of pro-
ducing food to feed families. During the 1980s,
due to high commercial crop prices, colonists
diversified into perennial crops (i.e., tree crops
such as cocoa, coffee, black peppers, and
oranges). Prices made cocoa and black peppers
especially important as cash crops. At the same
time, many households converted cropland to
pasture for beef and dairy cattle. This occurred
due to new credit lines for smallholders, high
prices for beef, the limited labor absorbed by
ranching, and the ‘‘insurance’’ function of cat-
tle, which can be sold any time to pay for
medical and other expenses (Tourrand, da
Veiga, Quanz, Ferreira, & Sim~ao Neto, 1998).
By 1990, Uruar�a exhibited agricultural diver-
sification along with many of the conditions
noted by Lee et al. (2001) as important for win–
win–win scenarios for productive conservation––
a moderate population density, tenure security,
active local institutions (FUNDASUR, 1996;
IBGE, 1998a, 1998b; IDESP, 1990). That said,
incomes in the area have fluctuated, and many
farms cleared substantial forest areas, only to
fail later, leaving colonists in dire straits
(Hamelin, 1991). During the 1990s, farm
households faced increasingly difficult circum-
stances due to price declines for cocoa and
black peppers, compounded by the spread of
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fungal attacks and other pests. By the mid-
1990s, farm households in Uruar�a confronted
the prospect of limited incomes from key cash
crops as well as degradation of land where
forest was cleared for pastures (Perz, 2001,
2002). This turn of events rendered the pros-
pects for productive conservation via agricul-
tural diversity somewhat more doubtful.
In June and July 1996, a nine-member

research team consisting of North American
and Brazilian social and agricultural scientists
administered a survey questionnaire to farm
households in Uruar�a. The questionnaire was
divided into two parts: the first part addressed
household characteristics and the second part
concerned agricultural practices. Household
questionnaire items addressed cultural back-
ground, migration and work histories, durable
goods and housing assets, ownership of agri-
cultural implements, hiring and selling of labor,
and family age composition. Agricultural
questionnaire items concerned land availability,
access to credit and extension assistance, land
use, annual and perennial crops cultivated, and
heads of cattle. The sample includes 261 farm
households, or 12% of all rural establishments
in Uruar�a at the time (IBGE, 1998a). The
sampled households owned 347 lots, and the
same questions were asked for each lot owned
by a household. Systematic sampling proved
intractable because houses on many lots were
not visible 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 agricul-
tural agency, EMBRAPA/CPATU, to ensure
that interviews were not clustered spatially or
selective of households by socioeconomic sta-
tus. 2 Of the households sampled, 81% earned
more than half of their incomes from agricul-
ture.

(b) Measurement, description and relationships
among explanatory and outcome variables

(i) Control variables
Table 1 presents descriptive statistics and

expected effects of explanatory variables on
productive conservation. To identify explana-
tory variables, I drew on household economic
frameworks from rural development and eco-
nomic anthropology (Ellis, 1993, 2000; Net-
ting, 1993; Singh, Squire, & Strauss, 1986).
Such frameworks focus on small-scale agri-
cultural systems that involve some mix of
subsistence production for household con-
sumption and commercial production for
markets. Central in such frameworks are
indicators of costs of market access that
determine profitability, such as market dis-
tance and infrastructure quality, as well as
factors of production, namely indicators of
land, labor and capital availability. This is
reflected in the organization of the explanatory
factors into four groups: infrastructure, land
assets, labor assets and various types of capital
assets. In addition, I drew on theoretical and
empirical models of small farm land use in the
Amazon (e.g., Oz�orio de Almeida & Campari,
1995; Perz, 2002; Pich�on, 1997; Walker, Perz,
Caldas, & Teixeira da Silva, 2002). This helped
identify specific variables relevant to frontier
colonist households, in reflection of the local
availability of land, labor and capital, the
presence of relevant institutions, and key
livelihood strategies used by households in the
study site.
Infrastructure refers to the (average) distance

in kilometers (km) to Uruar�a town from a
household’s lot(s) along unpaved roads, as well
as two binomial variables indicating if the road
quality is ‘‘good’’ or ‘‘fair’’ (as opposed to
‘‘bad’’) as appraised by the interviewee. These
infrastructure variables account for the effects
of market accessibility. Farms closer to Uruar�a
town or along better roads should earn higher
incomes due to greater profitability, and con-
versely, they should also have less primary
forest cover. Table 1 shows that farms were on
average nearly 30 km from Uruar�a town,
though this varied substantially in the sample,
and that only 18% of households resided on
‘‘good’’ roads, though another 52% lived on
‘‘fair’’ roads.
Land assets is operationalized as the number

of hectares (ha) held in a household’s lot(s),
transformed into a natural log (ln) to obtain a
normal distribution. More land should allow
for higher incomes via a larger production
system, and given the abundance of land rela-
tive to labor and capital, having more land
should allow for proportionally larger areas in
forest. For purposes of modeling forest cover, I
also include a variable indicating whether a
farm had one or more lots with fire damage to
vegetation. Previous work on land allocation in
Uruar�a showed that fire damage reduced the
area under primary forest (Perz, 2002). Table 1
shows that farms on average held 117 ha
because 25% of households held more than one



Table 1. Descriptive statistics for agricultural income, forest cover, and agricultural diversity and other explanatory
factors, farm households, Uruar�a, Par�a, 1996

Mean Standard

deviation

Skewness Expected effect on

Ln Agricul-

tural income

Percentage

forest cover

Infrastructure

Average distance to Uruar�a Town (km) 29.35 14.04 0.26 ) +

‘‘Good’’ road quality (0¼No, 1¼Yes) 0.18 0.39 1.64 + )
‘‘Fair’’ road quality (0¼No, 1¼Yes) 0.52 0.50 )0.07 + )

Land assets

Ln hectares (ha) of land held 4.77 0.48 0.75 + +

Fire damage to vegetation

(0¼No, 1¼Yes)

0.28 0.45 1.01 N/A )

Labor assets

Number of adults (ages 15–65) 4.10 2.55 1.07 + )
Adults squared 23.24 29.21 2.67 ) +

Ln days of labor hired 1.92 1.98 0.21 + )
Number of children (Age< 15) 2.85 2.74 1.57 ? ?

Capital assets

Natural capital

Ln ha cleared upon acquisition 0.51 2.40 )0.03 + )
Cultural capital

Region of birth (0¼Other,

1¼Amazon)

0.17 0.38 1.78 ? +

Human capital

Years of schooling completed 2.03 2.17 0.93 + N/A

Previous agricultural experience

(0¼No, 1¼Yes)

0.66 0.48 )0.66 N/A +

Years of residence in Uruar�a 12.05 6.78 0.24 + )
Technological capital

Agricultural capital upon arrival

(factor index)

0.00 1.21 4.90 + ?

Labor-saving capital (factor index) 0.00 1.57 1.32 + ?

Institutional capital

Credit (0¼No, 1¼Yes) 0.59 0.49 )0.37 + )
Extension assistance (0¼No, 1¼Yes) 0.21 0.41 1.46 + ?

Social capital

Nonagricultural income

(0¼No, 1¼Yes)

0.41 0.49 0.35 + )

Neighborhood organization

(0¼No, 1¼Yes)

0.32 0.47 0.79 + ?

Agricultural diversity

Agricultural products

S 4.75 2.07 )0.17 + ?

M6 3.94 1.48 )0.20 + ?

Agricultural income sources

S 3.30 1.89 0.65 + ?

M6 2.96 1.50 0.73 + ?

Productive conservation

Natural log (ln) agricultural income (R$) 7.49 2.02 )2.11 1 ?

Primary forest cover (%) 62.41 18.15 )0.67 ? 1
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100-ha lot. About 28% of farms had experi-
enced fire damage to vegetation.
Labor assets includes terms for the number of

adults in a household (which may include more
than one family), the number of days of labor
paid per lot in the previous year (logged to
obtain a normal distribution), and the number
of children present. The number of adults is of
particular importance, because farm house-
holds in Uruar�a rely primarily on family labor,
especially for key tasks such as clearing forest
and planting and harvesting crops. I also con-
sider a squared term for the number of adults
since households with particularly large labor
pools may increasingly allocate labor to non-
agricultural activities. Thus, adult labor may
lead to higher incomes and less forest cover, but
with declining marginal effects. The day labor
variable is included to account for the effects of
Uruar�a’s labor market, which can offset
household labor scarcity, particularly at times
when labor demand peaks during clearing,
planting and harvesting. As a substitute or
complement to family labor, more days of
labor hired should lead to higher incomes and
less forest cover. Finally, I include a term for
children because they may also contribute
labor, but they also constitute dependents who
require care that may withdraw adult labor
from agricultural tasks. These two effects are
countervailing and inseparable, and the inclu-
sion of children as a variable allows an assess-
ment of which effect dominates, if any. If the
child labor effect is stronger, then having more
children in the household should have the same
effect as more adults and allow for higher
incomes and less forest cover; if the child
dependency effect is more important, then
having more children will have the opposite
impacts. Table 1 shows that households on
average had over four adults, hired about seven
days of labor in the previous year per lot held,
and had nearly three children, though these
labor indicators varied among households in
the sample.
Capital assets refers to a broad array of fac-

tors that may enhance agricultural production
by injecting resources into a farming system. I
consider indicators of natural, cultural, human,
technological, institutional and social capital.
Natural capital is measured as the hectares of
cleared land upon acquisition of the lot(s) held
by a household. I employ this indicator because
cleared land is considered a capital improve-
ment in Brazilian law (Alston, Libecap, &
Mueller, 1999) and because buying a lot with
land already cleared reduces the costs of
implementing a farming system, leading to
potentially higher incomes and less forest
cover. Table 1 suggests that cleared land upon
acquisition averaged less than 2 ha, though this
varied among households.
Cultural capital is operationalized as a bino-

mial variable indicating whether the head of the
household was born in the Brazilian Amazon
or not. Heads born in the Amazon should be
more acquainted with regional land use prac-
tices, allowing them to avoid land degradation
and more forest clearing once a production
system is in place. But region of birth has
ambiguous implications for income; while more
efficient land use could lead to higher incomes,
it may also correspond to less of a market
orientation in production as per traditional
farming systems. Table 1 indicates that 17% of
household heads were born in the Amazon,
suggestive of the large contingent of interre-
gional migrants in Uruar�a.
Human capital refers to whether the head of a

household had previous agricultural experi-
ence, the head’s years of schooling completed,
and how long the household had resided in
Uruar�a. I employ the years of schooling vari-
able as a determinant of income, and expect
greater educational attainment to lead to higher
income levels. Conversely, agricultural experi-
ence serves as an explanatory variable for
primary forest cover, and may allow for greater
forest cover via less land degradation. Length
of residence is included to capture the effects of
learning locally appropriate agricultural tech-
niques by experimentation and experience.
Over time, households experiment with differ-
ent agricultural techniques and crops, which
results in higher incomes but less forest cover as
families implement their farming systems
(Moran, 1989). Table 1 shows that household
heads averaged about two years of schooling
completed, that 66% of household heads had
agricultural experience before coming to
Uruar�a, and that households averaged 12 years
of residence in Uruar�a, though this varied
substantially.
Technological capital is measured using two

factor-weighted indexes of agricultural capital.
The first index reflects whether a household had,
upon their arrival in Uruar�a, a chainsaw, cocoa
dryer, or a tractor, measured as one if so and
zero if not in each case. Principle components
analysis generated factor loadings used to
weight the relative importance of z-scores of
these three indicators, which were then added
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together to form an index with a mean of zero. 3

This index captures initial inequalities among
households in Uruar�a in terms of agricultural
capital, which should facilitate the implemen-
tation and expansion of farming systems,
thereby leading to higher incomes and less for-
est cover. The second index focuses on labor-
saving technological inputs used by a household
in the year prior to the survey. The use of
technologies specifically intended to save labor
may also foster higher incomes as well as forest
cover. I drew on typologies of agricultural
technologies (see Angelsen & Kaimowitz, 2001;
Binswanger, 1986; Lee & Barrett, 2001) to
identify four labor-saving technologies: chain-
saws, insecticides, fungicides, and herbicides.
Each is measured as one if not used and zero if
not. Another principle components analysis
generated factor loadings, used to weight z-
scores of the four indicators, which were
summed together forming an index with a mean
of zero. 4 Table 1 shows that both indexes vary
among households, suggesting inequalities in
agricultural technological capital.
Institutional capital not only refers to the use

of bank credit, but also whether a household
had been visited by local extension agents. Both
are binomial variables. Credit injects additional
funds into a farming system, which should raise
incomes to pay for loans. But because credit in
Uruar�a is often used for planting pasture and
buying cattle (Toni, 1999), it should also reduce
forest cover. Extension assistance should
improve agricultural practices and thereby raise
incomes, but it is less clear if help from exten-
sion agents will lead to better practices that
reduce the need for further clearing or reduce
forest cover for the sake of expanding a farm-
ing system. Table 1 indicates that 59% of
households had received agricultural credit, an
indication of an established local credit market,
while only 21% of households were visited by
extension agents, indicative of limited extension
resources.
Social capital here refers to nonagricultural

income and whether a household held one or
more lots in a neighborhood organization.
Both of these are also binomial variables. I
include nonagricultural income under social
capital since this variable indicates whether a
household received any income from remit-
tances, retirement pensions, a family business, a
patron, or ‘‘other’’ sources, i.e., monetary
transfers largely based on social ties. Research
on rural household livelihood strategies has
established that nonagricultural incomes pro-
vide capital that makes agriculture more pro-
ductive (see Ellis, 2000), which should raise
agricultural incomes and reduce forest cover. In
Uruar�a and elsewhere, neighborhood organi-
zations have formed along feeder roads off the
Transamazon highway corridor (e.g., FUN-
DASUR, 1996; Hall, 1997). Such organizations
serve as mechanisms for mutual aid among
neighbors, who may establish producer coop-
eratives to secure better prices, alert each other
when setting fires, and guard against poaching
and incursions on established land claims.
Neighborhood organizations therefore help
producers realize profits, protect assets from
losses and damage, and informally provide
tenure security. Via these mechanisms, neigh-
borhood organizations should foster higher
incomes, but it is less clear whether they will
reduce forest cover (e.g., Fearnside, 2001b).
Table 1 shows that 41% of households received
nonagricultural income and 32% were in
neighborhood organizations.

(ii) Agricultural diversity
I adopt a quantitative approach to assessing

agricultural diversity, drawing on conceptual
and methodological discussions of measuring
diversity in economics (Haughton & Mukerjee,
1995), ecology (Magurran, 1988) and sociology
(Gibbs & Poston, 1975). 5 Conceptually,
diversity has at least two aspects. First, it sig-
nifies the number of categories present (e.g.,
different agricultural products), which is vari-
ously referred to as richness or structural dif-
ferentiation. Second, diversity encompasses the
relative distribution of units among those cate-
gories (e.g., kg or income from each agricul-
tural product), referred to as evenness or
distributive differentiation. As the number of
categories present and/or the evenness of the
distribution of units among those categories
rises, diversity increases. In the case of agri-
culture, a farming system with more products
can be said to be more diversified, and among
two farms with the same number of products,
the one with more evenly distributed produc-
tion or income among those products can also
be said to be more diversified.
Preliminary testing of over a dozen diversity

measures revealed many with disadvantages,
such as poor discriminant ability, instability at
high or low levels, or large losses of cases due to
undefined values. I use two complementary
measures that avoid computational problems:
the number of products (S) and the 6th Gibbs–
Poston index (M6).
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The number of products S is calculated as

S ¼
Xc

i¼1

a; ð1Þ

where i represents a count variable for the
categories, a is a dichotomous variable that
takes a value of 1 if a category is represented by
a case and 0 otherwise, and c is the number of
categories. S varies from 0 to c, the total pos-
sible number of products. Because S refers to
the number of products actually produced or
sold out of a given set of possible products, it is
a purely structural measure of diversity, and
does not take account of the importance of a
given product. I nonetheless use S because it is
easy to interpret and serves as a benchmark for
comparisons with measures that also capture
distributional aspects of diversity.
Gibbs and Poston’s M6 is calculated as

M6 ¼ c 1

"
�
Pc

i¼1 jxi � �xj=2Pc
i¼1 xi

#
; ð2Þ

where xi is the number of units in a category,
and �x is the mean number of units across all
categories. M6 captures both structural and
distributive aspects of diversity, that is, it
increases as the number of categories with units
rises as well as when the units are more evenly
distributed among categories. In this way, M6
not only accounts for the number of products,
but also their relative importance. M6 varies
from a minimum of 1.0 to a maximum of c, but
unlike S, M6 often takes values other than
integers, making interpretation somewhat less
clear.
To measure agricultural production diversity

in Uruar�a, I drew on agricultural production
data from the 1996 survey and supplemental
data from the 1995–96 Brazilian agricultural
census (IBGE, 1998a). I gathered production
data for all identifiable annual and perennial
crops and for cattle. 6 This allowed for calcu-
lation of agricultural diversity based on 18
products: eight annual crops (rice, beans, corn,
manioc, pineapples, sugar cane, tomatoes, and
watermelons), nine perennial crops (cocoa,
coffee, black pepper, bananas, oranges, coco-
nuts, cupuac�u, mangos, and guaran�a) and beef.
Production values were given in (or converted
to) kg. 7 I estimated beef production on the
basis of the reported cattle herd size and
assumptions from state data sources about the
annual off-take rate in Uruar�a in 1996 and
average kg per head. 8 Hence, the 18 products
serve as the categories and production in kg
serves as the units for calculating S and M6 for
each household in the Uruar�a sample.
I also drew on additional information about

product prices in Uruar�a in 1996 to estimate
the diversity of gross agricultural incomes for
the same 18 products. This is important
because measuring diversity in terms of brute
production of rice, coffee and beef does not
capture price-per-kg differences among the
products, and because households only sell
some proportion of their production, and these
proportions vary among products. First, I
obtained data indicating the proportion of a
product sold. The Uruar�a survey provides such
data for rice, beans, corn, and manioc. 9 State-
level data for Par�a from the 1995–96 Brazilian
agricultural census indicated the proportion of
production sold for the other products (IBGE,
1998a). 10 Second, I used the 1996 Uruar�a
survey data and 1995–96 agricultural census
data for Uruar�a to calculate prices per kg (in
1996 Brazilian Reais (R$), where R$1�US$1)
for each of the 18 products using income gen-
erated, production figures, and estimates of
production sold (IBGE, 1998a). 11 For each of
the 18 products in every household, I then
multiplied total production by the proportion
sold and the price per kg to obtain gross
income values, and used these income values to
again calculate S and M6 for each household in
the sample.
Table 1 shows somewhat limited agricultural

diversity in Uruar�a. Of the 18 products con-
sidered, S indicates that households on average
produced less than five and sold slightly more
than three products. When we take distributive
differentiation into account, M6 indicates even
lower diversity, suggesting that households
tended to emphasize certain products. Addi-
tional analysis (not shown) indicates the most
widespread products produced were: rice (pro-
duced by 78% of the households surveyed), corn
(77%), cattle (68%), black peppers (56%), beans
(55%), manioc (54%), cocoa (34%), and coffee
(33%); the other 10 products were produced by
less than 10% of the households sampled. That
said, the large standard deviations for S andM6
for both agricultural production and incomes
indicate substantial variation in agricultural
diversity in the Uruar�a sample.

(iii) Productive conservation
I operationalize the ‘‘production’’ side of

productive conservation as the gross agricul-
tural income summed from the 18 products



WORLD DEVELOPMENT966
sold by the households surveyed, logged to
normalize the distribution. 12 This measure
focuses on income from agricultural land use
practices, which are the center of environmen-
tal concerns embedded in discussions about
productive conservation and triple-win pro-
posals with goals for poverty reduction, devel-
opment and sustainability. 13 Table 1 shows
that gross agricultural incomes averaged about
R$1,800, though this varied substantially in the
sample.
‘‘Forest conservation’’ is measured as the

percentage of reported primary forest cover on
the lot(s) held by households in the 1996
Uruar�a survey. 14 This indicator affords the
opportunity to assess the environmental aspects
of productive conservation in terms of the
primary forest remaining on a household’s
lot(s). As Table 1 shows, percentage forest
cover averaged 62%, and varied substantially
among households. The variation in household
agricultural diversity, agricultural income and
forest cover raises the question of whether
diversification corresponds to productive con-
servation via higher incomes as well as more
forest.
4. FINDINGS

(a) Agricultural diversity and productive
conservation: bivariate relationships

Are agricultural production and forest con-
servation compatible via agricultural diversity?
If one views productive conservation as an
Table 2. Correlations between agricultural diversity, agr
households, Urua

Correlations Production: agricultural in

Agricultural income (ln R$) 1.00

Primary forest (Pctg.) )0.34a ;��

Agricultural product diversity

S 0.60��

M6 0.54��

Agricultural income diversity

S 0.63��

M6 0.51��

a +p < 0:15.
* p < 0:05.
** p < 0:01.
argument for such a compatibility, then agri-
cultural diversity should raise and stabilize
incomes while avoiding reductions in forest
cover. Put another way, agricultural diversity
should exert a positive effect on agricultural
incomes and no effect (or a positive effect) on
forest cover. Given that agricultural diversity as
observed here emphasizes annual and perennial
crops, which are labor intensive and can gen-
erate higher incomes per hectare than cattle
(e.g., Perz, 2001; Trinidade de Almeida et al.,
1996), one might expect greater diversity to
correspond not only to higher agricultural
incomes, but also more forest cover. On the
other hand, given the prevalence of annual
crops and pasture among the households sur-
veyed, diversity may force a tradeoff between
production and conservation, such as via ag-
ropastoral systems with crop rotation and
extensive pastures. In that case, agricultural
incomes should exhibit a negative correlation
with forest cover, and agricultural diversity
should exhibit a positive effect on incomes and
the opposite effect on forest cover.
Table 2 presents correlation coefficients be-

tween agricultural diversity, agricultural
incomes and forest cover. Income and forest
cover show a strong negative association (r ¼
�0:34, p < 0:01). Further, agricultural diver-
sity, however measured, exhibits a very strong
positive relationship with agricultural income
(r � 0:55, p < 0:01), and shows weaker negative
correlations with forest cover (r � �0:18,
p < 0:05). These findings suggest that there is a
tradeoff between incomes and forest cover
which agricultural diversity does not modify.
icultural income and primary forest cover among farm
r�a, Par�a, 1996

come (ln R$) Conservation: primary forest (Pctg.)

1.00

)0.16�

)0.20��

)0.18��

)0.18��



Table 3. Means analysis of agricultural product and income diversity, agricultural income and primary forest cover,
farm households, Uruar�a, Par�a, 1996

Agricultural income (ln R$) Primary forest (Pctg.)

Mean Standard

deviation

n Mean Standard

deviation

n

Agricultural product diversity

S 0–3 Products 5.49 3.07 54 68.60 20.87 55

4 Products 7.75 1.35 59 60.28 20.47 62

5 or 6 Products 7.85 0.99 94 61.41 15.34 94

7–11 Products 8.67 0.94 50 60.15 15.60 50

Total 7.49 2.02 257 62.41 18.15 261

F -score 34.39a ;�� 2.83�

M6 1.00–2.99 5.45 3.24 50 69.05 20.83 50

3.00–3.99 7.71 1.46 69 64.01 19.07 69

4.00–4.99 7.90 1.01 73 58.99 17.34 73

5.00–7.36 8.36 0.72 64 60.31 14.40 64

Total 7.49 2.02 256 62.64 18.17 256

F -score 29.76�� 3.65�

Agricultural income diversity

S 0–3 Products 6.01 2.59 91 67.18 18.43 92

4 Products 8.00 1.00 56 57.49 20.62 58

5 or 6 Products 8.28 0.64 81 61.74 16.47 82

7–11 Products 8.94 0.97 29 59.03 12.91 29

Total 7.49 2.02 257 62.41 18.15 261

F -score 38.49�� 4.05��

M6 1.00–2.99 5.12 3.16 50 70.65 16.53 51

3.00–3.99 7.55 1.20 66 63.79 19.18 66

4.00–4.99 8.22 0.86 72 58.43 18.80 72

5.00–7.24 8.40 0.67 69 60.22 15.76 68

Total 7.49 2.02 257 62.67 18.14 257

F -score 47.52�� 5.29��

a +p < 0:15.
* p < 0:05.
** p < 0:01.
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That said, the relationships between agricul-
tural diversity and productive conservation
may not be linear, and this may reduce the
degree to which there is a tradeoff between
incomes and forest cover. Table 3 presents the
results of means analyses for agricultural
incomes and forest cover using categorizations
of the agricultural diversity measures. The left
side of the table shows that households with
greater agricultural diversity indeed have sig-
nificantly higher agricultural incomes, but there
is more going on than just this. The standard
deviations in incomes are smaller in households
with greater diversification, which suggests that
incomes become more stable (i.e., less variable)
at higher levels of agricultural diversity, con-
sistent with the productive conservation thesis.
Further, the rise in average incomes declines as
one moves toward categories denoting greater
diversity. This indicates that the marginal effect
of diversity on incomes declines with rising
diversity. The right side of Table 3 shows that
forest cover does decline as diversity rises, but
only at low levels of diversity. As one moves
from the first to the second diversity category,
forest cover declines from �70% to �60%, but
as one moves to categories denoting higher
levels of diversity, forest cover remains around
60%. This also indicates a nonlinearity in the
impact of diversity on forest cover, and sug-
gests that at higher levels of diversity, forest
cover does not decline. This in turn implies that
there is actually some compatibility between
incomes and forest cover, for at high levels of
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diversity, high incomes stabilize and forest
clearing stops declining at fairly high percent-
age levels of forest cover. While these results
are intriguing, they beg the question of whether
the effects of diversity on incomes and forest
cover remain when controlling for other vari-
ables.

(b) Models of agricultural diversity and
productive conservation

Table 4 presents five ordinary least squares
(OLS) models of logged agricultural income
regressed on agricultural diversity and the other
explanatory variables. 15 Because the findings
in Table 3 indicated that the agricultural
income data are heteroskedastic, p-values for
coefficients in this table are based on robust
standard errors. 16 A ‘‘base model’’ appears in
column 1, and considers only the effects of the
control variables. Households had significantly
higher agricultural incomes (p < 0:05) if they (i)
had more adults, though this effect is nonlinear
and attenuates, (ii) hired more labor, (iii) had
more children, (iv) arrived in Uruar�a with more
agricultural capital, and (v) had received credit.
These findings correspond to expectations.
The addition of diversity measures for agri-

cultural production and income substantially
improves explanatory power and changes the
findings somewhat. Model 2 includes S for
agricultural production, as well as a squared S
term to account for nonlinearity in the impact
of diversity on logged income. This model is
much stronger than the base model (R2 ¼ 0:61
vs. 0.31). 17 Households had significantly higher
agricultural incomes (p < 0:05) if they (i) resi-
ded longer in Uruar�a, (ii) arrived in Uruar�a
with more agricultural capital, (iii) had been
visited by extension agents, and (iv) produced
more agricultural products S, though this effect
is nonlinear and attenuates at high levels of
S. Model 3 replaces S and its square with M6
and its square, and also produces a model
stronger than the base model. A comparison of
Models 2 and 3 shows that the significant
control variables are somewhat different. In
Model 3, children and labor-saving capital are
significant, while visits from extension agents
is not. That said, Model 3 like Model 2 shows
a strong positive but nonlinear impact of
diversity on income. Model 2 is stronger than
Model 3 (R2 ¼ 0:61 vs. 0.53), which suggests
that it is primarily structural diversity (i.e.,
more agricultural products) rather than dis-
tributive diversity (i.e., more equal production
among products) that drives up agricultural
incomes.
Models 4 and 5 replace the product diversity

variables with measures of agricultural income
diversity. These models are also stronger than
the base model (0:55 < R2 < 0:72), and the
model with S (Model 4) is stronger than the
model with M6 (Model 5), again suggesting
that structural more than distributive diversity
leads to higher agricultural incomes. Like
Models 2 and 3, Models 4 and 5 show strong,
positive and nonlinear effects of agricultural
income diversity on agricultural incomes.
Overall, Table 4 confirms the ‘‘production side’’
of the productive conservation argument for
agricultural diversity: more agriculturally
diversified farms in the Uruar�a sample earned
higher agricultural incomes.
Table 5 presents five ordinary least squares

(OLS) models of percentage forest cover to
examine the effects of agricultural diversity on
forest conservation. The base model is strong
(R2 ¼ 0:47) and reveals significant effects of
several control variables (p < 0:05). House-
holds had proportionally more land under
primary forest if they (i) were farther from
Uruar�a town, (ii) held more land, (iii) had not
experienced fire damage to vegetation, (iv)
hired less labor, (v) had less cleared land upon
acquisition of their properties, (vi) had resided
for less time in Uruar�a, and (vii) had not
received credit. These findings are consistent
with expectations.
Models 2–5 add the diversity measures. In

every model, agricultural diversity shows a
negative impact on forest cover. However, this
effect never reaches statistical significance
(p > 0:15), and the explanatory power of the
models does not rise above that of the base
model. 18 Moreover, the control variables show
basically the same effects on forest cover in all
five models in Table 5. These findings indicate
that greater agricultural diversity, whether
measured in terms of production or incomes or
emphasizing structural or distributive diversity,
does not reduce forest cover among households
in Uruar�a. This confirms the ‘‘conservation
side’’ of the productive conservation argument
for agricultural diversity: more agriculturally
diversified farms in the Uruar�a sample did not
have less forest cover. This carries the caveat
however that other factors reduce forest cover
(e.g., fire damage, hired labor, length of resi-
dence, credit). This implies that agricultural
diversity does not offset forest clearing due to
other factors.



Table 4. OLS models of logged agricultural incomes regressed on agricultural diversity and other explanatory factors,
farm households, Uruar�a, Par�a, 1996

Base model Product diversity Income diversity

1 2 3 4 5

Model R2 0.31 0.61 0.54 0.72 0.55

Wald test 5.38a ;�� 11.08�� 7.74�� 14.97�� 8.41��

Valid n (n ¼ 261) 236 236 235 236 236

Infrastructure

Average distance to Uruar�a town (km) )0.02 )0.01 )0.01 )0.003 )0.01
‘‘Good’’ road quality (0¼No, 1¼Yes) )0.33 )0.31 )0.27 0.12 0.02

‘‘Fair’’ road quality (0¼No, 1¼Yes) )0.12 )0.01 )0.05 0.01 )0.06

Land assets

Ln hectares (ha) of land held )0.02 0.19 0.26 0.11 0.13

Labor assets

Number of adults (ages 15–65) 0.48�� )0.19 )0.13 0.04 0.18

Adults squared )0.03� 0.01 0.01 0.0002 )0.01
Ln days of labor hired 0.21�� 0.09+ 0.09+ 0.04 0.08+

Number of children (age <15) 0.11� 0.06+ 0.09� 0.04+ 0.09��

Capital assets

Natural capital

Ln ha cleared upon acquisition 0.01 0.05 0.07+ 0.05 0.07

Cultural capital

Region of birth (0¼Other, 1¼Amazon) )0.005 0.24 0.13 )0.05 )0.05
Human capital

Years of schooling completed 0.03 0.05 0.03 0.06 0.05

Years of residence in Uruar�a 0.01 0.03� 0.04� 0.01 0.02

Technological capital

Agricultural capital upon arrival

(factor index)

0.25�� 0.23�� 0.22�� 0.23�� 0.26��

Labor-saving capital (factor index) 0.11+ 0.11+ 0.16* 0.16�� 0.19��

Institutional capital

Credit (0¼No, 1¼Yes) 0.58�� 0.27 0.14 0.13 0.14

Extension assistance (0¼No, 1¼Yes) 0.24 0.45� 0.25 0.43� 0.33

Social capital

Nonagricultural income

(0¼No, 1¼Yes)

)0.20 0.07 0.02 )0.02 )0.07

Neighborhood organization

(0¼No, 1¼Yes)

0.25 )0.16 )0.12 0.003 )0.01

Agricultural diversity

Agricultural products

S 1.53��

S squared )0.11��

M6 2.34��

M6 squared )0.22��

Agricultural income sources

S 1.77��

S squared )0.14��

M6 1.99��

M6 squared )0.19��

a +p < 0:15.
* p < 0:05.
** p < 0:01.
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Table 5. OLS models of percentage primary forest cover regressed on agricultural diversity and other explanatory
factors, farm households, Uruar�a, Par�a, 1996

Base model Product diversity Income diversity

1 2 3 4 5

Model R2 0.47 0.47 0.48 0.47 0.48

Wald test 13.25a ;�� 13.46�� 13.80�� 13.06�� 13.05��

Valid n (n ¼ 261) 251 251 246 251 247

Infrastructure

Average distance to Uruar�a town (km) 0.16� 0.16� 0.15+ 0.16� 0.13+

‘‘Good’’ road quality (0¼No, 1¼Yes) 3.18 3.17 3.53 2.80 3.54

‘‘Fair’’ road quality (0¼No, 1¼Yes) 0.62 0.60 0.56 0.56 0.46

Land assets

Ln hectares (ha) of land held 15.01�� 15.03�� 14.58�� 14.99�� 14.75��

Fire damage to vegetation (0¼No, 1¼Yes) )8.62�� )8.49�� )9.22�� )8.37�� )8.75��

Labor assets

Number of adults (ages 15–65) )0.24 )0.05 0.44 0.04 0.43

Adults squared )0.10 )0.11 )0.15+ )0.12 )0.14+
Ln days of labor hired )1.52�� )1.46�� )1.35� )1.36� )1.28�

Number of children (age <15) )0.51+ )0.49+ )0.55+ )0.44 )0.55+

Capital assets

Natural capital

Ln ha cleared upon acquisition )1.58�� )1.60�� )1.60�� )1.62�� )1.63��

Cultural capital

Region of birth (0¼Other, 1¼Amazon) 0.32 0.27 )0.17 0.43 0.06

Human capital

Previous agricultural experience

(0¼No, 1¼Yes)

)3.09+ )3.12+ )3.70+ )3.05+ )3.51+

Years of residence in Uruar�a )0.40� )0.41� )0.42� )0.40� )0.44�

Technological capital

Agricultural capital upon arrival (factor index) )1.03+ )1.05+ )1.01+ )1.05+ )1.06+
Labor-saving capital (factor index) )0.96 )0.95 )0.99 )0.96 )1.16+

Institutional capital

Credit (0¼No, 1¼Yes) )6.78�� )6.69�� )7.10�� )6.58�� )6.77��

Extension assistance (0¼No, 1¼Yes) )2.24 )2.31 )2.13 )2.33 )2.31
Social capital

Nonagricultural income (0¼No, 1¼Yes) 0.30 0.17 )0.16 0.12 )0.33
Neighborhood organization (0¼No, 1¼Yes) )2.09 )1.95 )1.91 )1.86 )1.81

Agricultural diversity

Agricultural products

S )0.09
S Squared )0.02
M6 )2.30
M6 Squared 0.24

Agricultural income sources

S )0.49
S Squared )0.01
M6 )2.41
M6 Squared 0.22

a +p < 0:15.
* p < 0:05.
** p < 0:01.
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5. CONCLUSIONS AND DISCUSSION

Overall, the findings indicate that farms with
greater agricultural diversity have significantly
higher agricultural incomes but not signifi-
cantly less primary forest cover. However,
while agricultural diversity and other factors
raise agricultural incomes, it is factors other
than agricultural diversity that reduce forest
cover. The somewhat ambiguous finding con-
cerning forest cover raises the question of to
what extent agricultural diversity can compat-
ibilize conservation with production.
The extent of compatibility of productive

conservation via diversity depends on one’s
operational definition of conservation in the
present context. On the one hand, if we
understand conservation in terms of ‘‘limited
land use,’’ then agriculturally diversified farms
constitute examples of productive conservation,
because they have higher incomes but not less
forest. This implies full compatibility between
production and conservation. On the other
hand, if we understand conservation more in
terms of ‘‘preservation of more forest land,’’
then the findings do not clearly indicate pro-
ductive conservation, since more diversified
farms have higher incomes but not more forest
than less diversified farms. This implies partial
compatibility between production and conser-
vation, for while more diversified farms do not
have more forest, neither do they have less,
which would have indicated a tradeoff. I con-
clude that the findings indicate that agricultural
diversity allows for at least partial compatibi-
lization of production and conservation.
Whether the findings constitute evidence of

full or partial compatibility, they require some
interpretation of the mechanism by which
agricultural diversity generates higher incomes
but not less forest cover. I interpret the findings
as indicating the effects of farms diversifying by
adopting products that generate more income
but not more demand for cleared land. Peren-
nial crops and some annuals grown entirely for
market, such as tomatoes, pineapples, and
watermelons, fit these requirements. Perennials
and market-oriented annuals constitute the
majority of the products considered here, they
were not (except black peppers) grown by most
households, they absorb substantial labor but
do not require much land, and they generate
more income per hectare than cattle (e.g., Perz,
2001; Serr~ao & Homma, 1993; Trinidade de
Almeida et al., 1996). This interpretation also
holds in dynamic terms, for it fits the history of
land use in Uruar�a, which at first featured
annuals grown for food, and later increasingly
emphasized perennial crops grown for market
(IBGE, 1998a; IDESP, 1990). Agricultural
diversity makes productive conservation possi-
ble when the products in question, such as
perennials, generate income and absorb labor
without requiring substantial forest clearing.
Having offered a theoretical interpretation,

some methodological caveats are in order.
Because I did not have data on production
costs, total agricultural income refers to gross
and not net income. There is some evidence
from other colonies in the Amazon that
households with the most assets incurred the
largest debts, and while they enjoyed larger
gross incomes, they had lower or negative net
incomes (Oz�orio de Almeida, 1992). Other
evidence from the Amazon suggests, however,
that more diversified production systems yield
larger net positive incomes per hectare than
alternatives (Trinidade de Almeida et al., 1996).
Perhaps of greater concern are the findings
about diversity and forest conservation. In
Uruar�a as elsewhere in the Brazilian Amazon,
small producers are joining large ranchers in
clearing more forest for cattle pasture (Toni,
1999; Walker, Moran, & Anselin, 2000) and
this has generated debate about the economic
and ecological ramifications, which have usu-
ally been found to be decidedly negative
(Faminow, 1998; Fearnside, 2002; Serr~ao &
Homma, 1993). Compared to other farming
options available to smallholders, cattle require
more forest area cleared and produce less
income per hectare (Perz, 2001; Trinidade de
Almeida et al., 1996). Paired with credit and
cattle expansion, this could foreshadow spe-
cialization rather than diversification, as well as
stagnant incomes with expanding forest clear-
ing. Indeed, while the findings here apply to
smallholders, diversification may be less viable
for larger commercial operations and more
consolidated regions where specialization for
comparative advantages in national or inter-
national markets is more important (Pingali &
Rosegrant, 1995). Thus, diversity may be a
more efficacious strategy for productive con-
servation in developing regions than for regions
with more consolidated economies. A final
issue concerns the linkages between agricultural
diversity, income and forest cover through
time. The findings reported here are based on
cross-sectional data, and the dynamics of agri-
cultural diversity, income and forest cover
might reveal different relationships between
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diversity and components of productive con-
servation. While the history of Uruar�a involves
rising diversification over time, incomes have
fluctuated, and forest cover has declined
(Hamelin, 1991; IBGE, 1998a, 1998b; IDESP,
1990). It remains to be determined if a rise in
diversity is followed by both rising income and
steady (or rising) forest cover.
That said, the central finding here is consis-

tent with the studies cited by Lee et al. (2001),
who note agricultural diversity as a means of
compatibilizing (or in their terms, ‘‘synergiz-
ing’’) developmental and environmental goals
(pp. 458–460). The welfare benefits of higher
and more stable incomes, alongside the envi-
ronmental services afforded by conserving nat-
ural capital in standing forest, are a result of
agricultural diversity not only in Uruar�a, but
elsewhere in Latin America and in Africa as
well (Hall, 1997; Lee & Barrett, 2001).
The consistency of such findings across sites

suggest that support of agricultural diversifica-
tion, whether via state policies or local initia-
tives and partnerships, holds some potential as a
means for compatibilizing the goals of poverty
alleviation, economic development and envi-
ronmental conservation. That said, because of
the limited sites for which findings are available,
and because this and other studies used cross-
sectional data, there are caveats for policy
applications across sites and over time. The
means of stimulating diversification will very
likely depend on local levels and inequalities in
land, labor and capital endowments among
producers, making the content of diversification
initiatives highly variable from one place to
another. Further, we must beware of unin-
tended consequences of policy packages and
local initiatives in developing regions. If new
supports are provided for a crop deemed an
emergent commodity and prices rise for another
crop, many producers may happily diversify
and greatly benefit. But market saturation often
occurs for new crops with high prices, leading to
boom-bust dynamics and perhaps even more
forest clearing as some producers seek to max-
imize their output through volume. Conversely,
if new supports for a crop fail to generate much
response to due a lack of market demand, pro-
ducers may continue to shift into cattle and even
use those supports to clear more forest for
pasture. Diversification merits consideration in
agricultural policy as a means of achieving
developmental and environmental goals, but
incentives for agricultural diversity must take
into account the ability of producers to add new
enterprises, the market potential for new
regional products, the strength of local institu-
tions, and other factors. Otherwise, the efficacy
of advocating agricultural diversification will be
limited for compatibilizing policy goals via
productive conservation.
NOTES
1. While others have addressed these issues with the

term synergy, I employ the term compatibility here given

my use of cross-sectional data. As one reviewer noted,

‘‘synergy technically refers to an ongoing interaction in

which expansion of strengthening in one component

enhances the expansion or strengthening of another

component, and then the strengthening of the second

component feeds back into further expanding or

strengthening of the first.’’ In contrast, the term

compatibility invokes instead a state of affairs, or

correspondence at a point in time, which is more

germane to a discussion based on cross-sectional data.

2. ‘‘First opportunity’’ sampling raises questions about

sampling bias. Brazilian researchers familiar with the

Transamazon corridor found distributions on key vari-

ables in the sample (age of household head, length of

residence, number of cattle, land area deforested, etc.) to

be as they expected. Comparisons between the survey

data and agricultural and demographic census data for
the same year for Uruar�a (IBGE, 1998a, 1998b) yielded

similar figures. For example, rural family sizes were the

same (5.6 people), as was the percentage of land under

primary forest (65%). Both sources also agreed on the

primary agricultural products (e.g., rice, beans, corn,

manioc among annuals, and cocoa, black pepper, and

coffee among the perennials). I conclude that bias is

minimal.

3. The factor weights from principal components

analysis were: 0.785 for chainsaws, 0.499 for cocoa

dryers, and 0.588 for tractors. The factor dimension

associated with these loadings had an eigenvalue of 1.21

and explained 40.4% of the common variance of the

three indicators.

4. The factor weights from principal components

analysis were: 0.604 for chainsaws, 0.654 for insecticides,

0.628 for fungicides, and 0.617 for herbicides. The factor

dimension associated with these loadings had an eigen-
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value of 1.57 and explained 39.2% of the common

variance of the four indicators.

5. Quantitative measures of diversity have been criti-

cized by Ellis (2000) and others on the grounds that they

do not distinguish between qualitatively different kinds

of diversification. While this critique is well taken, critics

also acknowledge limitations to qualitative categoriza-

tions of diversification types (cf. Ellis, 2000, p. 215).

Conclusions from qualitative distinctions among cate-

gories of livelihood diversification strategies are sensitive

to the way in which the distinctions are made, how many

distinctions are made, and whether the distinctions

generate categories that are not mutually exclusive.

6. In a handful of cases (n ¼ 10), crops were uniden-

tified, and these were excluded from calculation of the

diversity measures. One might object that the only

livestock considered are cattle. Indeed, the research team

observed but did not record chickens, goats and pigs

during fieldwork. This will generate some downward

bias in agricultural diversity estimates, but this bias

should be limited since households focused primarily on

cattle. The 1995–96 agricultural census shows that in

Uruar�a, 84% of agricultural income from livestock was

from cattle (IBGE, 1998a). One could similarly object

that milk production from dairy cattle is excluded. This

is another oversight of the Uruar�a survey. Hence, one

should view the diversity measures presented here as

conservative.

7. In the cases of pineapples, bananas, cupuac�u,
oranges and mangos, production values were given in

units other than kg (such as bunches or individual fruit).

I consulted publications on tropical fruit to obtain

estimates of kg per bunches or fruit for these products

(e.g., Morton, 1987), and converted production values

given into kg using low estimates from those available,

on the assumption that frontier produce will be of

relatively low quality. In addition, in some cases, minor

annual and/or perennial crops (e.g., sugar cane and

mangos) were indicated as productive, but production

values were not indicated. In these cases, I used 1995–96

Brazilian agricultural census data for Uruar�a (IBGE,

1998a) on productivity (yield per ha for annuals and

yield per plant for perennials) and multiplied this by the

appropriate unit (ha or plants) to estimate production

for that crop.

8. The 1995–96 Brazilian agricultural census indicates

an off-take and sale rate of 12% of the total herd in

Uruar�a (IBGE, 1998a). Based on estimates by local

agricultural extension agents in Uruar�a, I assumed an

average off-take weight of 200 kg per head, and

calculated beef production B as B ¼ hrw, where h is
reported herd size, r is the off-take rate in Uruar�a in

1996, and w is the off-take weight in kg per head.
9. The proportions sold were as follows in Uruar�a in

1996: rice 55%, beans 40%, corn 39%, manioc 36%.

10. The proportions sold were as follows in Par�a in

1996: pineapples 91%, sugar cane 91%, tomatoes 93%,

watermelons 64%, bananas 73%, cocoa 94%, coffee 65%,

oranges 82%, black pepper 97%, coconuts 88%, cupuac�u
71%, mangoes 34%, guaran�a 75%. The cattle off-take in

Uruar�a in 1996 was 12%.

11. I calculated prices as Pd ¼ id=ðpdsdÞ, where Pd refers
to the price per kg for a given product d, id is income

from d in Uruar�a in 1996, divided by the product of

municipal production pd in kg and the proportion of

production sold sd . Prices per kg ran as follows: rice

R$0.28, beans R$1.52, corn R$0.32, manioc R$0.43,

pineapples R$1.08, sugar cane R$0.30, tomatoes R$0.55,

watermelons R$2.16, bananas R$2.10, cocoa R$0.85,

coffee R$1.01, oranges R$0.08, black pepper R$1.36,

coconuts R$0.22, cupuac�u R$0.81, mangos R$0.26,

guaran�a R$3.86, and cattle, R$1.23. Prices are given in

1996 Brazilian Reais (R$), at the time roughly equivalent

to US$1.

12. One might object that income per capita would be

a better measure and perhaps alter the findings. I use

total gross income as it is easier to interpret. I also ran

models for income per capita and the results are

substantively the same as those presented in the tables.

13. This measure excludes ‘‘income’’ from agricultural

production unsold in order to focus on monetary income

from market exchanges, which have generally been the

focus of the literature on poverty and development. This

measure also excludes nonagricultural income, though

that is accounted for as an indicator of social capital.

14. It is important to note that relying on reported land

areas has limited data validity relative to direct obser-

vations of land cover in satellite images. Remote sensing

methods however have their own drawbacks (clouds,

availability of images during field stays, etc.).

15. Early stages of modeling proceeded on the suspi-

cion that agricultural diversity is endogenous with

respect to both agricultural income and forest cover.

While greater diversity may lead to higher incomes and

less forest cover, one might also argue that higher

incomes and/or less forest cover should facilitate diver-

sification. I tested for this possibility using two-stage

least squares estimation of diversity as an endogenous
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regressor for income, as well for forest cover. As

instruments I used selected explanatory variables

described here that exhibited significant effects on the

dependent variables, having found that different explan-

atory factors were important for diversity, income and

forest cover. I then ran OLS models of income and forest

cover with diversity and the relevant instruments, and

conducted Hausman tests for consistency of coefficients

between the 2SLS and OLS runs (Davidson & Mac-

Kinnon, 1993). For every diversity measure and for both

incomes and forest cover, Hausman tests did not

indicate significant inconsistency, which implies that

2SLS yields results no different from OLS, so I present

the OLS models.

16. Robust standard errors are equivalent to White-

corrected standard errors (e.g., Kmenta, 1993). They are
calculated using the square of the residual for each

observation, corrected for the sample size, which inflates

the standard error in the presence of heteroskedasti-

city, yielding more robust estimates of statistical signi-

ficance.
17. Models of agricultural incomes without squared

diversity terms were weaker than those shown in Table

4. For example, Model 2 without S squared had an

R2 ¼ 0:51. The higher explanatory power in Model 2 in

Table 4 confirms the strong nonlinear effects of agricul-

tural diversity on agricultural income.
18. Models of forest cover without squared diversity

terms also showed negative but insignificant effects of

agricultural diversity.
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