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Abstract

The use of sustainable harvest practices in the tropics is often proposed as a way to maintain the environment and address the

poverty issues that dominate many tropical regions of the world. In theory, the adoption of these methods can provide win–win

solutions to tropical deforestation because they address the environmental consequences of deforestation while increasing the

welfare of forest inhabitants. However, there is little reliable data that can be used to test this hypothesis since many of the goods

produced in sustainable systems do not have well-defined markets and are most often consumed at home. This paper examines

the benefits of collecting and harvesting non-timber forest products in the tropics through various methods using household

panel data collected in 1996 and 2000 in the Ouro Preto do Oeste region of Rondônia, Brazil. We estimate the use-value of land

under forest, agriculture, and pasture and complement these estimations with census data and regression analysis. Our

estimations reveal that households utilizing sustainable practices in the forms of agroforestry and the collection of non-timber

forest products have significantly higher levels of diversification. We conclude that directing policy towards bwin–winQ
strategies may not be desirable for reducing both poverty and deforestation in this region since we find no clear evidence

that these can successfully be addressed simultaneously. Sustainable development policy should focus on increasing the value

of the forest, or reducing the opportunity cost of leaving standing forest on the household lot, if sustainable production strategies

are to be more attractive to households in the future.
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A pressing issue addressed in the environmental

and ecological economics literature is the reduction of

the world’s tropical forests. Some regions, once con-

taining ample measures of forest, are now recognizing

dramatic declines in size due to the conversion of land

for agricultural purposes (Barbier and Burgess, 2001;
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Geist and Lambin, 2001; Kaimowitz and Angelsen,

1998). The use of sustainable agriculture is often

proposed as a way to maintain the environment and

address the poverty issues that dominate many tropi-

cal regions of the world (Summers et al., 2004; Esco-

bal and Aldana, 2003; Browder and Pedlowski, 2000).

In theory, the adoption of these practices can provide

bwin–winQ solutions to tropical deforestation because

they address the environmental consequences of forest

loss while increasing the welfare of inhabitants. How-

ever, there is little reliable data on the actual benefits

that can be used to test this hypothesis since many of

the goods produced as part of sustainable systems do

not have well-defined markets and are most often

consumed at home (Gram, 2001).

This paper aims to fill this gap in the literature

through the examination of the benefits of different

agriculture choices using household survey data col-

lected in the Ouro Preto do Oeste region of Rondônia,

Brazil. We calculate the total values of all agricultural

goods produced on the household farm lot and com-

pare the harvest and sale of monocultured crops and

cattle to non-timber forest products. We also investi-

gate the impact of different harvest choices through

the calculation of an index of diversification including

the production and sale of all agricultural goods to see

whether households that have greater production vari-

ety, and therefore likely consume a richer diet at

home, are wealthier according to the typical measure-

ments of asset values and total income. In particular,

we are interested in evaluating polices that promote

sustainable systems as simultaneous solutions for pov-

erty and deforestation. It is possible that the hurdles

that these relatively poor households have to over-

come may be too great to justify the adoption and use

of sustainable practices relative to alternative produc-

tion options (Gram, 2001). In other words, although

the home production of native fruits, nuts, and resins

may be beneficial to diets and to reducing the rate of

deforestation, the benefits may not be great enough to

help these families climb out of poverty.
2. Sustainable agriculture practices, diversification

and poverty in the tropics

The adoption and use of sustainable agricultural

practices has often been proposed as a means to
reduce pressure on tropical forests (Panayotou and

Ashton, 1992; Shively, 2001). Included in this cate-

gory of practices is the adoption of agroforestry (Fuji-

saka, 1993; Current et al., 1995; Browder and

Pedlowski, 2000; Schroth et al., 2004; Pattanayak et

al., 2003), the use of shifting agriculture including

long fallow periods (Smith et al., 1996), slash and

mulch (Neill and Lee, 2001) the harvest of non-timber

forest products (Godoy et al., 2000; Pattanayak and

Sills, 2001; Shively, 2001; Escobal and Aldana, 2003;

Vosti et al., 2002), silviculture (Summers et al., 2004)

and the production of goods that require forest cover

(Caviglia and Kahn, 2001; Caviglia-Harris, 2003).

Although the specific nature of these practices differs

between type and region, a common thread is that in

theory they provide the means to increase rural

income while maintaining incentives for forest con-

servation. Estimating the benefits (or market value) of

the agricultural goods produced through these systems

with regression analysis derived at the household level

serves as one way to investigate the impact of sustain-

able systems. The benefits could be estimated as

changes in household production or consumption,

increases in income or wealth, and through increases

in diversification (since a greater variety of goods

produced can lead to an improved diet for subsistence

households).

Another method that has been explored in the

literature to estimate the value of the harvest of non-

timber forest products (NTFP) and other sustainable

fruits, nuts and resins is the estimation of the potential

extractive value of the forest. Previous studies have

found values ranging from one US dollar per hectare

to thousands of dollars, depending on the goods

included, market potential, and method of estimation

(Gram, 2001). For example, in two commonly cited

studies Pearce (1998) finds a range of the $50–$5500

per hectare while Peters et al. (1989) estimate a net

present value between $490 and $6330. The upper

bounds in these studies are based on the potential

sustainable harvest of timber, fruits and latex while

the lower bounds are derived from the estimated

harvest of timber and/or other extractive resources.

Several authors have identified problems with

these estimation methods including the incompatibil-

ity among results, tendencies to examine flora

(mainly) or fauna (but not both), disproportionate

attention to Latin America, and the lack of attention
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or focus on sustainability (Godoy et al., 1993; Gram,

2001; Sheil and Wunder, 2002). Exemplifying the

inconsistencies that can result from these studies,

values estimated for even the same regions have

differed depending on the economic importance

assigned to specific market goods (Peters et al.,

1989; Padoch and de Jong, 1989). In addition, mea-

surements of potential harvest have been criticized as

overestimations because they are based on unrealistic

assumptions about possible markets (Sheil and Wun-

der, 2002). More recent studies have focused on use

values or the actual harvest of goods estimated at

current market prices. Ranges of forest value have

been significantly lower for these studies, ranging

from $18 to $24 per hectare per year after accounting

for inflation and purchasing power parity (Godoy et

al., 2000), and between $9 and $17 (Gram, 2001). In

this study we estimate the value of a hectare of forest

as utilized by households for pasture and cattle, mono-

culture crops as well as for NTFP and make compar-

isons between actual and potential gains. The

approach addresses one of the concerns of Sheil and

Wunder (2002), because like Godoy et al. (2000) we

use current market conditions (and prices) as a bench-

mark. We complement the estimation of the value of a

hectare of forest with a decision model of the house-

hold in which the determinants of the potential and

actual harvest of non-timber forest products and other

goods are analyzed.

One of the questions that we seek to address is

whether poverty and deforestation are positively

linked or if there is a negative correlation between

wealth and forest conservation. Evidence in the lit-

erature on links between poverty and environmental

degradation are mixed. Much of the more recent

research was prompted by the Bruntland Report

(1987), which represented a marked change in policy

focus. In this report, the rural poor are addressed as

both victims and agents of environmental degrada-

tion. Due to high discount rates and short-term deci-

sion-making, rural households are reported to

participate in unsustainable practices to ensure survi-

val. Although empirical evidence of this relationship

is inconsistent, policy goals include these dual objec-

tives (Atmadja, 2003). A large number of studies

have found that as rural households accumulate

wealth, environmental degradation and deforestation

increase (Murphy et al., 1997; Pichón, 1997; Bashaa-
sha et al., 2001; Swinton and Quiroz, 2003; Swinton

et al., 2003; Vosti et al., 2003; Ravnborg, 2003).

Along similar lines, Arnold et al. (2001) find the

commercialization of NTFP can bring about a whole

host of situations that can lead to unsustainable

harvest and result in poorer users becoming disad-

vantaged. Others have found evidence that poverty

instead leads to increased deforestation levels (Dur-

aiappah, 1998; Deininger and Minten, 1999; Baha-

mondes, 2003). And finally, some have found an

inconsistent or insignificant relationship (Bashaasha

et al., 2001; Agudelo et al., 2003).

Reardon and Vosti (1995) suggest that the general-

ization of existing links between poverty and envir-

onmental degradation can lead to the oversimpli-

fication of a complex relationship. Atmadja (2003)

addresses this shortcoming with a systematic meta-

analysis of over 400 studies on deforestation and

analyzes the poverty/deforestation relationship using

a vote count method in combination with meta-

regression methodology. The empirical analysis of

over 40 studies does not find a positive and signifi-

cant relationship between forest degradation and

poverty. Instead, the author finds greater evidence

of a positive relationship or an insignificant relation-

ship between wealth and forest degradation. And, in

a review of several macro- and micro-based studies,

Wunder (2001) also finds few cases of possible

synergies between forest clearing reduction and pov-

erty alleviation.

In this paper, we analyze links between wealth and

deforestation through different measurements of

household welfare. The first measurement of welfare

is current household income (measured over a 4-year

time period in constant dollars), the more typical

measurement of poverty. The second is the estimation

of the total value of the household harvest. The har-

vest value captures the values of goods consumed at

home and sold in markets. Our last indicator of wel-

fare is the diversification of crops harvested and sold

since a greater level of diversification generally trans-

lates into a richer, more varied diet.

Crops produced through agroforestry and the col-

lection of NTFP, from communally or privately

owned forest, have been found to provide insurance

for the poor and increase diversification opportu-

nities (Pattanayak and Sills, 2001; Wunder, 2001).

There are several ways that rural households can
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achieve income diversification to spread risk and

smooth consumption (Ellis, 1998; Reardon et al.,

1992; Caviglia-Harris and Sills, 2005). These include

the production of a variety of crops for on-farm

consumption and sale, reciprocity agreements, enga-

ging in off-farm employment, asset accumulation,

and the collection of NTFP (Zimmerman and Carter,

2003). Households that participate in these activities

to reduce the risk associated with household and

crop disease, price shocks, and unpredictable weather

events are said to follow the portfolio theory of

diversification.

There are several households in the survey area

that participate in the collection and harvest of nuts,

fruits, honey, and fish from forests or agroforestry

plots. This group of foodstuffs has been categorized

as bsustainableQ by the local non-profit organization

APA (The Association of Alternative Producers)

because these goods are not harvested from clear-cut

forest. We hypothesize that participation in sustain-

able harvest, or the collection of non-timber forest

products (NTFP) can increase diversification, reduce

risk and increase the diet variety of household. How-

ever, it is not known whether the actual benefits of

collecting and selling these goods outweigh the for-

gone benefits of harvesting annual crops or the returns

from cattle and dairy trade.
3. Methodology and framework

Rural households in the government colonized

regions of the Amazon (including the study area)

often engage in a variety of activities including the

production of annual and/or perennial crops alone or

in integrated systems, cattle ranching, and the husban-

dry of other farm animals. Many of these activities are

associated with increased deforestation levels because

cleared land, in addition to household labor, fertilizers

and pesticides, is a major production input for these

forested lots. Households do not typically use

mechanized production methods but rather rely on

available household labor, minimal chemical inputs

and seasonal hired labor. This model is designed to

highlight the processes that are investigated in the

empirical analysis and to represent the production

decisions of the households. The model builds on

the household production framework implying that
production and consumption decisions are nonsepar-

able (Singh et al., 1986; de Janvry et al., 1991;

Melmed-Sanjak and Santiago, 1996; Sills et al.,

2003).

Households are assumed to maximize utility, a

function of the consumption of home produced agri-

cultural goods (XA), market goods (XM) and leisure

(LL), through the quasi-fixed inputs: labor (L) and

land (D), conditioned on household and lot character-

istics (H). Utility maximization is subject to both

income and time constraints:

Max: U ¼ U XA;XM; LL;Hð Þ ð1Þ

subject to:

PMXM ¼ PA Q� XAð Þ � PNXN þWL̄L W ¼
XI

i¼1
Wi

L̄L ¼ Lþ LH LzLA þ LW þ LL L ¼
XI

i¼1
Li

D ¼ DP þ DC þ DF: ð2Þ

The number and age of household members restrict

the household’s labor allocation (L), and can be

divided between different uses, including agriculture

(LA), off-farm or wage employment (LW) and leisure

(LL). The total labor used in production, (L̄) is the

addition of hired labor (LH) to the household labor

endowment (L). Land available for production is

constrained by the size of the lot (D) and divided

between use in agriculture, including crops (DC) and

pasture (DP) (i.e. land that has been deforested) and

forest (DF).

The consumption of market goods (PMQM) is

constrained by the cash income from agricultural

production PA(Q�XA), input costs (excluding hired

labor) (PNXN), and off-farm income and/or labor

costs (WWLW), where PA is a matrix of agricultural

prices, PN is the matrix of input prices, W represents a

matrix of wages in i alternatives, including that for

home production (WA), leisure (WL), off-farm labor

(WW) and hired labor (WH). Total household produc-

tion (Q) consists of crops (those agricultural goods

harvested from planted and cleared fields), forest

goods (those collected from the forest found on the

household lot either naturally or as part of integrated
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systems such as intercropping or agroforestry), and

beef and milk.

Q ¼ Q LA; LH;D;N ; d;H ; hð Þ ð3Þ

The farm production of agricultural goods (Q) is

conditioned on the technology parameter, h, (such as

the use of herbicides to create pasture or the use of

fertilizers for crop production) and household and lot

characteristics, H, that can influence output levels like

the education and experience of household members.

The diversification (d) of agricultural goods is

expected to impact total output along with, N, a

matrix of agricultural inputs (excluding household

labor). The four constraints can be reduced to the

following:

PMXM þ PAXA þWLLL ¼ pþWWLW: ð4Þ

Where p represents the farm profit and the production

constraint has been substituted for the level of output;

p=PAXA(LA,LHD,N,d; H,h)�PNXN�WHLH�WALA.

The right hand side of Eq. (4) represents expendi-

tures on markets goods, the household’s own produc-

tion and leisure (where WL represents the shadow

value of wages) and the left side represents cash

income from the sale of agricultural goods and

labor. In these equations households can chose con-

sumption levels and the uses of labor and land.

Solving for profit first, production decisions can be

made independent of consumption choices in any

time period t:

Li ¼ L Wi;PA;PN;D; d; h;HÞ:ð ð5Þ

And, using the solution for Li in the profit maximiz-

ing condition and substituting into Eq. (4), one can

solve for all factor demand functions:

XN ¼ XN Wi; PA; PM; PN; Y ; D; d; h; Hð Þ ð6Þ

where Y represents the full household income includ-

ing farm profits and off farm labor. Therefore the

variable demand functions for all goods bpurchasedQ
by the household are functions of all exogenous

variables. Included in the factor demand equation

is the allocation of land between crops, pasture and

forest. The focus of the regression analysis is on the
estimation of Eq. (3) (the production of agricultural

goods) and the division of XN between the different

production options (Eq. (6)).

Two different methods of diversification are used in

the estimations. The first, a count variable, is calcu-

lated as the summation of the total crop types har-

vested (including rice, maize, beans, manioc, wood,

rubber, various fruits and nuts, honey, beef and milk).

The second, the most widely used measurement of

species diversity, is called the Shannon index (Diker

et al., 2004; Kehlenbeck and Maass, 2004; Roy et

al., 2004). This index accounts for differences

according to richness (count) and abundance (per-

centage of crops harvested) and is calculated as

follows:

Shannon Index ¼ �
Xn

j¼i
pilnpi ð7Þ

where p represents the percentage of the total har-

vest value of a single crop relative to the total value

of harvest from agriculture. The index increases in

value with both the count of crops and bevennessQ of
harvest. Evenness represents the degree to which the

crops are spread between the total household harvest.

For example, a household that harvests four crops,

each in equal proportion (25% of the harvest value)

would have a greater level of evenness compared to

a household that harvested four crops in different

proportions. These households have the same level

of diversification according to the count method;

however the Shannon index attributes a greater

value to the households that harvested a more

equal percentage of crops. The Shannon index can

therefore better represent differences between house-

holds that harvest relatively small quantities of

NTFP (and rely primarily on annual crops and cattle)

and households that have a greater dependence on

NTFP and sustaining forest cover. For a discussion

of alternative measurements of diversity, see Önal

(1997a,b).

The degree of diversification (d) can either

increase or decrease total output depending on

economies of scale and current prices. Diversifica-

tion theory suggests that any decreases in total pro-

duction may be outweighed by the decrease in risk

associated with producing a variety of goods. The
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impact of diversification on output can be seen by

the following:

BQ

Bd
¼ BLA

Bd
þ BLH

Bd
þ BQ

BXN

BXN

Bd
: ð8Þ

Eq. (8) suggests that the influence of diversification

can be derived empirically, but not theoretically.

Increases in diversification are likely to require addi-

tional labor (to collect and/or harvest a greater vari-

ety of crops with different nutrient, soil and sun

requirements), however, the implication for house-

hold (LA) and hired labor (LH) are unclear as they

can be substituted for one another. For example, if

additional household labor is used, this may reduce

off-farm labor opportunities and the income available

to hire labor. The indirect impacts on output are also

unclear. Increases in diversification may or may not

require additional inputs (outside of labor).

Available variables for the estimation of produc-

tion include the household labor allocation, LA (adult

males), hired labor, LH, inputs, N, including cattle

owned in previous years, land use, and income from

the previous time period, the use of different tech-
Fig. 1. Map of the Survey Site in Ouro
nologies, h, including chainsaws, fertilizers, and her-

bicides, household and lot characteristics, H,

including age and education level of the household

heads, soil type, wealth (estimated by the number of

vehicles owned), and diversification, d. Two count

measurements of diversification are calculated: the

total number of goods produced on the farm lot and

the total number of goods sold along with a Shannon

index calculated for harvested goods and one for

crop sold. These measurements are used in the esti-

mation of total value of production and total farm

income.
4. Data description and study site

Large-scale migration to Ouro Preto do Oeste

began in the 1970s as part of the government coloni-

zation program Operation Amazonia (Fig. 1). Due to

relatively fertile soils and easy access provided by the

creation of the major state highway, BR-364, the

region was settled more intensively than most other

Amazonian colonization projects in the same time

period. During the 1980s, the World Bank sponsored
Preto do Oeste, Rondônia, Brazil.
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project POLONOROESTE, which included paving

BR-364, further promoting settlement of the region

(Mahar, 1989).

The Ouro Preto do Oeste region was first estab-

lished as a single municipality by the federal land

agency INCRA (National Institute for Colonization

and Agrarian Reform). The region was subdivided

into four municipalities in the early 1990s, and now

comprises six: Ouro Preto do Oeste, Vale do Paraı́so,

Urupá, Mirante da Serra, Nova União, and Teixeir-

ópolis, (Fig. 1) with a population over 92,000

(IBGE, 2004). The region remains relatively rural

(58% of the population); however, most of the

urban population (68%) is concentrated in the single

municipality of Ouro Preto do Oeste reflecting the

establishment of an urban center. Many of the major

side roads within the municipalities are paved, or in

the process of being paved, although side roads

leading to a majority of households remain unpaved

and difficult to travel during the rainy season. Year

round bus service is available along BR-364 and

most major side roads.

The data used in this study originate from a house-

hold panel collected in 1996 and 2000 in the six

municipalities in the Ouro Preto do Oeste region.2

The main agricultural activities of the rural population

include the harvesting of maize, rice, beans, manioc,

coconut, and coffee, and the production of meat and

milk from cattle (Caviglia, 1999). Well-developed

markets exist for all of these products with the excep-

tion of maize and manioc, which primarily serve as

feed for farm animals. Many households also collect

fruits from the forested portion of their lots for home

consumption. Those collected on a more regular basis

by the average household include pineapple, papaya,

oranges, limes, mangoes, cashews, açai, and cupuaçu.

Household lots are relatively large, averaging 72 ha in

1996 and 68 in 2000, and divided between monocul-

tured crops (7 ha on average in 1996 and 8 in 2000),

forest (20 ha on average in 1996 and 16 ha in 2000),

pasture (44 ha on average in 1996 and 45 in 2000),

and agroforestry (approximately 0.2 ha in both years).

Table 1 provides an overview of the variables and

their definitions used in the study. Tables 2 and 3
2 For further detail about the survey and data collection process,

see Caviglia (1999), Caviglia and Kahn (2001), Caviglia-Harris

(2003, 2004).
present selected descriptive statistics for the years

1996 and 2000, respectively. The panel data are

divided between two groups of households: those

that produce NTFP, defined to be sustainable by

the local World Bank sponsored NGO, the Associa-

tion of Alternative Producers (including honey, fish,

fruits and crops produced through agroforestry sys-

tems), and those households that do not harvest some

of these less marketable crops but rather focus on

cattle, annual crops, or coffee. We present the data in

this manner to test for significant differences in

household characteristics, income and diversification

levels for these groups of households. From these

descriptive statistics, we find that households that

focus on NTFP in both 1996 and 2000 are signifi-

cantly larger (suggesting that labor requirements may

be greater or a limiting factor), significantly younger

and more educated, have higher levels of income

from honey and fish and perennials, but lower levels

of income from milk and cattle, have more forest on

their lots and have significantly higher levels of

diversification in terms of the agricultural goods

that they harvest and sell (nearly twice as large

over both years).

In the period between 1996 and 2000 the region

experienced substantial changes as growth and devel-

opment continued at a rapid pace. In particular, the

market structure of the region changed as the urban

center developed, milk processing plants increased

and markets for many agricultural goods began to

mature. These infrastructure changes altered the pro-

duction choices of many of the agricultural house-

holds. Between 1996 and 2000 the number of cattle

owned by these households increased by approxi-

mately 33%. Although the income levels from milk

production and the value of milk harvested were not

significantly different between households focused

on NTFP to those focused on annual crops and cattle

in 1996, the 2000 descriptive statistics illustrate

major changes between the two groups. Those

households focused on annual crops and cattle

show income levels and production values of milk

to be nearly 50% more than that of the NTFP house-

hold average by 2000. And, closely related to the

increased interest in the milk market is the area of

land devoted to pasture on the farm. In 1996, the two

groups did not differ by much in terms of hectares of

pastured land but in 2000 annual crops/cattle house-



Table 1

Variable definitions

Variable Definition

Family number of family members residing on the lot

Men number of male household members over the age of 9

Boys number of male household members between the ages of 0 and 9

Women number of female household members over the age of 9

Girls number of female household members between the ages of 0 and 9

Agehh average age of the household heads, in years

Eduhh average education of the household heads, in years

Inc Annuals total yearly household income from annual crops, 2000 reaisa

Inc Perennials total yearly household income from perennial crops, 2000 reais

Inc Off total yearly household income from off-farm labor, 2000 reais

Inc Milk total yearly household income from milk, 2000 reais

Inc Meat total yearly household income from cattle, 2000 reais

Inc HF total yearly household income from honey and fish, 2000 reais

Inc Total total yearly household income from agricultural production in thousands of reais, 2000 reais

Har Annuals total yearly household value of all annual crops harvested, 2000 reais

Har Perennials total yearly household value of perennial crops harvested, 2000 reais

Har HF total yearly household value of honey and fish, harvested 2000 reais

Har Milk total yearly household value of milk harvested, 2000 reais

Har Meat total yearly household value of meat (animals) harvested, 2000 reais

Har Total total yearly household value of agricultural crops harvested in thousands of reais, 2000 reais

Lot Size size of lot in hectares

Agriculture number of hectares in agriculture

Pasture number of hectares in pasture, secondary forest, or fallow

Deforestation number of hectares deforested or cleared for pasture and agriculture; =AGRI+PAS

Forest number of hectares in primary forest

Intercropping number of hectares in intercropping

Cattle number of cattle owned by the household

Vehicles total value of all vehicles owned, 2000 reais

Diversification of Harvest number of different goods harvested

Diversification of Crops Sold number of different goods sold

Shannon Index of Harvest Shannon Index for total crops and NTFP harvested; pi (proportion) is calculated as the total value of the

good in 2000 reais (using average prices of the good in the survey year adjusted for inflation) divided

by the total harvest value in a given year

Shannon Index of Crops Sold Shannon Index for total crops and NTFP sold; pi (proportion) is calculated as the total value of the good

sold in 2000 reais (using reported prices received) divided by total crop income in a given year; value

is adjusted for inflation

NTFP indicating a focus on non-timber forest production including fruits, resins, nuts, honey and fish;

1=yes, 0=no

Pay Labor total yearly payment for hired labor, 2000 reais

Chemical Inputs use of chemical inputs including fertilizers, pesticides, and/or herbicides; 1=yes, 0=no

Soil dominant soil type on lot; 1—good, 2—moderate, 3—restricted, 4—unsuitable

Year survey year; =1996 or 2000

a In 2000 US$1=R$1.83, the National Trade Data Bank, U.S. Department of Commerce, http://www.stat-usa.gov, July 2001.
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holds converted 33% more of their farmland and

forest cover to pasture.

The level of diversification of harvest and crops

sold is significantly higher for the households that

depend to a greater extent on NTFP. This level is

higher across both years and found to hold for both

measurements of diversification calculated: the count
of crops harvested and sold and the Shannon index for

those agricultural goods that are harvested and sold.

To gain a greater perspective on regional trends

and to compare the survey results to data collected at

the macro scale, Table 4 provides census data for the

region over the survey years. Changes in the produc-

tion of selected annual crops, perennial crops, milk,

http://www.stat-usa.gov


Table 2

Selected descriptive statistics for 1996 households

Variable Household with a Focus on Annual Crops,

Coffee, and/or Cattle (n =149)

Household with a Focus on NTFP (n =47) t-stats

Mean Std. Dev. Minimum Maximum Mean Std. Dev. Minimum Maximum

Family 8.168 5.594 1.000 33.000 10.000 6.561 2.000 37.000 1.876*

Men 3.309 2.193 1.000 13.000 4.085 2.812 1.000 15.000 1.971*

Boys 0.980 1.297 0.000 6.000 1.191 1.296 0.000 5.000 0.975

Women 2.752 2.082 0.000 14.000 3.489 2.561 0.000 11.000 1.999**

Girls 1.128 1.513 0.000 8.000 1.234 1.255 0.000 6.000 0.437

Agehh 45.953 13.078 18.500 77.500 40.883 12.129 22.000 73.000 �2.357**
Eduhh 2.409 2.429 0.000 11.000 3.500 2.465 0.000 9.500 2.675***

Inc Annuals 530.237 1123.771 0.000 8722.335 1013.318 1485.831 0.000 6541.751 2.368**

Inc Perennials 1702.272 4525.758 0.000 37,169.040 3727.778 6214.334 0.000 39,646.976 2.432**

Inc Off 2048.463 5850.591 0.000 59,767.816 2166.085 3661.811 0.000 18,316.903 0.130

Inc Milk 3087.834 3434.890 0.000 16,057.025 3147.585 4649.879 0.000 30,106.922 0.095

Inc Meat NA NA NA NA NA NA NA NA N/A

Inc HF 0.000 0.000 0.000 0.000 828.237 1133.426 0.000 4646.130 8.970***

Har Annuals 2964.540 6089.290 0.000 54,022.30 4158.130 5614.190 0.000 31,127.800 1.193

Har Perennials 2266.020 6192.460 0.000 61,373.100 4806.680 6474.760 26.706 39,647.000 2.426**

Har Meat NA NA NA NA NA NA NA NA NA

Har Milk 3197.360 3404.770 0.000 16,057.00 3008.290 4588.250 0.000 30,106.900 �0.304
Lot Size 68.300 43.109 10.000 300.000 80.090 58.299 3.000 325.000 1.495

Agriculture 7.132 6.401 0.000 36.000 8.074 6.590 0.000 27.000 0.874

Pasture 45.774 37.775 2.000 260.000 41.665 35.147 0.500 175.000 �0.661
Forest 15.394 16.270 0.000 90.000 28.580 32.251 0.000 135.000 3.721***

Intercropping 0.000 0.000 0.000 0.000 1.771 2.167 0.000 10.000 10.032***

Cattle 66.201 77.229 0.000 600.000 79.532 86.653 0.000 400.000 1.001

Diversification of Harvest 5.240 2.782 0.000 11.000 9.104 2.699 1.000 14.000 8.501***

Diversification of Crops Sold 1.553 1.378 0.000 5.000 3.000 1.530 0.000 6.000 6.187***

Shannon Index of Harvest 0.891 0.528 0.000 1.732 1.265 0.392 0.000 2.000 4.479***

Shannon Index of Crops Sold 0.329 0.417 0.000 1.555 0.477 0.441 0.000 1.394 2.083**

*, **, *** indicate significance at the 10%, 5%, and 1% levels, respectively.

In 2000 US$1=R$1.83, the National Trade Data Bank, U.S. Department of Commerce, http://www.stat-usa.gov, July 2001.
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and honey between 1992–1996, 1996–2000, and

2000–2002 are presented.3 For comparison, Table 5

presents percentage changes in production for the

same selected crops from 1996 to 2000 based on the

survey data. The census data in Table 4 as well as the

survey data in Table 5 both exhibit an overall decrease

in the production of annual crops including rice,
3 Data is not available for any of the six municipalities in the Ouro

Preto do Oeste region other than Ouro Preto do Oeste in 1992

because only this one municipality existed. In 1993 the region was

subdivided into four municipalities: Ouro Preto do Oeste, Vale do

Paraı́so, Urupá, Mirante da Serra. In 1997 it was divided into six

(see Fig. 1). Some changes in production in the municipality of

Ouro Preto do Oeste are therefore the result of municipality sub-

divisions. For this reason, the region total (including the munici-

pality of Ouro Preto do Oeste prior to 1993 all municipalities by

1997) is also provided in Table 4.
beans, and maize for all three time periods. In addi-

tion, the household production of coffee yields a

positive percentage increase in every municipality

and the region until 2000. However, according to

the census data, it appears that this trend reversed in

the following years for the region, but continued to

increase for the state of Rondônia and the Amazon.

Citrus fruit production increased according to the

household data by almost 30% from 1996 to 2000

but decreased according the census data by approxi-

mately 26% for the same time period. Milk produc-

tion, increased by about 76% on average in the region

for households in the survey data between 1996 and

2000 and along similar lines the census data shows

continual increases in milk production for Ouro Preto

do Oeste, Rondônia and the Amazon between 1992

and 2002. And finally, honey production appears to

http://www.stat-usa.gov


Table 3

Selected descriptive statistics for 2000 households

Variable Household with a Focus on Annual Crops,

Coffee, and/or Cattle (n =157)

Household with a Focus on NTFP (n =38) t-stats

Mean Std. Dev. Minimum Maximum Mean Std. Dev. Minimum Maximum

Family 7.083 5.659 0.000 36.000 8.579 6.021 0.000 25.000 1.444*

Men 2.898 2.176 0.000 11.000 3.447 2.368 0.000 10.000 1.372

Boys 0.866 1.498 0.000 11.000 0.816 1.111 0.000 3.000 �0.195
Women 2.510 2.108 0.000 12.000 3.237 2.235 0.000 8.000 1.886*

Girls 0.809 1.297 0.000 10.000 1.079 1.282 0.000 5.000 1.154

Agehh 49.312 12.529 23.500 74.500 39.944 10.758 23.000 71.000 �4.147***
Eduhh 2.452 1.600 0.000 8.000 3.722 1.892 0.000 8.000 4.147***

Inc Annuals 227.47 898.62 0.00 7800.00 475.50 789.70 0.00 3320.00 1.488

Inc Perennials 1928.69 5289.38 0.00 48,000.00 2698.79 3097.59 0.00 9769.00 0.893

Inc Off 3684.94 7363.23 0.00 50,000.00 2874.86 6096.22 0.00 28,992.00 �0.646
Inc Milk 6509.90 7581.11 0.00 51,660.00 4205.94 5277.53 0.00 21,438.00 �1.766
Inc Meat 3624.00 11,310.00 0.00 90,023.50 2529.57 3111.20 0.00 10,533.00 �0.595
Inc HF 0.00 0.00 0.00 0.00 735.00 924.37 0.00 3600.00 9.832***

Har Annuals 1375.21 1882.92 0.00 12,099.70 2569.96 2051.10 0.00 8939.17 3.346**

Har Perennials 3085.57 5898.15 0.00 48,064.90 5624.74 5177.36 0.00 15,944.70 2.061**

Har Meat 33.34 257.28 0.00 2800.00 639.25 1079.49 0.00 4500.00 6.351***

Har Milk 6640.57 7531.16 0.00 51,660.00 4238.57 5282.81 0.00 21,438.00 �1.850*
Lot Size 64.082 34.704 0.000 150.000 57.551 42.043 13.500 150.000 �0.918
Agriculture 6.214 7.178 0.000 45.000 6.000 5.457 0.000 20.000 �0.140
Pasture 45.983 31.473 0.000 107.500 30.189 27.648 0.000 100.000 �2.820***
Forest 11.761 14.099 0.000 97.500 18.285 25.817 0.000 130.000 2.249**

Intercropping 0.125 0.748 0.000 7.500 3.077 4.162 0.000 15.000 8.399***

Cattle 98.146 95.954 0.000 500.000 64.026 64.550 0.000 247.000 �2.079**
Diversification of Harvest 6.577 3.312 0.000 14.000 9.444 4.588 0.000 18.000 4.340***

Diversification of Crops Sold 1.204 1.121 0.000 5.000 2.722 1.684 0.000 6.000 6.503***

Shannon Index of Harvest 0.990 0.531 0.000 1.916 1.209 0.543 0.000 2.035 4.076***

Shannon Index of Crops Sold 0.159 0.267 0.000 1.008 0.344 0.403 0.000 1.122 2.380**

*, **, *** indicate significance at the 10%, 5%, and 1% levels, respectively.

In 2000 US$1=R$1.83, the National Trade Data Bank, U.S. Department of Commerce, http://www.stat-usa.gov, July 2001.
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show a general decline in the study region since 1992

according to both data sets, but is increasing in the

state and Amazon region up until 2002 according to

the census data.

Overall, these data reveal that the production of

different agricultural goods has hardly been stable

over the 10-year period considered, however there

are some consistent trends to be noted. On average,

households are reducing the production of annual

and perennial crops and moving into cattle and

milk production. These responses to market infra-

structure changes and the maturing of this region

play a crucial role in the development of policy to

address poverty and deforestation since in most cases

they represent opportunities for household welfare

improvements. To shed further light on these house-

hold choices, in the following section we estimate
the value of different production alternatives per

hectare of land use and then estimate the determi-

nates of household well-being.
5. Estimation of forest value and regression

analysis to explain household choices

This section begins with the estimation of the value

of a hectare of forest for three different activities: the

production and harvest of monocultured crops

(including rice, maize, beans, manioc, coffee, cacao

and bananas), the collection and production of NTFP

(honey, fish, papayas, cupuaçu, açai, passion fruit,

pineapple, citrus and other tropical fruits), and the

harvest of milk and cattle (Table 6). The collection

and harvest of NTFP serve as a comparison for esti-

http://www.stat-usa.gov


Table 4

Percentage changes in the production of selected annual crops, perennial crops, milk and honey based on census data

Region name Rice (Tones) Bean (Tones) Maize (Tones) Manioc (Tones) Milk (L)

1992–

1996

1996–

2000

2000–

2002

1992–

1996

1996–

2000

2000–

2002

1992–

1996

1996–

2000

2000–

2002

1992–

1996

1996–

2000

2000–

2002

1992–

1996

1996–

2000

2000–

2002

Mirante da Serra NA �45.54 �11.15 NA �36.37 �29.24 NA �40.20 52.31 NA 9.09 �0.83 NA 55.91 39.27

Nova União NA NA �67.90 NA NA �16.39 NA NA �58.56 NA NA 44.44 NA NA 37.15

Ouro Preto do Oeste �84.82 �46.51 �80.45 �74.09 �37.10 �73.98 �73.90 �46.50 �76.15 �91.08 �35.59 111.58 108.83

Teixeirópolis NA NA 23.80 NA NA �41.20 NA NA 2.22 NA NA 8.62 NA NA 48.71

Urupá NA �23.65 �46.11 NA 8.99 �77.47 NA �2.39 �39.22 NA 0.64 8.28 NA �59.29 358.11

Vale do Paraı́so NA �22.51 �86.03 NA �55.07 �62.05 NA �13.14 �66.00 NA 14.29 4.55 NA �49.96 208.33

Ouro Preto do

Oeste –

REGION

�61.36 �19.65 �52.66 �8.42 �8.27 �57.66 �41.52 �11.08 �40.83 �80.11 10.38 37.38 215.18 6.60 45.37

Rondônia �41.55 37.92 �35.24 0.29 �27.04 �28.58 �37.47 22.89 �25.05 �77.46 98.44 22.57 21.10 33.10 52.54

Amazon �1.65 34.02 �8.74 17.86 �16.88 �2.57 19.08 22.89 �17.04 20.66 18.54 2.53 6.24 36.19 48.78

Region Name Coffee (Tones) Cacao (Tones) Banana (Bunches) Citrus Fruits (Thousands) Honey (kg)

1992–

1996

1996–

2000

2000–

2002

1992–

1996

1996–

2000

2000–

2002

1992–

1996

1996–

2000

2000–

2002

1992–

1996

1996–

2000

2000–

2002

1992–

1996

1996–

2000

2000–

2002

Mirante da Serra NA 148.88 �68.95 NA 402.78 �18.51 NA 9.57 690.29 NA 11.56 �91.49 NA 15.74 �31.22
Nova União NA NA �28.57 NA NA �47.83 NA NA 721.31 NA NA �88.48 NA NA 114.36

Ouro Preto do Oeste �55.87 �14.35 �25.89 �82.68 183.78 �50.26 �97.08 �39.64 1465.09 �90.54 �43.55 �59.75 �70.21 �49.93 �57.02
Teixeirópolis NA NA �51.30 NA NA �69.34 NA NA 638.64 NA NA �57.14 NA NA 0.30

Urupá NA �25.82 �52.96 NA 316.42 �15.77 NA 9.87 494.61 NA �100.00 NA NA �58.78 39.07

Vale do Paraı́so NA 75.74 �47.53 NA 12.21 �4.60 NA 16.49 460.18 NA �100.00 NA NA 48.87 �36.62
Ouro Preto do

Oeste-REGION

32.55 42.99 �49.06 �74.50 213.21 �41.96 �93.51 5.46 799.70 �77.86 �25.92 �75.39 �37.03 0.23 �14.08

Rondônia �81.56 30.84 691.60 �75.23 241.42 �6.04 �81.56 30.84 691.60 �55.84 14.49 �89.17 �29.59 106.52 16.85

Amazon 40.02 27.33 579.85 �25.18 23.68 10.41 40.02 27.33 579.85 45.95 �14.62 �83.77 7.89 101.09 23.02

Source: IBGE (2004), Instituto Brasileiro de Geografia e Estatı́stica, SIDRA, Banco de Dados Agregados, Produção Agrı́cola Municipal (PAM) (ano 1990 a 2002), http://

www.ibge.gov.br/, April 20, 2004.
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Table 5

Harvest and percentage changes for the average household: selected annual and perennial crops, milk, and honey based on panel household survey data

Region name Rice (Bushels) Maize (Bushels) Beans (Bushels) Manioc (Bushels) Milk (L)

1996 2000 % Change 1996 2000 % Change 1996 2000 % Change 1996 2000 % Change 1996 2000 % Change

Mirante da Serra 25.88

(n =30)

13.61

(n =33)

�47.42 42.93

(n =30)

18.61

(n =33)

�56.66 30.58

(n =30)

17.17

(n =33)

�43.85 1351.67

(n =30)

956.52

(n =33)

�29.23 4170.00

(n =30)

7192.17

(n =33)

72.47

Nova União 33.05

(n =43)

27.92

(n =26)

�15.52 71.21

(n =43)

39.17

(n =26)

�45.00 22.16

(n =43)

10.83

(n =26)

�51.12 1156.98

(n =43)

877.78

(n =26)

�24.13 16,982.79

(n =43)

32,240.00

(n =26)

89.84

Ouro Preto

do Oeste

26.74

(n =23)

13.00

(n =22)

�51.38 133.70

(n =23)

42.95

(n =22)

�67.87 14.63

(n =23)

9.50

(n =22)

�35.07 2130.43

(n =23)

1448.64

(n =22)

�32.00 24,221.74

(n =23)

37,881.82

(n =22)

56.40

Teixeirópolis 28.40

(n =25)

3.95

(n =22)

�86.08 154.40

(n =25)

37.45

(n =22)

�75.74 13.80

(n =25)

2.27

(n =22)

�83.53 3968.00

(n =25)

388.64

(n =22)

�90.21 27,043.20

(n =25)

43,780.91

(n =22)

61.89

Urupá 32.00

(n =37)

14.46

(n =35)

�54.82 46.78

(n =37)

22.86

(n =35)

�51.14 27.46

(n =37)

12.03

(n =35)

�56.20 2494.59

(n =37)

594.29

(n =35)

�76.18 9335.68

(n =37)

14,688.00

(n =35)

57.33

Vale do Paraı́so 35.00

(n =38)

10.09

(n =34)

�71.18 44.50

(n =38)

31.65

(n =34)

�28.88 2.49

(n =38)

4.09

(n =34)

64.39 6228.95

(n =38)

344.71

(n =34)

�94.47 19,601.05

(n =38)

37,535.29

(n =34)

91.50

Ouro Preto do

Oeste-REGION

30.80

(n =196)

14.77

(n =172)

�52.05 75.04

(n =196)

31.88

(n =172)

�57.52 18.69

(n =196)

9.33

(n =172)

�50.09 2895.41

(n =196)

735.70

(n =172)

�74.59 16,218.37

(n =196)

28,563.49

(n =172)

76.12

Region Name Coffee (Sacs) Cacao (Fruits) Banana (Fruits) Citrus (Fruits) Honey (L)

1996 2000 % Change 1996 2000 % Change 1996 2000 % Change 1996 2000 % Change 1996 2000 % Change

Mirante da Serra 14.18

(n =30)

53.96

(n =33)

280.42 130.00

(n =30)

94.35

(n =33)

�27.42 39.17

(n =30)

34.78

(n =33)

�11.19 13.37

(n =30)

39.48

(n =33)

195.35 78.03

(n =30)

15.22

(n =33)

�80.50

Nova União 28.49

(n =43)

33.00

(n =26)

15.84 227.91

(n =43)

86.11

(n =26)

�62.22 165.84

(n =43)

98.06

(n =26)

�40.87 22.02

(n =43)

15.00

(n =26)

�31.89 76.91

(n =43)

33.06

(n =26)

�57.02

Ouro Preto

do Oeste

12.35

(n =23)

42.36

(n =22)

243.09 595.65

(n =23)

350.00

(n =22)

�41.24 350.65

(n =23)

270.91

(n =22)

�22.74 36.72

(n =23)

31.59

(n =22)

�13.96 90.00

(n =23)

62.27

(n =22)

�30.81

Teixeirópolis 9.56

(n =25)

16.27

(n =22)

70.22 48.96

(n =25)

4.55

(n =22)

�90.72 95.00

(n =25)

62.73

(n =22)

�33.97 21.72

(n =25)

22.73

(n =22)

4.64 0.08

(n =25)

11.36

(n =22)

14,104.55

Urupá 12.49

(n =37)

37.60

(n =35)

201.13 32.43

(n =37)

118.57

(n =35)

265.60 228.08

(n =37)

38.29

(n =35)

�83.21 19.96

(n =37)

22.43

(n =35)

12.37 11.89

(n =37)

24.00

(n =35)

101.82

Vale do Paraı́so 23.64

(n =38)

34.00

(n =34)

43.80 221.24

(n =38)

162.94

(n =34)

�26.35 144.24

(n =38)

53.35

(n =34)

�63.01 16.87

(n =38)

36.71

(n =34)

117.60 10.53

(n =38)

9.12

(n =34)

�13.38

Ouro Preto do

Oeste-REGION

18.03

(n =196)

35.99

(n =172)

99.63 195.06

(n =196)

132.33

(n =172)

�32.16 166.66

(n =196)

86.19

(n =172)

�48.29 20.99

(n =196)

27.19

(n =172)

29.49 43.67

(n =196)

25.06

(n =172)

�42.62
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Table 6

Estimation of current and potential extractive values of the rainforest for different activities, 2000 reais

Full sample (n =389) 1996 sample (n =196) 2000 sample (n =193)

Mean Std.Dev. Min. Max. Mean Std.Dev. Min. Max. Mean Std.Dev. Min. Max.

Income per hectare of forest for

NTFP (includes goods sold)

31.07 156.98 0.00 2300.00 25.73 104.10 0.00 851.79 36.50 196.80 0.00 2300.00

Harvest value per hectare of

forest for NTFP (includes

all goods consumed and

sold)

63.31 209.44 0.00 2794.55 51.38 148.86 0.00 1165.01 75.42 256.60 0.00 2794.55

Income per hectare of

agriculture fields for crops

(includes goods sold)

261.82 489.99 0.00 4955.87 301.69 567.33 0.00 4955.87 221.32 393.74 0.00 2736.00

Harvest value per hectare

agriculture fields for crops

(includes goods consumed

and sold)

657.82 895.00 0.00 6816.78 734.25 1043.23 0.00 6816.78 580.19 708.08 0.00 4201.71

Income per hectare of pasture

for milk and calves (includes

milk and calves sold)

195.99 417.88 0.00 5849.00 79.70 110.88 0.00 1231.04 314.09 559.08 0.00 5849.00

Harvest value per hectare of

pasture for milk and calves

(includes milk consumed

and sold, cattle sold and

owned)

598.56 616.86 0.00 7141.76 482.90 461.92 0.00 4160.27 716.02 724.38 0.00 7141.76

In 2000 US$1=R$1.83, the National Trade Data Bank, U.S. Department of Commerce, http://www.stat-usa.gov, July 2001.
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mates of the current and potential extractive value of

the forest presented earlier. These values are com-

pared to the current (income generating) and potential

value (total harvest value) of crops and milk and

cattle. Values are presented for the full panel sample,

which encompasses a 4-year time period (the com-

bined sample of households interviewed in 1996 and

2000). These values are also calculated for the two

sample years to investigate changes over time. When

calculating the per hectare value of the forest it is

important to consider changes over time due to market

as well as biodiversity changes. For example, NTFP

harvest can change drastically year to year due to the

unequal distribution of fruits, nuts and resins within

the forest (Gram, 2001). These values are presented in

2000 reais to be consistent with previous tables.

All income values are calculated as the number of

the unit sold multiplied by the price received by the

household (Table 6). The harvest values are calculated

as the total amount sold in addition to the value of all

goods consumed at home (Table 6).4 The income and
4 The average market price is used in the calculation of the total

harvest value when the goods were not sold by the household.
harvest values are then divided by the number of

hectares of the lot devoted to that activity in a given

year. The average income per hectare for NTFP is

calculated as R$31 (US$17) while the harvest value is

R$63 (US$35). For annual crops and coffee these

values are R$262 (US$143) and R$658 (US$359),

and for milk and cattle the values are R$196

(US$107) and R$599 (US$327), respectively. The

NTFP use value of US$17 falls within the range of

values of the more recent studies on use values, i.e.

$18–$24 per hectare (Godoy et al., 2000), and $9 and

$17 per hectare (Gram, 2001). The use value, depen-

dent upon current market conditions, could be inter-

preted as a lower bound for the value of the forest,

while the potential value, R$63 (US$35) can be inter-

preted as and upper bound for NTFP harvest, since

many of these goods are not traded due to missing

markets.

For comparison, the value per hectare of planted

crops and milk and calf production are presented.

Although these values do not represent the current

or potential values of the standing forest (since house-

holds must clear land to plant crops and support cattle)

they serve to represent household options or opportu-

http://www.stat-usa.gov
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nity costs. These values for crops and cattle activities

are significantly greater compared to NTFP suggest-

ing that households would be rational to devote con-

siderable portions of their lots to these activities

relative to NTFP. And, considering that the mainte-

nance of cattle requires a significantly smaller amount

of household labor compared to the planting and

harvesting of crops, this option is a fairly attractive

alternative for households.

Also noteworthy are the changes that occurred

between 1996 and 2000. Similar to trends noted

through the region, the current and potential values

of planted crops fell between the years while the

values for NTFP and cattle goods increased, and the

gap between the income (and potential income) from

milk and calf trade compared to NTFP increased

substantially in favor of milk and calves.

To further examine the choices of households we

also estimate, with regression analysis, the determi-

nants of income (based on all agricultural goods sold)

and potential income (based on all agricultural goods

harvested) for the household. These regressions and

variables used to estimate the model are based on the

theoretical framework presented in Section 3. The farm

production of agricultural goods (Q) (Eq. (3)) is

estimated as the total household income derived from

agriculture and the total household harvest of agricul-

tural goods on the lot. Variables used in the estimation

include the use of chemical inputs (h), wealth, age,
and education levels of the household (H), diversifi-

cation (d), and inputs including hired labor (LH), the

household labor force (men) (L), and soil type (N). In

addition, since the estimations are made based on a 2-

year panel of households, a variable indicating year is

included to account for the various market changes

occurring over the interview years.

Several regressions are performed to estimate the

(1) total harvest value of all agricultural goods pro-

duced on the lot, (2) total agricultural income, and (3)

the diversification of crops sold and harvested. These

regressions are tested for endogenity since diversifica-

tion and income (or harvest value) may be simulta-

neously determined (Table 7).5 Wald tests reveal no

simultaneity in the estimation of income and the
5 Total harvest value and the diversification of harvest are jointly

tested, and income and the diversification of crops sold are jointly

tested.
diversification of crops sold, however total harvest

value is found to be endogenous in the determination

of diversification of the harvest as measured by the

Shannon index. This regression is therefore run as a

two-stage least squares estimation using lot and

family size as instruments for harvest value.6

The regression results provide several important

findings. First, the determinants of harvest value and

income are found to differ substantially, suggesting

that these decisions are independently determined by

different factors. Education, wealth (vehicles), defor-

estation and diversification (as measured by count and

the Shannon index) are all found to significantly

impact the total harvest value while soil quality and

the number of cattle owned significantly impact agri-

cultural income. Education is inversely related to total

harvest value, suggesting that a one unit increase in

the average education of the household yields a loss

between $R540 and $R666 in harvest value. This

could be due to a greater number of off-farm labor

activities (and therefore greater off-farm income)

available to the more highly educated households.

The diversification of goods produced is signifi-

cant and positively related to the total harvest value

according to the count method of diversification,

implying that increasing the number of goods pro-

duced on the farm can significantly raise the value of

the harvest. However this relationship is not found to

be true in the estimation of income, nor is the sign

positive when including the Shannon index to mea-

sure the diversification of harvest. While increasing

the number of crops harvested by one is found to

increase harvest value by approximately R$ 687

according to the count methods, the negative coeffi-

cient on the Shannon index suggests that distributing

harvest between these agricultural goods more evenly

decreases the value of harvest. In other words, the

results suggest it is more beneficial of the household

to specialize in the harvest of a few goods rather than

focus on a variety of harvest opportunities. Lastly, in

the estimation of income, soil quality plays a signifi-

cant role. Higher quality soils are found to lead to

higher levels of income from agricultural goods.
6 A Wald test also reveals endogeneity in the estimation of the

number of crops harvested. When corrected for with two-stage least

squares estimation, the estimation exhibits extremely low explana-

tory power. This regression is therefore not presented in this paper.



Table 7

Estimation of current and potential earnings with diversification on the household lot

Total Harvest Value (Potential Income)

for crops, NTFP and milk (OLS estimation)

Total Agriculture Income (Current Income)

from crops, NTFP and milk (OLS estimation)

Diversification of Goods Sold

(OLS estimation)

Diversification

of Harvest

(2SLS estimation)

Count Variable Shannon Index Count Variable Shannon Index Count Variable Shannon Index Shannon Index

Constant �925.62 (586.205) �907.2440 (563.182) �3112.36*** (647.492) �2769.76*** (633.387) 257.02*** (68.3995) 92.62*** (19.0796) �16.2795 (29.7467)

Men 0.2337 (0.2801) 0.4361 (0.2712) 0.2466 (0.2952) 0.2529 (0.2848) 0.0282 (0.0307) 0.0171** (0.0086) 0.0484*** (0.0138)

Agehh 0.0603 (0.0519) 0.0382 (0.0506) 0.0699 (0.0556) 0.0663 (0.0535) 0.0083 (0.0058) 0.0013 (0.0016) �0.0019 (0.0026)

Eduhh �0.5399* (0.3146) �0.6664** (0.3109) 0.0555 (0.3338) 0.0355 (0.3293) �0.0484 (0.0347) �0.0119 (0.0100) �0.0261 (0.0169)

Pay Labor 0.0006 (0.0009) 0.0009 (0.0010) 0.0005 (0.0010) 0.0005 (0.0010) �0.0001 (0.0001) 0.0000 (0.0000) 0.0001* (0.0000)

Chemical Inputs 0.9658 (0.6318) 2.5522*** (0.5904) 0.2063 (0.6735) 0.6277 (0.6221) 0.5146*** (0.0638) 0.116*** (0.0178) 0.2285*** (0.0357)

Soil �0.4216 (0.5357) �0.7888 (0.5231) �1.1909** (0.5722) �1.398*** (0.5527) �0.0680 (0.0599) �0.0275* (0.0169) �0.0721*** (0.0269)

Vehicles 0.5913*** (0.0002) 0.6008*** (0.2235) 0.2241 (0.0002) 0.2629 (0.2378) 0.0023 (0.0000) 0.0015 (0.0072) 0.0102 (0.0129)

NTFP �0.3717 (1.8589) 0.4543 (1.8272) 1.2362 (1.9931) 1.1991 (1.9393) 0.4426 (0.2063) 0.0380 (0.0588) 0.0752 (0.0913)

Cattle 0.0919*** (0.0095) 0.0909*** (0.0092) �0.0028*** (0.0011) �0.0005 (0.0003)

Deforestation 0.0942*** (0.0174) 0.0804*** (0.0173) �0.0205 (0.0243) �0.0224 (0.0239) �0.0005 (0.0025) �0.0006 (0.0007) �0.0005 (0.0012)

Diversification of Harvest 0.6867*** (0.2192)

Diversification of Crops Sold 0.4746 (0.5444)

Shannon Index of Harvest �2.1982* (1.1499)

Shannon Index of Crops Sold 0.1597 (1.8297)

Inc Total 0.0052 (0.0059) 0.0001 (0.0017)

Har Total �0.0222** (0.0105)

Year 0.4619 (0.2936) 0.4555 (0.2820) 1.5586*** (0.3242) 1.3874*** (0.3172) �0.1283*** (0.0343) �0.046*** (0.0096) 0.0086 (0.0149)

R2 0.23 0.21 0.44 0.43 0.31 0.27 0.15

Adj. R2 0.22 0.18 0.42 0.41 0.28 0.24 0.12

F-stat 8.31*** 7.72*** 20.61*** 20.69*** 11.58*** 9.80*** 5.13***

n 323 323 323 323 323 323 323

*, **, *** indicate significance at the 10%, 5%, and 1% levels, respectively; standard errors in parenthesis.

In 2000 US$1=R$1.83, the National Trade Data Bank, U.S. Department of Commerce, http://www.stat-usa.gov, July 2001.
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The determinants of the two types of diversifica-

tion investigated differ, however several similarities

exist as well. In the estimations of the diversification

of harvest and crops sold as measured by the Shannon

index, household labor (men) plays a significant and

positive role in the determination of harvest diversifi-

cation. This suggests that a labor constraint may limit

the diversification of harvest and crops sold. It is

interesting that chemical inputs positively impact

both diversification types (according to both measure-

ments), while a greater reliance on NTFP in terms of

percentage of household income, decreases the diver-

sification of harvested crops.

The estimations also reveal that income and the

diversification of crops sold changed significantly

between the survey years, 1996 and 2000; while

total harvest value and the diversification of the

household harvest were unchanged. Households are

therefore collecting the same level of agricultural

goods and NTFP while the sale of many of these

increases. And finally, we find that the diversification

of the harvest increased, while the diversification of

crops sold decreased over this time period. The reduc-

tion in the number of crops sold (as well as many of

the other trends listed above) is most likely linked to

the regional changes noted earlier: households have

greater opportunities to specialize and participate in

specific markets.
6. Conclusion

This paper seeks to address questions related to

rainforest valuation and the role that individual deci-

sion makers play in alternative land uses and relate

these results to the greater issue of poverty and defor-

estation. We find that our estimates of the value of a

hectare of forest are within the range of recent pub-

lications. However, we also have the ability to com-

pare these estimates to the value of forest as used for

competing uses including planting and harvesting

annual crops and creating pasture to raise cattle.

These comparisons shed light on the choices facing

the average Amazonian household and reveal that the

opportunity costs of choosing to harvest non-timber

forest products, a production method proposed as

being more sustainable than that of cattle or crops,

can be relatively high. While the value of a hectare of
forest as used for NTFP may be useful in providing

benefit estimations for environmental policy, it is also

important to recognize that opposing land uses are on

the order of ten times greater in terms of income and/or

harvest, and increasing over time in this region. Envir-

onmental policy should therefore not only address the

extractive value of the forest, but also consider the

competing, and often more profitable, land use options

available to the household. It is also important to point

out that our estimations include the value of non-

market goods (using information collected on current

market prices and household harvest), which are often

ignored in these estimations due to a lack of informa-

tion. And, even so, the value of land devoted to NTFP

is found to be significantly lower than the current land

use alternatives.

Using a two-period panel that spans 4 years, we are

able to estimate household welfare as measured by

agricultural harvest, income, and diversification. We

complement these estimations with census data span-

ning 10 years to investigate market trends in the study

area and Amazon region. Our estimations of house-

hold welfare reveal that households utilizing sustain-

able practices in the forms of agroforestry and the

collection of non-timber forest products have signifi-

cantly higher levels of diversification, although total

income and harvest values (of all goods sold and

consumed) are not significantly greater. Specifically,

we find that diversification is greatest for the rela-

tively less educated households. These results suggest

that the more highly educated households are choos-

ing to specialize in the production of a few goods

rather than diversifying their production portfolios.

Given current market conditions and the increasing

opportunities in the cattle and milk trade, this is most

likely a rational choice.

We conclude that directing policy towards bwin–
winQ strategies may not be desirable for reducing both

poverty and deforestation in this region since we find

no clear evidence that these can successfully be

addressed simultaneously. We find that household har-

vest values are significantly increased with deforesta-

tion, suggesting that land uses more desirable from the

welfare perspective are those that produce goods from

cleared land rather than the forested portions of the lot.

Similarly, Summers et al. (2004) find that policies that

promote NTFP extraction are likely to be unsuccessful

in the western Brazilian Amazon. Specifically we find
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the NTFP diversification strategies do increase the

diversity of the crops available to the household. How-

ever the current and potential income from the planting

of annual crops and/or cattle husbandry is found to be

degrees higher. This additional income could provide

the means for households to purchase NTFP and other

dietary goods on the open market. Sustainable devel-

opment policy in this region should therefore focus on

increasing the value of the forest, or reducing the

opportunity cost of leaving standing forest on the

household lot, if sustainable production strategies are

to be more attractive to households in the future.
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evidence from Rondônia. Forest Ecology and Management

192, 161–177.

Swinton, Scott M., Quiroz, Roberto, 2003. Is poverty to blame for

soil, pasture and forest degradation in Peru’s Altiplano. World

Development 31 (11), 1903–1919.

Swinton, Scott M., Escobar, German, Reardon, Thomas, 2003.

Poverty and environment in Latin America: concepts, evi-

dence and policy implications. World Development 31 (11),

1865–1872.

http://www.ibge.gov.br


B.M. Shone, J.L. Caviglia-Harris / Ecological Economics 58 (2006) 249–267 267
Vosti, Stephen, Whitcover, Julie, Carpentier, Chantal Line, 2002.

Agricultural Intensification by Smallholders in the Western

Brazilian Amazon Research Report 130. International Food

Policy Research Institute, Washington, DC.

Vosti, Stephen A., Evaldo, Munoz Braz, Carpentier, Chantal Line,

D’Oliveira, Marcus V.N., Whitcover, Julie, 2003. Rights to

forest products, deforestation and smallholder income: evidence

from the Western Brazilian Amazon. World Development 31,

1889–1901.
Wunder, Sven, 2001. Poverty alleviation and tropical forests: what

scope for synergies? World Development 29 (11), 1817–1833.

Zimmerman, Frederick J., Carter, Michael R., 2003. Asset smooth-

ing, consumption smoothing and the reproduction of inequality

under risk and subsistence constraints. Journal of Development

Economics 71, 233–260.


	Quantifying and comparing the value of non-timber forest products in the Amazon
	Introduction
	Sustainable agriculture practices, diversification and poverty in the tropics
	Methodology and framework
	Data description and study site
	Estimation of forest value and regression analysis to explain household choices
	Conclusion
	Acknowledgements
	References


