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ABSTRACT   This study examines the impact household structure and economic 
circumstances on deforestation in the Brazilian Amazon.  It presents the results of an 
analysis conducted at property level, using both survey data and information derived 
from remote sensing.  Regression analyses and spatial autocorrelation tests are given, 
following a theoretical development integrating notions of the household economy with 
von Thünen.  The results from the empirical model indicate that social and demographic 
characteristics of households, as well as institutional and market factors, affect land use 
decisions. Thus, aggregate studies and spatially explicit models that do not include 
household information may be subject to specification bias. 
 
 
Key words: Brazilian Amazon; Deforestation; Remote Sensing; Behavioral Modeling 
JEL Codes: C21,C31,D1,Q12,Q24 

 
 

                                                 
1 Marcellus Caldas is a Postdoctoral Fellow at the Center for International Development and Adjunct 
Professor of Economics at the Federal University of Bahia. 
2 Robert Walker is Professor in the Department of Geography and Associate Professor at the Basic Science 
and Remote Sensing Inititiative Laboratory at Michigan State University. 
3 Stephen Perz is Assistant Professor in the Department of Sociology and Associate Professor at the Center 
for Latin American Studies at the University of Florida. 

 1 



 
I. INTRODUCTION 

 
Loss of the Amazon forest has attracted the scientific community's attention 

over the past few decades, due to possible impacts on the carbon cycle and species 

diversity.  A wide-ranging debate on what drives this process has pointed to a number of 

causes, including government polices (e.g., highway construction), logging, mining, 

agricultural development, and increased rates of migration (Fearnside, 1985; Mahar, 

1989; Browder, 1988; Serrão & Homma, 1993; Serrão, Nepstad & Walker, 1996 and 

McCraken et al., 1999).  Despite this research, little is known about the actual decision-

making processes leading to the loss of forest.  Although some research has posited profit 

maximization behavior among farmers in the region, most analyses have been undertaken 

at macro-scale, with some exceptions (e.g., Jones et al. 1995; Pichón 1993; Pichón et al. 

1997).  One consequence is that a clear picture detailing in statistical terms the behavioral 

underpinnings of land cover change in the region has not yet emerged.   

The primary aim of this paper is to implement a statistical model addressing 

tropical deforestation that is founded on a more complex view of behavior than earlier 

efforts, and that uses observational units for the actual decision-maker, as opposed to a 

geographic aggregate (e.g., Reis and Guzmán 1994; Pfaff 1999).  The focus is on small 

producers, typically colonists, who are responsible for a substantial portion of 

deforestation throughout the Amazon basin (Walker et al. 2000).  A secondary aim is 

methodological, and involves linking household survey data with classified satellite 

images.  Such integrated data have been used by McCracken et al. (1999) and Walker et 

al. (2000).  However, the McCracken effort was largely descriptive and the socio-

economic variables implemented in estimation (distance to markets and settlement 
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timing) were not theoretically derived (McCracken et al.1999:1316).  On the other hand, 

the Walker study was severely limited by sample size (n = 32).  The present estimation 

uses a sample of 153 observations and a theoretical framework based on the peasant 

economy and household production theory.   

In addition to linking household and survey data, the analysis also addresses the 

issue of spatial autocorrelation.  Indeed, there is abundant evidence that agricultural 

decision-making is contagious (e.g., Cassetti and Semple 1969), which would lead, 

presumably, to spatial relationships in land use (Walker and Solecki 1999).  

Unfortunately, estimation theory for spatially dependent data has only been developed for 

the case of a continuous dependent variable, which makes the problem of spatial 

autocorrelation intractable when the observational units are pixels showing discrete land 

cover switches (Bockstael 1996; Irwin and Geoghegan 2001).  Using continuous data for 

deforestation magnitude at lot level, Walker et al. (2000) considered the question, but 

spatial autocorrelation was not indicated, possibly because of non-contiguous properties 

and small sample size.  The present analysis undertakes an assessment of this potential 

problem with a larger sample, and a spatial sample of farmers that is much denser than in 

Walker et al. (2000).      

 The paper is organized as follows. In section two we consider previous statistical 

research on land cover change.  We touch briefly on the original formulations, and move 

directly to a discussion of spatially explicit models.  This leads to a critique of their 

behavioral assumptions.  In section three, we provide an account of the so-called Peasant 

Economy, in which economic behavior is highly conditioned by household structure and 

attitudes toward risk.  Section four provides a summary model for estimation, integrating 
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in particular notions of accessibility and market access with the household economy 

model of Chayanov.  Results are both presented and discussed.  Section five concludes 

the paper.   

 

II. PREVIOUS STATISTICAL RESEARCH  

Land cover change and Behavior Much work has been done on tropical 

deforestation since the seminal contribution by Allen and Barnes (1985), and it would be 

impossible to provide a complete review (see Kaimowitz and Angelsen 1998).  Thus, we 

consider the early work broadly to establish the context of current analyses focusing on 

“spatially explicit models” using highly disaggregated data. 

The initial effort at deforestation analysis attempted to explain forest loss at an 

aggregate scale, estimating deforestation occurring over some time period, Y, as a 

function of socio-economic and physical variables, X, or Y= f(X).  Data were obtained 

for jurisdictional units using government censuses on forest expanse and socio-economic 

indicators (Allen and Barnes 1985; Rudel 1989).  Current econometric work attacks the 

issue using deforestation data acquired from remote sensors, and processed in a GIS, 

which also generates the independent variables (Chomitz and Gray 1996; Mertens and 

Lambin 1997; Mertens and Lambin 2000).  Although geographers, sociologists, and 

ecologists developed the first statistical models of deforestation, formal specifications 

based on behavioral theory awaited the involvement of economists, who initially 

conceptualized the deforestation process as the expression of a derived demand for land 

emerging from a conventional statement of the firm’s maximization problem and need for 

factors of production (Panayotou and Sungsuwan 1994; Reis and Guzmán 1994).  With 
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the availability of highly disaggregate data, and measures of land cover change observed 

for individual pixel units, the operational model changed.  Although profit maximization 

remains the driving principle, the decision unit now involves individual parcels of land, 

and discrete switches between land cover categories based on the ranking of a finite set of 

alternatives.        

 For example, Bockstael (1996) gives the probability of developing a 

parcel of land,  j , as 

   

Prob (develop) = prob (VjDt + εjDt >   VjUt + εjUt) 

 

where V is the “systematic” component of net profit for developing the parcel (D) or 

leaving it in an undeveloped (U) state at time t, and ε is a random variable.  Similarly, 

Chomitz and Gray (1996) argue that a set of J land uses other than undeveloped forest 

provide potential rents, Ri, (i ε J) defined by prices and output.  The land use (or cover) 

actually occurring on a parcel is j, when Rj  > Ri, for all i ≠ j.  This leads to a logistic 

equation when R is decomposed into fixed and random components, and the random 

variable is specified in an appropriate fashion.  As with Bockstael (1996), the Chomitz 

and Gray (1996) approach is “spatially explicit,” with independent variables, including 

distance measures, generated by a geographic information system (See also Nelson and 

Hellerstein 1997).  

Rent (and profit) maximization constitutes the behavioral foundation for most 

spatially explicit models.  Such an assumption would seem defendable for explanations 

of land use under a bid rent paradigm (Alonso 1964), when property rights are well-
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established and the economic environment is mostly free from catastrophic shocks.  

However, the institutional environment of frontier areas is profoundly different from the 

reality of agriculture in the developed world, and may not be conducive to pure forms of 

profit maximization.  Mueller et al. (1994), Alston et al. (2000), and others have 

described the impact of insecure land tenure on resource use in the frontier, and on what 

this means for agricultural decisions.  Reduced levels of investment -- given short time 

horizons and the inability to use land as collateral in securing loans -- have strong 

potential effects on the pattern of land use.  

One possible response by small holders to insecure land tenure is risk-averse 

behavior.  This is borne out by empirical observation in Brazil (Dillon and Scandizzo 

1978; Homma et al. 1996; Faminow et al. 1999); furthermore, at least one theoretical 

framework has been advanced for the deforestation case in Amazonia, linking farming 

system switches (from sustainable forest extraction to ranching) to increases in the 

uncertainty of forest income due to the twin threats of fire and land invasion (Homma et 

al 1996).   

Walker et al. (2002) adapt the model of Homma et al. (1996) to the question of 

farming system choice, and develop an approach to estimation based on risk aversion.  

Consider the utility associated with a farming system, such as a ranch, a perennials 

plantation, or a rotational system of annual crops production.  Each system type is 

capable of generating income, I, and utility, U(I).  If I is a random variable affected by 

site conditions and system type, and if utility is a function of household structure, h, then 

utility can be written as U(h;I), where I possesses a density function, fi(h; I ), specific to 

the system.  Given the random nature of income, the farming systems each possess a 
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“certainty equivalent,” defined in practical terms as the minimum amount of certain 

income a farmer would accept to abandon the risky agricultural activity in question. The 

certainty equivalent (CE) can be interpreted as the value an individual places on a 

farming system (at any given point in time), subject to random shocks (e.g., sudden 

interest rate changes for household loans, malaria in the household labor force, etc.), 

given his or her attitude toward risk.  In formal terms, it may be defined as: 

 

U(CEi ) =  ∫ U(h; I ) fi(h; I )dI, or 

CEi  =  U-1[ ∫ U(h; I ) fi(h; I )dI], 

 

where U-1 is the inverse function of U  (DeGroot 1970; Ellis 1993).  Walker et al. (2002) 

use this certainty equivalent to define the “random utility function” used in their 

estimation, or  

U(i) = CEi  +  εi. 

where CEi is as defined and εi represents a random variable for unobserved effects.  

Hence, the probability that system i is selected may be written as  

P[U(i) > U(j)] 

which is identical in operational terms to the profit maximization models of Bockstael 

(1996), Chomitz and Gray (1996), and Nelson and Hellerstein (1997), for a finite set of 

farm system alternatives.   
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III.  THEORY OF THE PEASANT ECONOMY 

As part of its treatment of risk aversion, the model in Walker et al. (2002) 

necessarily addresses elements of the so-called “peasant economy,” a household level 

theory explaining links between household structure and land use, in the presence of 

weak market institutions. Given the empirical setting of the current application, the 

peasant economy model is of key importance to the discussion.   

The theory of small-scale agricultural production (Sing, Squire, and Strauss 1986) 

is based on an early model advanced by Chayanov, who studied the household economies 

of peasant farmers after the October revolution of 1917 (Torner et al., 1986).  For 

Chayanov, the main factors affecting the production decisions of peasant households 

were the availability of family labor and the degree of internal consumption that defined a 

household’s dependency on its own production.  Under an assumption of relatively easy 

access to land, Chayanov deduced that farm size mainly reflects family size, and not the 

degree of capitalization or the class position of the family.  Consequently, land 

distribution at a regional scale is primarily a demographic phenomenon, even in the 

presence of social differentiation (Chayanov 1925: 67-68).  An increase in available 

workers brings greater productive power to the household, and additional mouths to feed, 

all of which increases the acquisitive impulses of the family. 

  Chayanov developed an empirical description of the household “life-cycle,” in 

which the number of both workers and consumers tends to increase over time.  But these 

increases do not move in parallel, and so create another dynamic of critical import to the 

family.  In particular, given the delayed nature of additions to family labor power, non-

working children initially raise the number of consumers, thereby adding a burden to the 
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active household producers.  This demographic phenomenon has come to be known as 

dependency, and was originally measured by Chayanov as the ratio of consumers to 

workers in the household.  Thus, over a period of 20 to 25 years, the number of 

consumers and producers in the family shows non-decreasing trajectories, while 

dependency first grows, then diminishes after a peak between ten and fifteen years into 

the farm’s existence (Chayanov 1925: 59).   

 The notion of dependency and subsistence requirements can be placed within the 

framework of utility theory through Chayanov’s notion of self-exploitation.  In particular, 

Chayanov hypothesized and demonstrated empirically that consumption burdens increase 

the intensity of family labor, or the family’s disposition to self-exploitation (Chayanov 

1925: 78).  In a two-good world of leisure and subsistence (i.e., food), the necessary 

representation in a household’s welfare function is accomplished with an increasing 

marginal utility of food (and decreasing marginal utility of leisure, the “subjective wage 

rate”), which thereby changes the slopes of a household’s indifference curves in favor of 

more production (Nakajima 1969; Ellis 1993).  This is to say, from the perspective of the 

theory of the consumer, the dependency effect is captured by a modification in the 

family’s welfare function in response to changing life-cycle circumstances.  

The main focus of Chayanov was the impact of household structure on the 

internal functioning of the family farm, and his analysis assumes that family workers 

account for the sum total of the farm labor-force (Chayanov 1925:53).4   This is to say 

that for the “peasant farm” category, markets are not available to provide additional labor 

                                                 
4 Chayanov’s terminology here is the “labor” farm, as opposed to the capitalist enterprise.  Chayanov 
considered himself a Marxist, and essentially adopted the Marxist definition of a “peasant,” namely a 
farmer who produces with his own means of production, and does not exploit the labor of others.  The 
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power or opportunities for increasing household income through off-farm work.  

Moreover, Chayanov assumed away markets for “crafts and trades” so that the area of 

“sown” land is completely indicative of a household’s entire economic activity 

(Chayanov 1925: 61).  Of course, the produce of the land is sold on output markets, and 

various inputs can be bought, such as seed, fodder, and worn-out equipment (Thorner 

1966 : xv) 

The theory of the peasant economy has been updated since the Russian 

revolution, and adapted to other settings (Nakajima 1969; Singh, Squire, and Strauss 

1986).  A prime contribution has been the creation of separable models, in which 

consumption and production decisions are taken to be recursive (Singh, Squire, and 

Straus 1986), given the presence of markets for labor and output, and the implication that 

utility optimization is predicated on a prior and independent maximization of profits.  

Despite these theoretical improvements, the dynamic quality of the Chayanovian model 

has inspired applications to the case of the Brazilian Amazon, the region on which this 

paper focuses.  In particular, Walker and Homma (1996), McCracken et al. (1999), and 

Perz (2001) have called attention to the process identified by Centro Agro-Ambiental do 

Tocantins (1992) as being characteristic of land cover changes associated with 

Amazonian colonists. 

The scenario described begins with the arrival of a young family on a parcel of 

forested land, beyond the frontier and the extensive margin of agriculture.  Given initial 

production constraints and low levels of capital and experience, the family first depends 

                                                                                                                                                 
implication is that the peasant economy exists outside labor markets, if not markets for goods and services 
(Marx 1951).  In such an economy, the “category of wages” is absent (Thorner, 1966: xv.) 
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on annual crops grown in a system of rotational farming.  This continues while the 

children are young and internal dependency is high. 

With time, the family structure changes as the children age and enter the 

household labor-force.  In addition, the parents acquire much needed experience, and 

thereby gain confidence in their ability to farm.  Attitudes toward risk are mitigated as the 

awareness grows that all family members can pull their weight.  Such a demographic 

setting is ripe for investments, and a switch from the old subsistence crops to something 

of greater potential consequence, like a ranch, a perennials plantation, or a combination 

of the two.  And so the agronomic system changes in a way that tracks the development 

of the household.  Should the children move off-farm as they mature, the process can 

even work in reverse, as fields are abandoned due to declines in the household labor-

force.   

 

IV. MODEL SPECIFICATION 

This paper presents a model based, in part, on the notion of the peasant economy, 

and in particular on the link between household labor and the magnitude of a family’s 

economic activity, which is taken to manifest itself in a level of deforestation comparable 

to Chayanov’s notion of “sown” land.  The model departs from the farming systems 

approach advanced by Walker et al. (2002), in that an effort is made to conform 

theoretically more directly to household production theory.  Unlike the Walker et al. 

(2002) model that posits discrete choices of farming systems, the approach taken here 

attempts to estimate an equation for the derived demand for land at farm level.  Thus, the 

work is in the tradition of Panayotou and Sungsuwan (1994) and Reis and Guzmán 
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(1994).  The difference is that the theoretical model is applied and estimated for actual 

decision units, not geographic aggregates, and developed in terms of observable 

variables.  Such an approach can overcome specification error inherent in any use of 

aggregate data (Walker et al. 2000). 

   The primary objective of a household is assumed to be the optimization of 

welfare or utility, as opposed to profit, although profit maximization is necessary to 

welfare maximization in the presence of markets (Singh, Squire, Strauss 1996).  The 

utility function is that of Walker (1999), adapted for the case of the household economy:  

  

U(l, s, h), 

 

where l is leisure, s is subsistence, and h reflects household characteristics.  This is 

distinguished from Walker (1999) by the addition of h, meant to reflect the impact of 

household structure on preferences.  The household maximizes this function subject to a 

number of constraints.  First is the constraint on household labor, or 

 

l + w = θ, 

 

where w is work expended by the household, and θ is the endowment.  Subsistence in 

turn is generated by a production function with two factors, labor (w) and land (Y), or   

 

s = f(d, k, w, Y), 
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where d is distance and k is capital endowment, both of which are taken as exogenous 

variables.  It simplifies matters to specify the production function, which we write as a 

Leontief technology (Walker 1999), 

 

f(d, k, w, Y) = g(d,k) min(aw, bY). 

 

Assuming an efficient allocation of land and labor, this may be further simplified as  

 

f(d, k, w, Y) = g(d, k) v(w) 

 

where Y = φw, and φ is a fixed coefficient.  These various constraints can be embedded 

directly in the welfare function, reducing the optimization problem to one of selecting a 

w that maximizes 

 

U[θ – w; g(d, k)v(w); h]. 

 

Thus, the first order condition for an interior solution is 

 

-Ul + Usg(d, k)v′(w) = 0, 

 

and by the implicit function theorem, we can solve for w, and 

 

w = q(θ, d, k, h) and Y = φq(θ, d, k, h).       (1) 
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for some function, q.  The later equation for Y is what we estimate in linear form, using 

household level data and remote sensing measurements of deforestation at lot level. 

The derived demand for land at lot level differs from earlier specifications by 

including variables reflecting household structure, according to the dictates of the so-

called peasant economy.  We retain, however, a distance variable, which aggregate 

models have used to reflect factor price conditions, fundamental to factor demand 

equations.  The distance variable is retained here, even though we have not provided a 

theoretical argument for how it affects the production function.   

One rationale is that subsistence beyond the production (and consumption) of 

food requires a modicum of market exchanges that are affected by distance.  This could 

be formally represented by writing f = z(k, w, Y) – h(d), where z is production and h(d) is 

a form of transportation “cost.”  Such a formulation is similar to the iceburg technology 

assumption of bid rent models, which reduces farm-gate prices and income available to 

farmers as a function of distance to markets (Fujita et al. 1999). 

Data Collection and Variable Definition   The data used in the statistical analysis 

comprise information taken from a household survey, and from the classification of 

satellite images.  The survey addressed the activities of small producers in the municipio 

Uruará (1996 population: 11,194), which is in the central part of State of Pará, Brazil.  

Pará in the east, and Amazonas in the west, are the two largest states in Brazil’s Amazon 

region.  Uruará is located on the Transamazon Highway in a settlement frontier originally 

opened in the early 1970s with road building.   
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Three teams of fieldworkers administered a twenty-page instrument during the 

month of July 1996, obtaining information on household demography (including family 

size, age composition, and migration behavior), durable goods possession, farming 

system components, and agricultural technology.  Two hundred sixty-one proprietors 

were interviewed, owning altogether 347 individual lots of 100 hectares.  The sample 

possesses a large random component, although systematic biases affected the sampling 

process.  Efforts at random sampling of small producers by distance and household count 

proved impractical.  Counting houses is difficult due to proprietor absence, and structures 

can be hidden from view.  Distance sampling is a problem in that a residence may not 

appear at the specified sampling stop.  The analysis sample was collected according to a 

principle of “first opportunity” in an effort to build geographic representation.  Daily 

updates of the survey geography ensured a widely dispersed sample across the municipio.   

Houses with absent proprietors, a lack of knowledgeable individuals, or difficulty 

of access are omitted from the sample.  In this context, an absent proprietor is not an 

absentee landlord, so there is not a systemic difference between the sample and 

households excluded due to “absence” along dimensions of wealth.   “Difficulty of 

access” properties, however, probably would reveal systematic differences with the 

collected sample, since they are mainly exceedingly poor families.  The sample can be 

considered random within a population of small producers not including individuals and 

families at the margins of existence.  Large land holdings were deliberately avoided in 

the sampling effort in order to maintain a focus on small producers.  The dominant 

population in the region consists mainly of colonists with properties consisting of the 

100-hectare lots made available by the Brazilian colonization agency, INCRA.   
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General characteristics of the sample households are consistent with the peasant 

economy of Chayanov (Ellis 1993; Walker et al. 2002).  Families consume the majority 

of their corn (60 %) and bean (70 %) production, and tend not to hire much off-farm 

labor (28 person-days per year).  The average size of families is 7.12 individuals, and 

there are 2.85 children.  The household head, 47 years old on average, has 2.02 years of 

schooling, on average. 

The dependent variable (amount of deforested land) for individual lots was 

created as follows.  First, an INCRA map showing property boundaries was digitized and 

placed in vector format as the cadastral coverage in a GIS data base.  The map contained 

property numbers associated with colonization, also given on the survey responses, which 

obviated the need to use GPS for property identification in the GIS.  Next, Thematic 

Mapper images from path 226/row 63 and path 227/row 63, covering most of the area of 

the survey activity, were obtained.  These images were geo-referenced and co-registered, 

then used to classify land cover into Forest, Regrowth, Deforested Land, Clouds, and 

Water (unsupervised algorithm).  A GIS overlay function was used to obtain land cover 

for individual lots (by overlaying the cadastral layer on the classified images).  These 

data were then output to files readable by statistical software, and the cover and survey 

data were combined for the analysis.  Cloud cover restricted our land cover data to 1997, 

although the surveys were completed in 1996.  The amount of deforested land was 

defined as the sum of lands classified as Deforested Land or Regrowth.  The integrated 

data base provided 153 observations for analysis. 

The independent varibles, obtained from the household surveys, were taken as 

those indicated by the model in equation (1), as well as a set control variables.  Thus, we 
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implemented size of family workforce variables, initial capital endowment, distance from 

the main highway, and measures of dependency, which is in accord with equation (1) for 

the demand for land.  Other variables included human capital acquisition (age of 

household head and length of residence on property), as well as features of the 

institutional environment (credit use, possession of title).   

Estimation     The statistical model to be considered is represented in conventional 

form as        

 

Yi = Χiβ + εi (2) 

 

where Yi is the dependent variable, namely deforestation occurring on lot i;  Χi is a vector 

of explanatory variables; β is a vector of associated coefficients and εi is the random 

disturbance term.  Two forms of (2) are considered to reflect different operational 

characterizations of household structure.  Thus, model 1 uses a dependency measure 

derivative of Chayanov, while model 2 subsitutes for this a set of variables describing the 

demographic organization of the household.  The approach to estimation is that of Walker 

and Solecki (1999) and Walker et al. (2000).  First, we consider ordinary leased squares.  

This is followed by an assessment of possible problems of spatial autocorrelation, in both 

its nuisance and substantive forms (Anselin and Rey 1991).  We hypothesize that spatial 

autocorrelation may be a problem given the contagious effects of agricultural adoption 

(Cassetti and Semple 1969) as well as the presence of unobserved variables, such as soil 

quality, that are likely to show patterns of positive correlation in space.    
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Following Walker and Solecki (1999) and Walker et al. (2000), we consider 

various definitions of the spatial weights matrix, defined on different distances for 

neighborhood effects (10,000 meters, 20,000 meters, and 30,000 meters).  A spatial lag 

model is indicated by an assessment of patterns in the residuals from the OLS regression, 

given in Table 1.  In particular, we can strongly reject the null hyopthesis of no 

substantive spatial autocorrelation when the neighborhood of interaction between lots is 

defined as 10000 meters.  The Moran’s I statistic indicates that the pattern of 

autocorrelation is positive.   

 The model implmented for the spatial lag esimtation is    

   

Y = ρWΥ + Xß + µ (3) 

 

where Y is an n x 1 vector of deforestation over a sample of n lots; W is an n x n spatial 

weights matrix indicating the stength of neighborhood effects between pairs of lots; X is 

an n x k  matrix with all the observations on k independent variables; ß is the associated k 

x 1 parameter vector; ρ is an autoregressive spatial coefficient; and µ is a vector of n x 1 

of errors.  This model may be solved through maximum likelihood estimation.   

 Results and Discussion    Table 2 gives results for the two models, for both OLS 

and spatial lag estimations.  Although spatial regression does provide for some 

improvement in estimation as indicated by the marginally higher values of R2 (43.02% 

and 43.47% respectively under spatial lag), the results overall are comparable.  

Consequently, the thrust of the discussion will focus more on the overall results, and 

distinctions between models 1 and 2, than on the relative power of the estimation 
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procedures.  It should not be forgotten, though, that the spatial lag estimates are non-

biased. 

  The findings can be discussed in terms of accessibility, household structure, 

capital endowments, and institutional factors.  In this regard, we first observe the robust 

performance of the distance measure across the models and estimation procedures.  A 

conservative measure of impact is observed in the spatial lag results, where it can be seen 

that an increase of one kilometer distance from the main highway results in a little over 

half a hectare less deforestation.  Thus, accessibility of the property to transportation is 

clearly of great importance in explaining the level of deforestation, as other studies have 

indicated. 

Household structure also appears to be important.  Of interest is that total size of 

the family adds to the level of deforestation, while the workforce itself appears to have no 

effect.  Household consumption evidently drives up the amount of cleared land, as would 

be predicted by a Chayanovian argument, although we might expect a similar effect on 

the supply side of the family workforce.  Clearly, consumption is more important in this 

regard than the availability of production factors.       

 The result for dependency requires explanation.  At first glance, it would seem to 

contradict Chayanov, in that increased dependency should also increase a household’s 

ability to endure the “drudgery of labor” in an effort to feed everyone.  The outcome 

should be more “sown” land, or greater deforestation in the present context.  However, 

such a hypothesis is predicated on an assumption that the agricultural systems in question 

remain identical.   Such an assumption is clearly untenable in the Brazilian Amazon, 

where colonists tend to switch from subsistence-oriented production to commercial 
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ventures as a function, in part, of reduced dependency (Walker et al. 2002).  Given the 

proliferation of cattle ranching throughout the region even among small producers 

(Walker et al. 2000), the dependency variable is probably picking up investments in 

pasture-based systems that accompany reductions in risk aversion stemming for entry of 

children into the household labor force. 

 The wealth variables are very important, and highly robust across the estimations, 

showing that categorical differences can amount to over 30 hectares.  In a related vein, 

credit, reflecting one aspect of the external institutional environment, tends to promote a 

sizeable amount of deforestation.  The distinction appears to be on the order of 10 

hectares between those who have, and have not, had credit.  Presumably, credit functions 

in much the same way as wealth, and allows factors of production complementary to 

family labor to be brought to bear on agricultural activity.  Of interest is that the variable 

for hired labor (diarios) shows no significance, although it has appeared important in 

other studies (e.g. Walker et al. 2000).  The credit effect could be masking the impact of 

hired labor, in that loans might be used to hire workers (Walker et al. 2000). 

 The title variable shows no significant effect on deforestation, although actual 

coefficient values are uniformly positive.  Of course, we have assumed that titling is 

exogenous to the farming process of deforestation, which may be a strong assumption.  

Other insignificant variables include the age of the household head and length of 

residence, as well as the various age cohorts for family member used in model 2. 

 A surprising result is the size of the intercept terms in all the estimations.  That R2 

is relatively high means we have captured a reasonable amount of variation in the data.  

Since we have included the main variables indicated by theory and previous research, and 
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controlled for possible spatial autocorrelation of unobserved variables, the intercept must 

in part be interpreted as the amount of land that is cleared for non-agronomic reasons.  As 

is often discussed in the Amazonian case, these would include land speculation and the 

desire to stake one’s claim.  Although insignificant in the lagged model, the intercept is 

still suggestive at around 20 hectares.               

 

V.  CONCLUSIONS  

The main objective of this research was to investigate the drivers of deforestation 

in colonization areas along the Transamazon Highway in the Brazilian Amazon.  A 

secondary objective was to advance a methodology integrating household surveys, 

remotely sensed data, and software capable of correcting for problems of spatial 

autocorrelation.  Considering the secondary objective first, the study successfully 

implemented regression analysis of household behavior using integrated data.  In 

addition, spatial autocorrelation was in evidence, but we were able to correct for it with 

maximum likelihood estimation.  Thus, the results are unbiased, unlike spatially explicit 

models using pixel level data.  In addition, the use of satellite as opposed to self-reported 

measures of deforestation provides an added degree of confidence in the coefficient 

magnitudes (Walker et al. 2000).     

As with other studies, the statistical findings point to the importance of market 

accessibility as a land cover change factor.  This stands to reason, given the way 

agricultural transport functions on the frontier.  In particular, vehicles are based in urban 

centers, and have fixed areas of transit.  Beyond pick-up points, farmers must carry their 
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own produce to market.  Since only a very few farmers own their own means of 

transportation, this puts a serious constraint on the development potential of distant lots.   

The results also point to strong deforestation effects associated with household 

structure, in particular for the variable indicating dependency.  Allowing for the 

interpretation that the direction of the observed effect is explained by switches to pasture, 

risk reduction appears to play a substantial role in moving from subsistence to market 

orientation (Walker et al 2002).  In addition, the internal consumption demands of the 

family also exert a notable effect, indicating that the peasant economy model is of some 

relevance to land cover change processes in settlement frontiers.  The strong results for 

these household variables confirm that models omitting farm level data will be affected 

by specification bias.   

Of particular interest to the policy debate about promoting sustainable 

development is the result for the credit variable.  In particular, providing credit is often 

touted as an important component of any agricultural development program.  

Unfortunately, the effect of credit on levels of deforestation is quite strong.  We do not 

propose the cessation of lending as an approach to environmental conservation, as social 

sustainability is essential to long-run environmental sustainability.  Nevertheless, this is 

clearly an issue that must be dealt with, as agricultural improvements and investments 

evidently lead to increased demands for land at farm level.  Colonists are not simply 

content to “fill their bellies,” but seem to behave quite rationally in advancing their own 

personal interests through agricultural expansion.  But this should come as no surprise, 

given the individuals who self-select for colonization. 
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Although prevailing migration patterns show a loss of rural population in the 

Amazon, no one has declared that the process of deforestation has stopped.  Thus, the 

colonists who continue farming are still clearing land, and are still in the process of 

aggregating properties.  The results, taken as a whole, suggest that demographic factors in 

addition to the economy affect their decisions about land use, in which case a substantial 

component of Amazonian deforestation may not be responsive to the usual policy levers, 

based as they are on the presumption that economic behavior is only driven by economic 

considerations.  With proposed extensions and improvements of the federal highway 

system throughout the Amazon basin (Laurance and Fearnside 1999; de Cassia 1997), it 

becomes all the more important to understand the processes, duration, and ultimate extent 

of land cover change associated with the colonist.  
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Table 1.  Evaluation of spatial effects. 

 Model 1  Model 2 

10,000 20,000 30,000 10,000 20,000 30,000
Moran’s I 
  

2.51 
(0.012) 

0.79 
(0.430) 

0.18 
(0.856) 

2.5 
(0.014) 

0.36 
(0.721) 

-0.35 
(0.727) 

Lagrange 
Multiplier:  
Error 
 

3.15 
(0.076) 

0.00 
(0.943) 

0.20 
(0.650) 

2.95 
(0.086) 

0.07 
(0.784) 

0.67 
(0.413) 

Lagrange 
Multiplier: 
Lag 

5.69 
(0.017) 

0.15 
(0.694) 

0.19 
(0.650) 

5.59 
(0.018) 

0.05 
(0.815) 

0.28 
(0.599) 

       

The values in the parentheses are the respective significant levels. 
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Table 2. Results of Ordinary Least Square and of Maximum Likelihood for the Spatial Lagged Model. 
 OLS_ Model 1 Model 1_Lagged OLS_Model 2 Modelo 2_Lagged 

 Coefficient T value Coefficient Z value Coefficient Valor de t Coefficient valor de z 

Deforestation_ lag 

(ρ) 

-        - 0,28*** 1,832 - - 0,28*** 1,849

Intercept         

   

        

         

         

          

       

        

     

         

         

         

40,72* 3,47 23,51 1,552 33,56* 2,93 17,04 1,153

Age -0,04 -0,24 -0,01 -0,039 -0,12 -0,58 -0,100 -0,509

Length of 

Residence  

0,37 1,01 0,33 0,957 0,39 1,06 0,34 0,986

Diárias -0,02 -0,40 -0,02 -0,415 -0,02 -0,43 -0,02 -0,434

Distance -0,92* -4,20 -0,63** -2,205 -0,88* -3,92 -0,58** -2,017

Family size 1,13** 2,21 1,04** 2,146 - - - -

Dependency -21,15** -1,92 -20,75** -1,996 - - - -

Total men  - - - - 2,44 1,47 2,56*** 1,650 

Total women - - - - 3,31 1,49 2,76 1,325 

Total kids - - - - -0,90 -1,02 -0,94 -1,132 

Elderly - - - - 2,76 0,64 3,31 0,822

Credit 10,63* 2,13 9,34** 1,977 11,63** 2,34 10,34** 2,218

Title 4,62 0,83 5,08 0,967 4,98 0,89 5,59 1,058

Wealth_1 8,29 1,33 9,03 1,534 6,87 1,09 7,45 1,266

Wealth_2 33,62* 3,36 33,95* 3,594 32,85* 3,28 33,20* 3,533
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Wealth_3         

 R

23,07* 2,80 21,45* 2,752 24,26* 2,92 22,65* 2,900

2 = 

0,4200 

AIC = 

1424,72 

R2  =0,4302

  

AIC=1422,

97 

R2 =0,4247 AIC = 

1427,49 

R2  = 0,4347 AIC = 

1425,74 

R2_adj=0,3

748 

F = 9,2831 Sq.Corr 

=0,4375 

R2_adj = 

0,3789 

F = 7,8929  Sq.Corr = 0,4421 

 LIK = -700,361 LIK = -

698,486 

LIK =-

684,902 

 LIK   = - 697,871 

  

   

Source: The author's calculations.  
*significant at level of 1%; **significant at level of 5%; ***significant at level of 10%. 
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