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Introduction - Summary 
 
 

The first proposal objective was to identify, analyse and compare the impact of key 
socio-economic and agro-ecological variables on land use and land use changes, and its 
contribution to greenhouse gas (GHG) emissions, in the Brazilian Amazon, in order to 
propose a set of detailed hypothesis for future scenarios of land use changes in this region.  

While some uncertainties remain, discussed below in this report, GHG emissions from 
land use changes in the Amazon could reach to more than three times the Brazilian emissions 
level from fossils fuels. Under the Clean Development Mechanism (CDM) of the Kyoto 
Protocol, developing countries are allowed to produce Certified Emissions Reduction (CER), 
through projects that reduce GHG emissions below “business-as usual” levels and promote at 
the same time sustainable development. Thus, capital fluxes towards the Amazon coming 
from Annex I countries1 might have a significant impact on population income and on the 
long term sustainability of their activities. At a first sight, CDM appears a promising 
mechanism that may participate to the emergence of sustainable development trajectories in 
the Amazon. 

A lot of debate during the negotiation have focused on the issue of including forest 
conservation and avoided deforestation as possible CDM2. The final decision has prohibited 
these alternatives for the first commitment period of the Protocol, but this might be revised in 
the future. Until now, the Brazilian government has adopted a position against the inclusion of 
CDM. for forest conservation, raising of lot of critics in some scientific and environmental 
communities (i.e. Fearnside 2001a; Laurance and al. 2001). According to these critics, current 
policies under the Avança Brasil program, and particularly road infrastructure improvement in 
the Amazon, would increase dramatically deforestation and thereby contribute to significant 
GHG emissions; CDM for forest conservation could counterbalance this effect and, at the 
same time, generate large income growth for the local population.  

A major issue in this debate is linked to the necessity for drawing robust scenarios 
allowing (i) to quantify GHG emissions, particularly the level of emissions reduction obtained 
through CDM implementation, (ii) to assess CDM consequences on the sustainability of 
agricultural frontiers development, with regards to social, economic and environmental 
criteria, and (iii) to draw long term projections in order to evaluate the permanence of 
emissions reduction. To build such scenarios is not an easy task, because of the multitude of 
variables that simultaneously influence land use change in the Amazon.  

Economic models of deforestation aim to analyse the complex interactions among 
considered variables, and their impact on the magnitude of deforestation. Several models were 
built and contrasted results were found. The first task was thus to review these models – 
methods, results, strengths and limitations - and to compare their results with empirical 
studies at a finer scale. Such finer scale studies focused on farmers behaviour in several 
contrasted agricultural frontiers of the Amazon (part 1). Moreover, this first objective aims to 
better explain how models are functioning, since they may sometimes appear as “black 
boxes”, particularly for non modellers, which does not facilitate their appropriation by 
policies makers and debates between scientists from different disciplines.  
 

                                                 
1 Annex I countries are those who ratified the Kyoto Protocol and commit themselves to reduce their GHG 
emissions, adding up to a total cut of at least 5% from 1990 emission levels in the commitment period 2008-
2012 
2 For simplicity, we will call these alternatives in the report “CDM. for forest conservation”. 
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The second objective was to identify and survey available databases that allow to 
analyse what kind of activity or agricultural practices could reduce GHG emissions from land 
use and land use changes in the Amazon. So far, the attention has focussed on the issue of 
forest conservation or avoided deforestation, because of the high carbon content of the forest 
biomass and other ecological benefits. However, there are other land use activities that could 
be considered in the future Brazilian strategies of GHG emissions mitigation. Moreover, 
CDM should not only allow GHG emissions mitigation but also, to some extent, be cheap and 
promote sustainable development. These other criteria require closer examination to evaluate 
the potential advantages and constraints of land use alternative (Part 2) 

 
Finally, the concluding section will propose a detailed set of hypothesis on the 

influence of key socio-economic and agro-ecological variables on land use changes in the 
Amazon. An integrated methodology will then be described to try to build robust prospective 
scenarios of land use changes and sustainable development in the Amazon, assess their 
potential impact on GHG emissions and test possible mitigation actions. 
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1. The causes of deforestation in the Brazilian Amazon : Crossing results from economic 
models and farmers behaviour analysis  
 
The analysis of models strengths, limitations and results will depart from the useful 
conceptual framework proposed by Kaimowitz and Angelsen (1998) (see Figure 1) : “The 
agents (farmers, loggers etc..°) actions are the direct sources of deforestation. They are 
influenced by a set of variables reflecting their own characteristics and their exogenous 
decision parameters, that together determine their permissible choices and constitute the 
immediate causes of deforestation. At an upper level, broader economic, political, cultural 
demographic and technological factors determine the agents characteristics and decision 
parameters, that can be thought as the underlying causes of deforestation.” (Kaimowitz and 
Angelsen 1998).  
 
 
 
Figure 1 :  Framework of different types of variables affecting deforestation  
  Source : Kaimowitz and Angelsen 1998 

 
 
1.1. Types of models found, strengths and limitations  
 
19 references of applied economic models of deforestation in the Brazilian Amazon have been 
found in the literature (see Table 1).  
 
1.1.1 Scale of the model  
 

The scale of the model is important since it determines the choice of the main variable 
influencing deforestation that can be analysed. Household levels models are more adapted to 
analyse the immediate causes of deforestation whereas higher level models are best suited to 
analyse the underlying causes of deforestation,  their interactions and possible feedback 
effects between the different levels (Kaimowitz and Angelsen 1998). Indeed, the smaller the 
level of analysis, the higher the number of variables that have to be considered exogenous to 
agent decision making. For example, at the household level, most of the underlying causes of 
deforestation have to be considered as given to the producers. At a higher level, some 
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underlying causes of deforestation can be endogenous, however the models have to rely on 
simpler assumptions to represent agents decisions (one representative agent, one production 
function etc..). In both cases, it means that in order to build robust future scenarios of land use 
changes, models results should be analysed with several hypothesis or on underlying causes 
(for household levels models) or on agents behaviour specification (regional, national 
models).  
 
Table 1:  Applied economic models of deforestation in the Brazilian Amazon: references, 

methodology and scale 
 
References Model methodology Scale 
Laurance and al.(2001) Extrapolation of past trends Regional, entire Amazon 
Guilhoto and al. (2002) Extrapolation of past trends National, one region = Amazon 
Nepstad and al. (2001) Extrapolation of past trends Regional, entire Amazon 
Cattaneo (2001, 2002) Interregional General Equilibrium Model National, one region = Amazon 
Wiebelt (1994) Interregional General Equilibrium Model National, one region = Amazon 
Andersen and Reis (1997), 
Andersen (1997) 

Regression model Regional, entire Amazon 

Reis and Margulis (1991) Regression model Regional, entire Amazon 
Reis and Guzman (1994) Regression model Regional, entire Amazon 
Ferraz (2001) Regression model Regional, entire Amazon 
Pfaff (1997) Regression model Regional, entire Amazon 
Chomitz and Thomas (2000) Spatial statistical model Regional, entire Amazon 
Mertens and al. (2002) Spatial statistical model Regional, São Felix do Xingu 
Ozorio de Almeida and al (1995). Household regression model Regional, entire Amazon 
Jones and al. .(1995) Household regression model Regional, Ouro Preto, Rondônia 
Vosti and al. (2002) 
Carpentier and al. (2000) 

Household regression model 
Household simulation model 

Regional, Acre and Rondônia 
Regional, Acre and Rondônia 

Walker and al. (2000) Spatial Household regression model Regional, Uruara, Para 
Walker and al. (2002) Spatial Household regression model Regional, Uruara, Para 
Caldas and al. (2002) Spatial Household regression model Regional, Uruara, Para 
Southworth and al. (1991and b) 
Dale and al. (1994) 

Spatial simulation model Regional, Ouro Preto, Rondônia 

 
 
1.1.2. Models methodology : respective strengths and limitations 
 
 Univariate prospective model based on the extrapolation of past trends 
 

These models are based the observation of past trends of deforestation, usually from 
remote sensing data analysis of land cover change, the identification of one major cause, and 
the drawing of future scenarios according optimistic versus pessimistic baselines. 
 
Nepstad and al. (2001) observed that deforestation rate along major highways ranged between 
29 % and 58% of the initial forest cover. Deforestation is attributed to road building and 
prospective scenarios (projection) are based on future road paving/upgrading planned in the 
Avança Brasil Program (6245 km). For the next two decades, future deforestation is projected 
to range between 120 000 km 2 (optimistic) and 270 000 km2 (pessimistic)  
 
Laurance and al. (2001) use a more sophisticated land use classification to distinguish heavily 
degraded zones, moderately degraded zones, lightly degraded zones and pristine zone, but the 
methodology is the same. Based on the analysis of land cover change during the last decades 
along major road, optimistic and pessimistic scenarios are built, differing in terms of the areas 
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likely to be affected by infrastructure investment in the Avança Brasil Program. Deforestation 
for the entire Amazon is then computed and predicted to range between 394 000 km2 
(optimistic) and 434 000 km2 (pessimistic) for the next two decades. 
 
Guilhoto and al (2002)3 build several scenarios of economic growth in the different Brazilian 
regions, the Amazon being assimilated to the Northern region. The impact of such scenarios 
on deforestation is based on the relationship observed during the last 25 years between the 
rate of agricultural output growth and deforestation rates, estimated at the level of 0,39. The 
model results are different agricultural growth rates for the Amazon regions and deforestation 
is computed simply by multiplying these growth rates by 0,39. For the period 2002 to 2012 
(10 years), such computation leads to future rate of deforestation ranged between  59 374 
km2  (reduce economic growth) and 105 882 km2 (accelerated economic growth). 
 
The high variation (more than 50 %) between these different results should not surprised 
thanks to the oversimplified assumptions of this methodology. The main weaknesses are that 
(i) past deforestation is associated to one single variable (road or agricultural growth) (ii) the 
magnitude of the chosen variable impact on deforestation for the next decades will remain  at 
the same level that has been observed in the past (process stationarity assumption). Without 
denying the importance of road as a pushing factor of deforestation, such results must be 
taken cautiously. 
 
Multivariate statistical models  
 

Most economic models are based on econometric regression, or statistical, analysis 
(regression being one particular statistical method), applied at the regional and household 
levels. This methodology is based on the identification of the magnitude of the relationships 
between the considered dependent variable (such as area deforested) and a set of independent 
variables, likely to influence the dependent variable and considered as exogenous (such as 
prices levels for output and inputs, markets accessibility, population density…). Its main 
strength is that it allows to test and rank in order of magnitude, the influence of  a set of 
variables on land use and land use changes. At the household level, the models usually focus 
on farmers characteristics (factor endowment, distance to markets etc…), whereas at the 
regional level they focus on regional economic environment variables (population migration, 
accessibility etc…).  
 
In this second group of models, another distinction is worthwhile to mention when spatially-
explicit data are used (spatial statistical models and spatial household regression models, see 
Table 1). Non-spatial statistical models are based on data at the level of a county, a state or a 
region, and do not provide information on where clearing will occur. Spatial models are based 
on spatially-explicit data, and therefore are well suited to predict where clearing will more 
probably occur. In the particular dynamic context of agricultural frontiers4, such data may be 
considered as more reliable, particularly data on forest clearing, than those from national 
statistical surveys (usually used  in non spatial models) Finally, as Walker and al (2000) 
pointed out, at the property level, there may be significant difference between the rate of 
forest clearing found in household surveys and the rate of clearing measured by remote 
sensing data analysis.  
                                                 
3 Contrary to the two previous models, the main objective of this model is not to build scenarios of land use 
changes. 
4 Pablo Pacheco (2002) shows a high variation between deforestation rate from remote sensing data and from 
IBGE (Instituto Brasileiro de Geografia e Estatitica) 
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The main limitations of such statistical methods are: 
 
- The analysis is limited to the number of independent variables considered relevant in the 
model. In the empirical results, a coefficient (called R2 or pseudo R2), ranged between 0 and 
1, is generated that could be considered as an indicator of the quality of the model (if it 
explains most of the dependent variable or not). The model quality is highest when this 
coefficient is close to 1, however some of these models have R2 or pseudo R2 smaller than 
0.5, which without denying their interest, shows that they only explain the impact of some of 
the important variables influencing land use changes. 

 
- No feedback must exist between the various independent variables 
 
- A correlation is not always synonymous of a causality (Kaimowitz and Angelsen 1998; 
Lambin 1994). For instance, observing a correlation between deforestation and regional 
income growth rate can not always lead to the conclusion that higher growth rate lead to more 
deforestation, since the opposite relationship may hold as well. 
 
- Some of these models are used to predict future deforestation, based on the observed 
relationships and on specific hypothesis of independent variables future trends (Andersen 
1997, Chomitz and Thomas 2000). Whereas this method is more sophisticated than purely 
extrapolation of past trends, the same weakness apply : a correlation is computed for a 
specific period, with specific features regarding all the others variables. There is no reason to 
believe that the magnitude of the link will remain  at the same level in the future. It does not 
mean that drawing future scenarios with this methodology is useless but that they may rather 
be used in a prospective context, by testing a set of possible future scenarios and compare the 
sensitivity of the result to crucial links, rather than tempting to build only one prevision. None 
of these models tried to do this. 
 
Simulation models  
 
Contrary to statistical models, simulation models are based on hypothesis on farmers 
behaviour and constraints, consumer demand, etc.. and the impact of  key variables of their 
environment on their decision parameters. Scenarios are simulated based on specific 
assumptions with respect to the evolution of the main exogenous variables. The model results 
depend on the assumption made regarding producers, consumers behaviour and other 
important links and feedbacks represented. Ideally, the set of hypothesis should be carefully 
based on crucial links observed from household surveys or from statistical correlations. The 
simulation models applied in the Brazilian context, have respected, to some extent, this 
constraint. However, to completely validate a simulation model, it is necessary to draw 
retrospective simulation in order to test if the model has replicated the main trends observed 
in the past. Unfortunately, such task is not always easy, especially when the model scale is  
high (as for instance for national general equilibrium model). 
 
Three types of simulation models have been applied to the Amazonian context that are : the 
DELTA model (Dynamic Ecological  Land tenure Analysis), a spatial simulation model 
applied in one agricultural frontiers in Rondônia (Southworth and al., 1991), two applied 
interregional equilibrium models (Cattaneo 2001-2002 and Wiebelt 1994) and one bio-
economic model at the household level applied in Acre (Vosti and al. 2002; Carpentier and 
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al., 2000). Most of these model have been used to test alternatives policies aimed at reducing 
deforestation (compensation for forest conservation, technological change etc…).  
 
Spatial simulation models - The Delta Model 
 
DELTA (Southworth and al. 1991a and 1991b; Dale and al. 1994) consists of three linked 
sub-models that simulate settlements patterns, land use changes and carbon release. The level 
of new immigrants coming each year is set exogenously.  

(i) The settlement diffusion sub-model allocates and tracks tenant families among 
plots. Selection of a particular plot is randomly determined, based upon plot size, 
three indices of agricultural suitability, distance to nearest markets and the length 
of a plot occupant’s current tenure.  

(ii) Land use changes for each plot is exogenously given and not computed from 
farmers decision rules. In the Rondônia case study, the mix of land uses on a 
particular plot is taken to be a combination of annual cropping, perennial cropping, 
animal grazing, fallow and underdeveloped forest. It means that how much the 
farmer clear and the proportion of land dedicated to each land use is determined by 
the probability distribution set by model makers. These patterns of land use 
changes is changed in alternative scenarios to analyse the effect on deforestation 
and carbon release. After each year the farmers can decide to stay on the plot or 
move to another plot or become a landless worker, which is again determined by a 
probability function. Once this choice is made, the land use model run again. The 
different farming systems lead to more or less soil fertility degradation and affect 
plot future attractiveness. The main assumption is that pasture creation results in 
rapid soils degradation whereas fallow and intercropping annuals with perennials 
guarantee soils conservation.  

(iii) The carbon release sub-model computes carbon content for forest and farming or 
pasture use and calculate emissions resulting from land use changes. To compute 
the attractiveness of a particular lot, spatial data on soil quality, natural vegetation, 
distance to market, lot size, land use and length of tenure. The algorithm used in 
the settlement sub-model ensure that more attractive lots have higher probability to 
be chosen. 

This model was developed at the beginning of the 1990s, and it was considered by the authors 
as a first simplistic step, still to be improved, particularly in order to incorporate endogenous 
farmers behaviour based on profit maximization under constraints or other type of utility 
function. This model, as pointed out by the authors, should not be considered as a predictive 
model but a as a prospective model, allowing to quantify and locate the ecological impact 
(forest fragmentation, forest and carbone loss etc…) of various policies affecting plot 
attractiveness in the Amazon, under the assumption of specific land use choices and decisions 
rules on plot choices. 
 
 
Interregional Applied General Equilibrium (IAGE) Model  
 
Two IAGE models analysing the specific issue of deforestation have been found in the 
literature, replacing the Amazon in the national context (Cattaneo 2001 and 2002, 2002 ; 
Wiebelt 1994). These models can be classified as simulation models, since there are 
representing the complex relationships between the different sectors and regions, assuming 
specific functions of supply and demand, interregional factor mobility etc… and looking at 
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the impact of changing parameters on the rate of deforestation and other economic variables 
entered in the models (income, consumption, regional output…).  
 
The main strength of such models is that they can take into account for feedback mechanisms 
between variables and for the competition between sectors for production factors, in the sense 
that they are truly non-linear. For instance, taking back the road issue, a regional simulation 
model based will naturally show that decreasing transport cost will increase deforestation 
because agriculture become more profitable. However such direct effect may be dampened by 
imperfect production factor mobility between the regions and between sectors, low increasing 
demand in others regions, increasing agricultural profitability outside the Amazon etc… This 
type of model are better suited to look at the impact of macro-economic variables and national 
policies on land use change, taking into account for the complex relationships between the 
different Brazilian regions. Such relationships are assumed, not proven.  
 
The main limitation is that they have to rely on simple assumptions, particularly about 
production and demand functions whose parameters may have a strong impact on the final 
results. Usually, the model makers must always test the robustness of the results when some 
key assumptions or parameters are modified (sensitivity analysis), which is generally done. 
To completely validate such model for future scenarios, fully robust retrospective scenarios 
should be run and compared with the observed past main trends: however, at the national 
scale, it is almost impossible. 
 
Household bio-economic model  
 
The linear bio-economic model developed at IFPRI (International Food Policy Research 
Institute) in collaboration with ICRAF (International Centre for Research in Agroforestry) is a 
linear programming model, that characterizes the resource use decisions of an archetypal 
farmer with specific objective and several constraints (labour, land, liquidity 
availability…)(Vosti and al 2002, Carpentier and al. 2000). The “bio” prefix refers to the fact 
that the impact of producer practices on land fertility is considered and vice –versa (the 
impact of evolving soil fertility on yield).  
 
The main strength of the model is that it tries to carefully represent the several farmers 
constraints and the complex array of land use choice, as well as the impact of their decisions 
on the environment. Moreover the model is calibrated on extensive data collected at the 
household level in two colonization programs in Acre and Rondônia (156 smallholders 
household in 1994 and 228 households in 1995/1996). The authors tried to carefully test the 
sensitivity of their model to crucial parameters making clear some limitations in the results 
and, to some extent, tried to validate the model, comparing the model result with average 
farms encountered in the region5. 
  
A crucial assumption is that it is a perfect foresight model : the farmer optimise his objective 
function for the next 25 years, under his several constraints, and is supposed to know 
perfectly, amongst other parameters (i) the effect of soils nutrient availability of different 
cropping systems and the implications for crop yields of change in nutrient availability (ii) 
current and future input and output prices. Risk, imperfect forecast and imperfect knowledge 
                                                 
5 The validation test shows that the amount of forest retained on the property is comparable on sample farms but 
that the progression of deforestation is more rapid. It did not have the publication allowing to verify that 
validation had been made for others variables (income, labour allocation…) 
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are completely absent whereas it appears at several levels in the agricultural business. Risk is 
one of the main determinant of the choice of cattle ranching in the Amazon (Veiga and al. 
2002, Annex 2). A second crucial model assumption is that a farmer can not increase his 
property from land buying or renting or other kind of arrangement etc…. If such assumption 
is acceptable in some agricultural frontiers with small rate of land turnover, it could not be 
extrapolated, because land markets are particularly dynamic in most regions. The linear 
structure of the model is another limitation, as well as the hypothesis that farmers activities 
will not affect local or regional markets. Possible feedbacks effects between agriculture 
supply and demand are ignored. All these limitations were honestly underlined by the authors 
themselves and, as stated in their report, “the model’s primary purpose, is to illuminate 
implications of current behaviour patterns, more than make realistic predictions of the future”. 
That is to say that some improvements, as those suggested above, are necessary if the model 
was to be used for the building robust scenarios of land use change. 
 
To some extent, another surprise comes from the whole methodology of this research 
program, that interestingly is based on the combination of the results from household 
regression model with household simulation model. The household regression model results 
underline that farmers specific features influence the rate of land use change as well as land 
use patterns. It should thus lead, rather than trying to represent the behaviour of an average 
farmer, to represent farmers diversity with regards to relevant variables that are affecting their 
land use choice. As shown for instance by Ferreira (2001) and Ludovino (2002), the land use 
trajectories and wealth accumulation processes are very differentiated amongst the various 
types of smallholders.  
 
 
 
Combining statistical models with simulation models appears as a promising methodology to 
build robust scenarios of land use change in the Amazon. Indeed, any model can not pretend 
to represent all the features of the real world. Statistical models allow to pick up the main 
significant variables that influence land use changes, which ones should definitively be 
considered which other may be ignored. However, statistical methods do not allow to account 
for possible feedbacks between the various variables, whereas simulation models do. 
Moreover, simulation models need bases to check their validity, that can be generated by 
statistical models. 
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1.2. The causes of land uses changes in the Brazilian Amazon 
 
In this second part, the various models results will be analysed, using the logical framework 
of Kaimowitz and Angelsen (1998) (see section 1.1). When relevant, their results will be 
compared to qualitative knowledge and quantitative data accumulated from farmers surveys in 
the various Amazon agricultural frontiers6. This work will allow to define a set of detailed 
hypothesis one the determinants of land use and land use changes in the Amazon (section 3) 
and underline where information are still lacking. 
 
1.2.1 Type of land use change explained in the models 
 
Deforestation (total deforested areas for specific period or annual deforestation rate) is the 
variable most often explained, which refers to the transition from forest land to agriculture or 
pasture land, without distinction between both of them. However, more detailed land use 
classification exists in several models: (i) Walker et al. (2002), Cattaneo (2001, 2002) and 
Wiebelt (1994) are considering land use for cattle ranching, annuals crops and perennials 
crops (ii) Ferraz (2001) and Jones and al (1995) distinguish cattle ranching from agriculture, 
(ii) Southworth and al. (1991a - b) and Vosti and al. (2002) consider forest, annuals crops, 
perennials crops, fallows and pasture. 
 
1.2.2. Sources of deforestation : The expansion of cattle ranching 
 
With around 80 % of deforested areas that are converted into pasture, the expansion of cattle 
ranching is the main driver of land use change in the Brazilian Amazon. It is confirmed by 
strong correlations found at the regional level (Andersen and Reis 1997) and at the household 
level (Walker and al 2000) between the rate of deforestation and cattle herd.  
 
Logging has usually not been considered as an important source of deforestation however its 
indirect effect should not be neglected through: (i) the openness of news areas in some 
regions, as observed for instance in São Felix do Xingu (Mertens and al. 2002, see Annex 2), 
(ii) the release of unemployed people, once timber resources from natural forests have been 
exhausted, increasing the probability of forest invasion, as observed in the Southern Para 
recently in new INCRA (Instituto Nacional de Colonização e Reforma Agraria) settlements7.  
 
1.2.3. Agents of deforestation  
 
Both large scale farmers and smallholders are responsible for land use change and cattle 
ranching expansion, but their relative impact varies among sub-regions of the Amazon Basin 
(Walker and al. 2000). These actors are very contrasted in terms of production factors 
endowments, access to credit, response to prices and strategies. Therefore, future land use 
changes and the specific impact of the considered variables will probably depend on their 
share in the population of each specific sub-regions. It is clear that overall large scale cattle 
ranching is responsible for a major part of deforestation. However, available data does not 
allow to draw definitive conclusions about the real contribution of each specific agent on 
deforestation (Pacheco P., 2002).  

                                                 
6 It would be pretentious to say that we have exhaustively surveyed these empirical information since there is a 
huge amount of work in this field. We just can say that we have reviewed the results of some important research 
program that could of course be completed when the results appear not relevant in some specific regions. 
7 Moreover, logging is also responsible of GHG emissions and reduce impact logging has been identified as a 
promising activity to reduce GHG emissions from traditional and predatory logging 
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As stated before, an increasing number of models is underlining that agents' characteristics 
may be important to explain their land use choice and their rate of deforestation. One must 
notice however that such research has focussed on smallholders and has not been done at the 
level of large landholders. 
 
Few data on large landholders in the Amazon 
 
To date, sparse data on the large cattle ranchers have been found. For instance, in the middle 
of he 1990s, IMAZON (Instituto do Homen e Meio Ambiente), in collaboration with the 
Wood Hole Research Centers (USA), published an analysis of economic performance and 
ecological perspectives of medium and large cattle ranchers based on a survey of 27 cattle 
ranchers (64 properties) in Paragominas, Eastern Para. Their main conclusions were that (i) 
ranching on restored pasture was profitable and (ii) “there was some evidence that ranching 
was slowly evolving into a more intensive, economically sustainable land use in old frontier 
areas” (Mattos and Uhl 1994). Since the beginning of the 1990s, the diffusion of new pasture 
varieties has promoted the restoration of large areas of pastures and former results based on 
pastures progressive (and inevitable) degradation are not anymore always relevant. At the 
beginning of the 1990s, IMAZON made new surveys based on 33 large cattle ranchers in the 
region of Santarem, 20 in the Marajo Island and 66 in the Southern Para, showing that all type 
of cattle ranching was lucrative in several circumstances and that there were a significant 
variation in the internal rates of return of this activity (between 3 to 17 % )8. Really, the 
database is still very small (less than 200 farmers)  to derive robust conclusions on this sector 
and more research is needed.   
 
Recently, some data have been collected by the CEPEA (Centro de Estudos Avançados em 
Economia Aplicada ESALQ-USP) in collaboration the World Bank9  and we have ourselves 
started to collect data at the level of large cattle ranchers in our pilot regions (Uruara - 
Southern of Para). However, data collection has been seriously hampered by the fact that 
some regional actors of the livestock sector are really irritated by the several critics often 
raised against them. These actors are often considered as being responsible of serious 
ecological damages, land speculation and small impact on local economic development, 
whereas, as shown above, such robust conclusions are not based on extensive data. Some 
large landholders are driven by land speculation, some others are intensifying. Some are not 
conserving their forest reserves some others do. The scientific community and environmental 
movements working in the Amazon must be aware that considering uniformly all the actors of 
the livestock sector responsible of all the evils of the Amazon is dangerous. Moreover, it does 
not help neither to better understand deforestation processes, nor in the elaboration of a 
common strategy for a sustainable development in this region. 
 
Smallholders as agents of deforestation  
 
Smallholders regression models have been built to analyse the impact on deforestation and 
land use choice of the following variables: origin of the migrant, time since arrival, parents’ 
occupation, number of previous move, previous farming experience, and resources 
endowment (household size, number of adults, number of children, number of seniors, initial 
                                                 
8 It is interesting to notice that depending on the publication, such low internal rates of return are presented either 
as good performance or very bad performance (see for example the conclusion of Schneider and al. 2000 when 
compare with the initial report of Arima and Uhl 1996) 
9 As present during the LBA seminar in Manaus (July 2003) by S. Margulis (World Bank) 
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landholding, farmers’age, initial capital or wealth, land title; Literacy rate). It is difficult to 
compare each model results since different variables are analysed : in effect, since a different 
set of independent variables is considered, one specific variable may be significant in one 
model but not in another (“hidden” by another variable). However, if some similarities are 
found, it may reinforce the relevance of the correlation found. 
 
Some similar results 
 
The time since arrival does not seem to affect the rate of deforestation and the total stock of 
cleared land, impeding a simple relationship often mentioned in the literature of farmers 
deforesting systematically new areas and abandoning deforested land (Jones and al 1995, 
Walker and al. 2000, Ozorio de Almeida 1996). 
 
Land tenure was found non-significant in explaining the rate of deforestation (Walker ad al. 
2000, Vosti and al. 2002, Ozorio de Almeida 1996), although it has sometimes be claimed 
that smallholders were deforesting land in order to claim secure access to it (Mahar 1989, 
Schneider 1994 cited in Vosti and al. 2002) and that improving land tenure could reduce 
substantially deforestation (Cattaeno 2002). Vosti and al. (2002) shows that there the mode of 
land acquisition (formal title from INCRA – or land squatting or buying) do no affect the area 
of forest on the property. In the region of São Felix do Xingu, if secure tenure seems to 
prevent small farmers from land concentration, it does not lead them to deforest less (Mertens 
and al. 2002). In Uruara, the possession of land title is not found significant of the level of 
deforestation (Walker and al. 1990). 
Without more information on the real proportion of purely speculative behaviour based on 
land appropriation in the Amazon, it is difficult to estimate how far land tenure policies may 
drastically change the rate of deforestation. Moreover, the land tenure issue may be more 
relevant for large landholders. In some regions, ranchers have considered risky not to convert 
forest because they could suffer expropriation or invasion (Fearnside 2001b). During our 
surveys in Southern Para, some large landholders were clearing the borders of the property to 
avoid forest invasion by landless citizens (Veiga and al. 2001).  
The land tenure may have more impact on land use choice : Vosti and al (2002) find that 
improving land tenure security seems to increase the proportion of pasture and perennials 
crops, particularly as access to credit becomes easier. Walker and al. (2002) find that the area 
of perennials and pasture increases with the possession of land title.  
 
Labour availability on the property influences land use choice. In Rondônia and Acre, more 
familiar workforce appears to be associate with more annual/perennials or pure perennials 
crops and less pasture (Vosti and al. 2002). In Uruara, larger familiar workforce favours 
perennials crops (Walker and al. 2002). In Rondônia also, from another household regression 
model (Jones and al. 1995), a larger number of adult family members increases the proportion 
of cultivated areas. This correlation appears logical since both annuals and perennials are 
more labour intensive than cattle ranching. 
  
The level of education of farmer head seems to influence the land use choice. In rondônia and 
Acre (Vosti and al. 2002), farmers operated by individuals who could read and write has 
significantly less area in annuals and more areas in pasture and perennials, as found also in 
Uruara (Walker and al. 2002). However none of the authors could precisely explain such 
correlation. 
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The origin of the migrant does not show complete similar impacts between the various 
models however, it deserves a particular mention when compared with the result of a research 
project on the determinant of cattle ranching expansion in the Amazon (I.A.I. project10). 
Ozorio de Almeida (1996) points out that the migrant origin influences the rate of 
deforestation at the beginning of farmers establishment. To some extent, this result is 
confirmed by the Vosti and al. (2002) study and our qualitative surveys. Farmers from South-
East, where cattle ranching is an important activity, have more pasture on their farm, than 
migrants coming from others regions (Vosti an al 2002). 80 % of the informants surveyed in 
the I.A.I. project identify the migrants livestock tradition as a main determinant of the 
expansion of cattle ranching (Veiga and al. 2001, see also Annex 2). However if migrant 
origin appears significant of the land use choice (choice of pasture), it does not appear 
significant of the deforestation rate on the property. Moreover, if the origin link matters for 
the area in pasture, farmers from the Amazon do not have more land in forest despite 
extractive tradition (Vosti and al 2002). With a  completely different methodology, F. Toni 
(2002) find that extractivists are currently expanding the area in pasture and mention that 
amongst the reasons, extractivism is assimilated to “backwards” activity whereas cattle 
ranching is assimilated to a higher social position (Toni, 2000). 
 
Some “contrasted” results 
 
Contrasting results are found on the impact of the farmer initial wealth and resource on the 
rate of deforestation. In Uruara, the level of initial wealth increases the rate of deforestation 
(Walker and al. 2000, Caldas and al. 2002). However, in Rondônia and Acre, farmers with 
higher initial financial reserves appear to have more forest on their lots (Vosti and al 2002). 
The fact that initial wealth may allow to deforest more, may in some regions be 
counterbalanced by the choice of less land intensive farming systems (“richer” households of 
these regions have more perennials and less pasture ) and the opportunity to invest resources 
in off-farm activities and keep forest for speculation or diversification purpose (Vosti and al. 
2002). 
 
Familiar workforce appears also to have contrasting impact on deforestation. In Uruara, larger 
familiar workforce is associated with more deforestation (Walker and al. 2000, Caldas and al. 
2002), whereas in Rondônia and Acre it has the opposite effect. Vosti and al. (2002) conclude 
that in their region the use of labour for perennials competes with the clearing of new lands. 
On the other hand households short of labour opt for more extensive livestock systems. 
 
Other specific variables 
 
In Uruara (Walker and al. 2000, Caldas and al. 2002)11, the level of dependency (number of 
children / number of workers) tend to decrease deforestation and increase the rate of annuals 
cropping. Since the dependency level is increasing and then decreasing during the household 
life cycle, land use choice may not be uniform between the different stages of the cycle12. The 
existence of external resources favour perennials and cattle ranching. Vosti and al.(2002) also 

                                                 
10 Project “Cattle ranching, land use and deforestation in Brazil, Peru, Ecuador”, financed by the National 
Science Foundation through the Inter American Institute (IAI) (coordination : C. Wood, Florida University) 
11 The number of children, old people, women, the farmers’age have also been considered in their model but 
have not been found significant of the level of annual deforestation.  
12 E. Moran, from the Indiana University, presented more evidence of this possible link at the 2nd LBA  Scientific 
Conference (Manaus, 2002). 
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considered initial land endowment that increase the area in pasture (the larger the land, the 
higher the area in pasture) in the property. 
 
In Ozorio de Almeida (1995)13 both the level of deforestation since arrival and the level of 
recent clearance have been analysed and grouped into : income (gross income, income from 
agriculture, subsistence and off-farm work, indebtness), production factor price (labour, land), 
origin variables (origin of the migrant, previous farming experience, number of previous 
move), individual characteristics (time since arrival, farmers age, number of family workers, 
practice of crop rotation, perception that soil fertility is declining, believe that living standards 
have improved, plan to invest in agriculture, intention to remain on the plot) and destination 
variables (public or private project, marketing conditions, land tenure, access to credit, and 
participation to local institution). Individual characteristics and origin variables have a 
significant impact on the rate of deforestation, but weaker than the others variables 
represented. An interesting result is that origin variables have a higher impact on deforestation 
since the arrival whereas destination variable, and particularly access to credit, have a higher 
impact on the recent rate of deforestation. Past conditions may be strong determinants of the 
deforestation rate at the beginning of colonization but less determinant after a while (Ozorio 
de Almeida 1995). 
 
 

Households characteristics is important in explaining deforestation and land use choice 
Because each region is colonized by different types of migrants, a model aimed at building 
robust prospective scenarios of land use change may have to be regionally specific instead of 
considering the entire Amazon basin. Moreover, as stated by Ozorio de Almeida (1995), the 
influence of each variable may change across period, so past correlations observed between a 
specific variable and the rate of deforestation may not be relevant for robust future trends. 
 
1.2.4 Agents’ decision parameters  
 
The impact of road and distance to markets  
 
The impact of road on deforestation has been considered in most of the models and there is a 
broad consensus that the proximity with paved highway is increasing deforestation14. It is 
confirmed from most household models that shows that distance to market decreases the rate 
of deforestation. However, it is clearly still not possible to predict, without large error 
margins, the amount of deforestation that will be associated with road building. Cattaneo 
(2002) highlights the fact that the magnitude of the road building impact depend on the level 
of production factors (labour migration- capital flows) flows following road building. 
Moreover, fewer studies distinguish several road quality, except the distinction between paved 
and unpaved road.  
 
In this context, the authors do not always agree on the impact of unpaved road : Pfaff (1997) 
does not find a positive impact of unpaved road on deforestation whereas Ferraz (2001) and 
Mertens and al. (2002) do. Mertens and al.(2002) highlight that the impact of the road 
depends on the type of road, the stage of development of the frontier area and the type of 
producers. In São Felix do Xingu, road development appears important to explain small scale 
colonisation but a less significant determinant of large scale cattle ranching expansion. 
                                                 
13 The data are based on household surveys in different agricultural frontiers. 
14 Since most of the regression models have incorporated  road length or density as lagged variables, there is no 
doubt of the issue of the causality for paved highways. 
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Nepstad and al. (2001) also underlines the different possible impact of road building 
according sub-regions specific environment. 
 
The main puzzling aspect on the issue of road building is the fact that most deforestation is 
linked to extensive cattle ranching, which is structurally less sensitive to transport bottlenecks 
than any other agricultural activity. Moreover, several teams in several regions point out  the 
lack of market access and high transport costs as some main bottlenecks for the successful 
development of agroforestry systems or perennials crops (Arima 1998 ; Piketty and al 2002). 
Most of the models have not addressed the potential impact of road building the establishment 
of local agro-processing factories. Following recent theoretical works in the field of regional 
economics (Fujita and al. 1999), one may assume that improving road infrastructure has first a 
negative impact on the location of local agro-processing factories inside the Amazon, 
followed by a positive impact. The dynamic effects depend particularly on each specific 
sector level of economies of scale, forwards and backwards linkages. Finally, few models 
have tried to analyse the issue of agricultural intensification that is also influenced by road 
infrastructure and distance to market (Von Thünen 1826).  
 
If road building acts probably as a pushing factor of land use changes, it is not sufficient to 
explain why land use change has been predominantly the conversion of forest to pasture for 
cattle ranching. Local agro-processing markets have to be considered and they are also 
influenced amongst other factors by road building. A better understanding of the determinants 
of agro-processing factories location and their possible impact on land use change in the 
Amazon agricultural frontiers is needed. 
 
The neighbouring effects : spreading effects from already deforested areas 
 
Another set of variables, featuring forest accessibility, is the proximity with previous 
deforested areas or deforestation in neighbouring regions, or road density in neighbouring 
areas (Andersen and Reis. 1997; Chomitz and Thomas 2000; Mertens et al, 2002). All these 
variables are usually found to have a strong positive impact on the level of deforestation. This 
confirms results based on remote sensing data analysis that show that land use in the Amazon 
is strongly shaped by past settlement patterns and concentrated in a few geographical areas : 
87 % of deforestation is located within 25 km of pioneer areas (Alves 2002). It suggests also 
that future rate of land use change will depends on the specific location of sub-regions inside 
the Amazon. 
 
Labour costs 
 
At the regional level, wage level does not seem to be correlated with deforestation. At the 
household levels, deforestation in Uruara is also correlated with the number of contracted 
workers (Walker and al. 2001). In Rondônia, clearance cost, generally based on the contract 
of labour, is found to be negatively correlated with deforestation (Jones and al. 1995). Labour 
cost may thus decrease the rate of deforestation but his overall effect is probably marginal 
compared with others variables at the regional level.  
 
However, labour costs may be more relevant to explain on land use choices. Another 
advantage of cattle ranching is linked to its low labour requirement, compare with 
agroforestry systems, or perennial crops or even annual crops (during the harvest season) 
(Vosti and al; 2002). Pasture creation and maintenance, as cattle fattening are low labour 
intensive activities. Milk production is more labour intensive. Thus, if labour cost has not 
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been found correlated with deforestation at the regional level, it may be probably linked to the 
fact that cattle ranching is the dominant driver of land use change. However, labour costs 
remains a serious constraint for other agricultural alternatives.  
 
Price of the output 
 
Few authors analyse deeply the direct impact of output prices on deforestation in the Brazilian 
Amazon. Most of them analyse this impact indirectly through transport costs (the distance to 
markets) that, as mentioned before, is usually found to be negatively correlated with 
deforestation. So far, the only reference looking at the direct impact of this variable is Ferraz 
(2002) : at the regional level, cattle density is decreasing with an increase of cattle price and 
the price of crops is not correlated with the density of cropped area, which reflects subsistence 
oriented farming systems, confirmed by empirical household surveys.  
 
Indirectly the impact of the output price is analysed in the two Interregional Applied General 
Equilibrium models, through the simulation of a scenario of money devaluation (Wiebelt 
1994; Cattaneo 2001 and 2002). The authors underline that the price effect depends crucially 
of the destination of the output (export/domestic) and may be dampened by demand and 
income growth in the Amazon and others Brazilian regions.  
 
An important result of our I.A.I project in the Amazon.(see footnote 10 and Annex 2) is that it 
is not only the price level that should be considered as a farmer decision variable but also its 
variability. More than 95 % of the key-informant responded that the decision to invest in 
cattle ranching is linked to the following criteria : “Cattle gives a small return but this return is 
secure”. This is also quoted by several others studies (Faminow 1998, Arima and Uhl 1996; 
Vosti and al. 2002). The level of cattle ranching return alone does not allow to understand 
such an expansion of cattle ranching in the Amazon15. Amongst the factors that make cattle be 
a safe activity, the stability of its price is worthwhile mentioning, when it is compared with 
the price of most perennials crops. Other important factors are the absence of major influence 
of climate events on cattle productivity, no perishability, pasture and herd management 
flexibility 16…(Veiga and al 2001, Annex 2). 
 
Land price  
 
At the regional level, when land price is considered in regression analysis, it is found 
negatively correlated with deforestation. It suggests that cheap forest is a driver of land use 
change in the Amazon. In several regions, the price of 1 hectare of pasture is on average 3 to 5 
times the price of 1 ha of forest (Veiga and al. 2001). However, what was true in the past may 
again revert in the future : in some regions, some large cattle ranchers with less than 50 % of 
their property in forest are looking for new forest because the risk of control is increasing. 
 
Soil quality 
 
At the regional and the household levels (Pfaff 1997; Jones and al. 1995), a positive 
correlation has been found between soils quality and deforestation : better soils may have 
more chance to be deforested. However, this result is not definitively confirmed by Vosti and 
                                                 
15 That is also why low levels of cattle ranching return does not necessarily prove that “cattle ranching is driven 
by speculative behaviour or illegal activities” (Conclusion quoted in  Schneider and al. 2000) 
16 Of course, it does not mean that risk is completely absent : for instance some sanitary problems may lead to 
serious losses but overall cattle is probably less risky than other agricultural activities  
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al. (2002): in Rondônia and Acre, soils quality does not explain the level of deforestation but 
rather the land use choice : soils with highest fertility level tends to be more devoted to 
perennials crops (Vosti and al. 2002). Since perennial crops is also more labour intensive (see 
section I.2.3.), it could explain why the level of deforestation is not affected 17. 
 
Crossing again with our fieldworks surveys, the soil issue appears indeed as an important 
constraint for land use choice. In Uruara, farmers that have more fertile soils (terra roxa) 
seems to have a higher probability to develop perennials crops, and particularly cocoa. In the 
Southern Para, around Redenção, most farmers surveyed have mentioned the lack of good 
soils in the region, that impede a successful development of perennials crops. In most 
agricultural frontiers, the cultivation of the same area for annual crops during more than three 
years is not possible. On the other hand, the soils low fertility do not pose a serious constraint 
for pasture.  
 
A final important biophysical component is added in Vosti and al. (2002) : the availability of 
water. Indeed, one biophysical constraint for cattle ranching is that cattle need water and 
farmers without good access to water have difficulties to develop livestock activities. The 
presence of waterlogged increases the areas in pasture on the property level. 
 
Protected areas  
 
Only two models consider the possible impact of the presence of protected areas on the rate of 
deforestation. In the case of São Felix do Xingu, where pressure on forest is very strong, 
forest reserves seem to be protected from deforestation but not from forest degradation trough 
logging activities (Mertens and al. 2002). This tends to be confirmed at a higher scale by as 
protected areas status does appear to significantly and substantially deter agricultural use 
(Chomitz and Thomas (2000)18. 
 
Climate  
 
Chomitz and Thomas (2000) find that the probability that land is claimed, or used for 
agriculture, or intensively stocked with cattle, decline substantially with precipitation levels, 
holding others factors constants. They conclude that the provision of road in moist areas may 
have lower initial impact on deforestation than in drier areas. It should not be concluded too 
quickly that precipitation level influences negatively the decision to convert forest. Indeed, 
from household surveys, one of the advantage of the Amazon for cattle ranching is linked to 
the good agro-ecological conditions, providing better forage production thanks to appropriate 
temperature and humidity compare with drier climate regions as caatingas and cerrados 
(Veiga and al. 2001). Moreover, historically, drier regions appears along the Deforestation 
Arc, which for many others reasons than precipitation has been more deforested than the 
Western and more humid part of the Amazon. 
 
 
 

                                                 
17 However as stated in Vosti and al. (2002) the difference could be explained also by different criteria to define 
soils quality (Jones and al 1996 and Vosti and al. 2002 worked in the same region in Rondônia but on different 
samples) 
18 However, as stated by the authors, this correlation may be linked to the fact that reserves are located in remote 
areas.  
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Topography  
 
The influence of topography on the rate of land use change has been studied in the region of 
São Felix do Xingu (Mertens and al 2002) and in the Rondônia and Acre case study (Vosti 
and al. 2002). In São Felix do Xingu, if at the beginning of the colonization, deforestation is 
located in flatter areas, the increasing pressure of population, the improving of road network 
and the increase of colonization projects make more remote and less flatter areas more 
attractive for migrants. In older colonization areas, as in Rendenção, “mountainous” area are 
currently more converted into pasture. It is confirmed by Vosti and al. (2002) : pasture 
establishment seems to be less deterred by slope than agricultural activities.  
 
1.2.5. Underlying factors of land use change 
 
Fiscal incentives and access to credit 
 

In most of the models that have incorporated fiscal incentives and access to credit, at 
the household or at the regional levels, the results often found is that they have a positive 
impact, significant, on deforestation. As stated by Andersen. (1997), another significant result 
is that fiscal incentives at the beginning of colonization had a positive impact on the regional 
economic growth, allowing him to conclude that not all credit subsidies have been used for 
non-productive matters (even if some counter examples can be encountered). On the other 
hand, the fact that deforestation and cattle ranching is still expanding in the Amazon even 
after the removal of large fiscal incentives at the beginning of the colonization shows that if 
they have pushed deforestation, removing them may not necessarily slow down deforestation. 
 
Recently, several empirical studies have looked at the impact of smallholders credit policies, 
and particularly the FNO (Fundo Constitucional do Norte) credit line, set since the beginning 
of the 1990s (Arima 1998, Sebastian 1996). FNO first objective was to sustain small scale 
agriculture and particularly sustain the expansion of agroforestry systems. What has been 
commonly observed is that this policy did not managed to reach this objective and that the 
success of FNO program has been higher once cattle has been introduced in the middle of the 
1990s. (Arima 1998, Piketty and al. 2002). Another recent study point out the problem of 
local institutional arrangements of credit policies that may explain the lack of success of this 
policies to promote agroforestry systems (Ana Luisa Tita Riva, master proposal, PROCAM). 
Thus, credit may have to be considered as a pushing factor of deforestation, however it does 
not seem have a major influence on land use choice. 
 
Population density and migration 
 
Population density is commonly found (except in Reis and Margulis 1991) not correlated with 
the rate of deforestation. One may have to distinguish the impact of first migrants and second 
migrants. First migrants are found to have stronger impact on deforestation than migrants 
arriving in already colonized regions (Andersen 1997).  
 
The rate of population migration affects the rate of deforestation as any global results on the 
specific impact of macro-economic policies depends on the rate of interregional labour and 
capital mobility, as shown in the several scenarios of Cattaneo (2002). It is thus necessary to 
better understand and analyse the determinants of such factor mobility. Between the 1980s 
and the 1990s, the relation between population migration and deforestation may have 
changed: a recent computation of net migration in the Amazon  shows that  it turned negative 
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in most states and that the Amazon population growth slowed precipitously  since the 
beginning of the 1990s, whereas it was the opposite  before  (Perz 2002). 
 
Agricultural growth and wealth accumulation 
 
At the regional level and at the household levels, deforestation appears to be positively 
correlated with regional income growth or household wealth accumulation (Andersen 1997; 
Ozorio de Almeida 1995). This suggests that deforestation is not always producing a loose-
loose scenario where poverty is not eradicated, as confirmed also by Vosti and al. (2002). 
More research is needed to analyse the distributive impact of deforestation on income. 
Another similar results has been found in Chomitz and Thomas (2000) : land use tends to 
intensify over time as areas near medium size cities and older settlements have both higher 
rates of overall agricultural uses, higher proportions of area in active pasture and higher 
stocking rates on pasture. It also suggest strong trade-offs between wealth accumulation and 
forest conservation. 
 
Technological change  
 
Technological change outside the Amazon is often mentioned as one of the main factor 
pushing agriculture and, particularly livestock, in the Amazon. Cattaneo (2002) build some 
retrospective scenarios to analyse how far technological change in the different Brazilian 
region did contribute, or not, to the increase of deforestation  between 1985 and 1995. The 
results shows that it may not be necessarily the case because innovation in livestock 
technologies has also occurred outside the Amazon and thus to a certain extent, limit the full 
delocalisation of the Brazilian cattle herd in the Amazon.  
 
1.2.6. Underlying factors of land use change in a prospective context 
 
This section is separated from the one above since the results are mostly based on simulation 
models used in a prospective context and are not based on what has happened in the past. 
 
Technological change 
 
The prospective impact of technological change depends on the production factors 
requirements for each type of technical changes and on the level of interregional flows of 
capital and labour (Cattaneo 2001) 
 
Technical change in perennials appears to be the best alternative to reduce deforestation and 
at the same time increase small farmers income, improving equity. However, food security 
would suffer and risk associated with perennials (price and yield fluctuations, lack of markets) 
may limit smallholders adoption of new technologies. That is to say that other policies may be 
required to promote the adoption of more intensive perennials farming systems. 
Technological change in cattle ranching on the other hand, show strong trade off between 
wealth accumulation (higher) and deforestation (higher). 
 
The best option to decrease deforestation could be technological change occurring at the same 
pace for all agricultural activities outside the Amazon, because no single factor or activity 
would be pushed at the frontier. For instance, technological change in annual crops, as it is 
currently occurring for soybean, without any technological change in the livestock sector, 
may be a strong pushing factor of livestock expansion and deforestation in the Amazon. 
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However, a counterbalancing effect may also appear, since this scenario decreases agricultural 
incomes drastically and lowers agricultural prices (Cattaneo 2002). The scenarios have not 
included the possibility of export market expansion through foot and mouth disease 
eradication (currently advancing rapidly) and agricultural trade liberalization (currently in the 
World Trade Organization agenda). 
 
Money devaluation 
 
Despite a possible strong impact of the Brazilian real devaluation on deforestation, it has not 
been analysed outside a prospective context (Cattaneo 2002 and Wiebelt 1994). The main 
results show that logging would drastically increase from real devaluation but that the 
consequences on deforestation depends on other macro-economic policies influencing private 
demand, government expenditures and investment (Cattaneo 2002) : if government and 
households saving rate is left unchanged, the devaluation could lead to substantial increase of 
deforestation in the long run whereas small increase of deforestation is expected with a 
reduction of equal share of private consumption, government expenditures and investment. 
Since there has been several money devaluation, the validity of such scenarios may be 
checked. 
 
Taxing Logging and deforestation 
 
The imposition of a tax on logging activities would not lead to important reduction of 
deforestation and would decrease substantially regional income (Cattaneo 2002), since the 
wood sector is an important in a lot of Amazon sub-regional growth. Crossing with our 
qualitative surveys, one can mention that the recent prohibition of mogno extraction seems in 
some regions may sometimes increase the pressure in some forests, releasing a lot of 
unemployed workers that are invading forest land to farm it. Since there are few employment 
opportunities outside those related to the timber, agriculture and livestock sectors in most 
Amazon region, any kind of environmental measure applied to the timber sector may have the 
unexpected effect to increase the pressure on forest. On the other hand taxing logging 
activities would provide important government financial resources, that could be redirect 
towards the regions and help develop non forest based activities (Cattaneo 2002). However, 
such “good” use of public resources is hardly found in a lot of country and it can be doubted 
that institutional structures necessary for a “good governance” in the Amazon, are in place to 
allow this kind of efficient transfer. Taxing deforestation appears to be more promising to 
reduce deforestation but the cost is even higher for the Amazon population (Cattaneo 2002).  
 
Compensation for forest conservation 
 
The compensation for forest conservation appears to be the best option to reduce deforestation 
and at the same time avoid negative effect on households incomes inside and outside the 
Amazon. According to Cattaneo (2002), a conservation subsidy equivalent to a 1,21 
R$/carbon ton/year (around 240 R$/ha/year of Forest) could be sufficient to lead to a 30 % 
decrease of deforestation rate. According to Vosti and al (2002), a 100 R$/hectare/year 
subsidy for smallholders reduces the deforestation rate at the property level of an average of 
36 %.  
 
However both of these scenarios are assuming that the current law on forest reserves (50%, 
and 80 % now, of the property must remained in forest) is not respected.(it will be discussed). 
Moreover, such results are based on the assumption that farmers behaviour are risk neutral 
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and mainly influence by profit maximization, such as they would accept such subsidy once it 
does counterbalance income derived from agricultural activities. Since most of the farmers of 
the Amazon have been kept outside the Kyoto Protocol debate, and no information exist on 
their position around this issue, such assumptions may have to be checked.  
 
Inputs subsidies 
 
Agriculture in the Amazon is still using small level of inputs. Vosti and al (2002) experiment 
the impact of inputs subsidies on the rate of deforestation that appears negligible.  
 
Prices subsidies  
 
Increasing the price of non timber forest products appears to possibly increase a little bit the 
area of forest on smallholders property (Vosti and al 2002). The situation in Acre is however 
very specific because of its historical context and of the presence of a significant number of 
extactivist as  well as local markets for non timber forest products. However, there are still a 
limited set of products for which market chains exist in the other agricultural frontiers of the 
Amazon, so this policy may have small global impact unless specific investment is made to 
develop such chains, find secure markets and form farmers that do not have any extractivist 
tradition.  
 
Removing the 50 % reserve law. 
 
Allowing for extracting timber from property reserves could increase farmers income and 
help reduce deforestation, if sustainable logging technology is implemented (Vosti and al. 
2002).Thus it would be necessary again to make important institutional investment in order to  
ensure that the extraction of timber is done based on sustainable management (Vosti and al. 
2002). More broadly, the IFPRI study underlines that today the cost of forest conservation is 
paid by farmers as some foregone benefits.  
 
 
 
These last results from IFPRI (Vosti 2002) confirms that agriculture is profitable in the 
Amazon even at the smallholders level. Forest compensation may thus be  more costly that 
one often imagines. Having more virgin forests and more wealth in the Amazon might be a 
hard task…. 
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2. Land use change and agriculture in the Amazon : consequences on GHG emissions 
and potential mitigation action 
 

Compared to other sectors, the sectors linked to agriculture, land use change and 
forestry, have a particular place in the current Convention on Climate Change. They can both 
produce and remove greenhouse gases from the atmosphere. Biomass and soils, whose 
organic content derived from biomass, are potential carbon sinks. Inside the Kyoto Protocol, 
main agricultural emissions to be considered are : CH4 and N2O emissions from domestic 
livestock (enteric fermentation and manure management), CH4 emissions from rice cultivation 
(flooded rice fields), CH4, CO, N2O and NOx emissions from agricultural burning (prescribed 
burning of savannas and agricultural residues burning). For the case of the land use, land use 
change and forestry (LULUCF), GHG emissions to be considered are those resulting from 
human activities which : change the way a land is used (for instance deforestation for 
agriculture including open burning of cleared land …), affect the biomass in existing biomass 
stock (managed forest, timber plantation, agroforestry…). 
 
LULUCF in the Amazon result in important GHG emissions. However, high uncertainty 
remains about the true current contribution of Brazil to GHG emissions. Emissions 
inventories coordinated by the Brazilian Ministry of Science and Technology is currently 
reducing this uncertainty. Such inventories’ report have been found for energy, forest 
plantations, soils and livestock emissions that will now be analysed. For emissions linked 
with LULUCF, the report is still not available probably because of the difficulty to address 
this specific issue. We will thus rely on the extensive work of ICRAF (Alternatives to Slash 
and Burn project), that made several measures of carbon stocks changes associated with land 
clearing and for several land use systems in Acre and Rondônia (Lewis and al. 2002) 
 
Land uses that could potentially reduce the contribution of the Amazon to the Brazilian GHG 
balance include : forest conservation,  reforestation, timber or other tree plantations on 
grasslands or active pasture, livestock intensification, pasture restoration on degraded 
grasslands19. However, for the first commitment period of the Kyoto protocol, only 
reforestation and enteric fermentation reduction from livestock may be considered in CDM 
(Santhiago and al. 2002).  
 
The first eligibility criteria for potential CDM is that “Emission reductions resulting from 
each project activity shall be certified by operational entities (…), on the basis of (...) real, 
measurable, and long-term benefits related to the mitigation of climate change”. We will 
successively review the data available to evaluate GHG net emissions from land use changes, 
livestock, timber plantations and soils in the Amazon. 
 
2.1. Greenhouse gases emissions from land use changes 
 

Since the inventory of GHG emissions from LULUCF has not been published yet, we 
can only relied on Fearnside’s study (2000), who surveyed the different existing estimates and 
                                                 
19 In industrialized countries, the high level of fertilizers use make another option available, based on a careful 
monitoring of these products. The use of fertilizers is still very low in the North regions (Lima and al. 2002b), 
that is why we do not considered this option here. However, one should keep in mind that any activity that needs 
the employment of fertilizers can potentially increase the emissions of nitrous oxide, amongst others. A 
reduction of carbon emissions can also come from the transition from unsustainable logging to sustainable 
logging practices (Fearnside 1995) but we focused on this report on the population involved in agricultural 
activities. The burning of agricultural residues is neither considered, since the national report inventory shows 
that it principally concerns sugarcane and herbaceous cotton, two crops also seldom encountered in the Amazon.   
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made his own estimation: at the year 1990, the net committed emissions from deforestation in 
the Amazon (excluding the cerrado) would range between 258 and 278 millions of tons of 
CO2-equivalent carbon; the annual balance for the same year would range from 320 to358 
millions tons of CO2-equivalent carbon, and for logging the annual balance would range 
between 61 and 62 millions tons of CO2 –equivalent carbon. The main difficulty of such 
estimation is that basic parameters as deforestation rate, biomass, soils carbon, burning 
practices etc…vary across different sources and that extrapolation is not an easy task20. The 
merit of such estimation is that it gives a first idea level of the Amazon contribution to the 
Brazilian GHG emissions balance. However, some further research appear to be needed since 
variation amongst several estimations is large (66 %), as shown by the recent Instituto do 
Milênio (n°07) approved by the Brazilian Science and Technology Minister, whose aim, 
amongst others, is to better quantify emissions from land use changes taking account of 
spatial variability. 
 

Emissions measurements under the ASB project show that topsoil carbon stock do not 
change significantly relative to above ground biomass carbon stock when humid tropical 
forest is replaced, suggesting that the main potential for carbon sequestration for land use 
systems relies in those that produce higher amount of above ground biomass. However some 
measures is needed for sub-soils and no definitive conclusions can be made today about the 
evolution of soils carbon sequestration after different land use changes  and for different land 
use practices (Cerri and al. 2002).  

 
According to the results of the same project, improved fallows or improved pasture 

systems do not increase much carbon sequestration (see table 2). However, the fact that small 
contribution of pasture intensification to C sequestration is small relatively with other land use 
changes should not lead to completely neglect the interest of intensified pasture management 
in the whole context of livestock intensification (see section II.3). Moreover, according to the 
authors, non-carbon emissions (methane and nitrous oxide) appear potentially important but 
systematic measure has not been made (Lewis and al. 2002). The above ground carbon stock 
contents of each land use types is summarized in Table 2 and the carbon fluxes from each 
type of land use changes is computed in Table 3.  
 
Table 2 : Time Average above ground Carbon content in several land use types  

(Palm and al 2000; Fearnside 1995) 
Land use type  Tons of Carbon/hectare 
Forest Pristine Forest 

Disturbed forest 
213,7* 

148 (129-149) 
Tree plantation Agroforestry with coffee 

Coffee monoculture 
61.2 ( 47,5-74,7) 

11 (8,73-12,5) 
Annual crops/fallow Short fallow 

Improved fallow 
6.86 (4,27-9,61) 
11.5 (9,5-13,4) 

Pastures and Grasslands Traditional pasture 
Improved pasture 

2.85 
3.06 

** Most of the conversion of forest towards agriculture in Brazil occurs in disturbed forest where timbers has 
already been removed and thus with lower biomass density. The ASB project did not measure carbon content for 
pristine forests. The estimation is from Fearnside (1995) and includes above ground and below ground biomass. 
 
 

                                                 
20 IPAM recently concluded a project on GHG emissions from forest fire in the Amazon. They found that the 
contribution of the Amazon deforestation, already large, to the Brazilian GHG emissions balance should be 
evaluated higher because of forest fires (Vera Diaz and al. 2002). 
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Table 3 :  Carbon sequestered (-) or lost (+) from converting from one land use  
system to another (TC/ha) 

 Forest Agroforestry coffee Crops/impr.fallows Crops/fallow Pasture 
Forest NA -87 -137 -137 -141 -145 
Agroforestry 87 NA -50 -50 -54 -58 
Coffee 137 50 NA 0 -4 -8 
Crop/improved.fallows 137 50  NA -4 -4 
Crop/fallow 141 54   NA -8 
Pasture 145 58 8 8 4 NA 
Source : Lewis and al. 2002; Palm and al. 2000 
 

The authors warns that the accuracy of such measures should be improved if such data 
were to be used for modelling or national inventories, thus if such estimation may be used as a 
first approximation, more measures are necessary to validate these estimations21.  
 
2.2. Greenhouse gas emissions from livestock  
 

Cattle emits methane through a digestive process called enteric fermentation and 
others emissions are resulting from manure. Most of the gas emitted is methane and nitrous 
oxide with higher global warming potential than CO222 . As conversion of forest to pasture 
cattle ranching is the main source of deforestation, it is worthwhile to analyse the contribution 
of livestock to GHG emissions and identify reduction opportunities.  

Emissions from livestock depends on the structure of the livestock herd, the manure 
management and several indicators of livestock productivity. The authors of the recent 
inventory of livestock emissions for Brazil point out the difficulty to make a precise 
assessment of livestock emissions, following the IPCC (International Panel on Climate 
Change) guidelines, because of the lack of data in most Brazilian regions. These data are 
particularly subject to imprecision in the Amazon context because of the difficulty of data 
collection (remoteness). Most of the report relies on IBGE data for livestock population. 
However for instance, we have compared the IBGE livestock census for 1995-1996 and data 
coming from SAGRI (Secretaria da Agricultura) for the Para State : the livestock population 
amounts to 6 millions heads for IBGE and 8 millions heads for SAGRI (more than 30 % 
difference); at a lower level, we collected some data coming from the current foot-and-mouth 
eradication program that are quite illustrative : for the year 2000, the livestock population of 
the São Felix do Xingu and Tucumã counties amounts 0,5 millions heads according to IBGE 
and 1,2 millions heads according to the second source (more than 50 % difference)… From 
the above example, it should be clear that such estimations based on IBGE data should be 
taken cautiously and verified crossing results from others sources. For the Amazon, the 
current foot-and-mouth disease eradication program is inventorying all the cattle herd. Such 
databases could be useful to complete national emissions inventories. Moreover, in the local 
databases at the sub-regional levels, some information relevant for the calculation of 
emissions rate (herd population structure for example) are available, that could help in further 
improve the national database. Finally, some key parameters of cattle productivity, feed 
intake, manure management etc…could  also be improved by the data in EMBRAPA 
(Empresa Brasileira de Pesquisa Agropecuaria) Centre specialized in livestock research. For 
instance in the Eastern Amazon, several data have been collected at the property levels in 
several research projects involving Embrapa – Amazônia Oriental. 

 
                                                 
21 Again, it will be some main further results of the LBA and Instituto do Milênio 07  
22 The Global Warming potential for methane and Nitrous oxide are respectively 23 and 296 higher than CO2 
over a 100 years ; however this estimation is also regularly updated. 
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Despite these limits, this estimation gives an order of magnitude to be compared with others 
sources of GHG. The total emissions for the Brazilian meat and milk cattle herd is estimated 
around 57 millions tons of carbon23 (Table 4), with represents between  20-30 % of the 
current emissions from land use change, and is almost equivalent to the current Brazilian 
emissions from fossil fuels (55,2 to 64,4  millions tons of carbon (Rosa and al. 2002)). 
 
Table 4: Methane emissions from cattle ranching in Brazil 1993-1995 
 
 CH4 emissions (Gg) Equivalent millions Tons of Carbon  
Enteric Fermentation   
Meat cattle ranching 7698,22 +/- 146,03 48,21 +/-0,91 
Milk Cattle ranching 1267,97 +/- 17,52 7,95 +/- 0,11 
Livestock manure   
Meat cattle ranching 197,66 +/- 4,3 1,24 +/- 0,02 
Milk Cattle ranching 58,52 +/-6,06 0,37 +/-0,04 
Source : Lima and al.2002a 
 

The major part of the cattle herd is still in the traditional cattle production basin in the 
Southern part of Brazil and the Centre-West, however, a gross estimation based on IBGE 
data, that as said should be taken cautiously, shows that the Amazon cattle herd at the 
beginning of the 1990s amounts already to 30 % of the national herd. Moreover, as shown by 
Poccard-Chapuis (2003), between 1990 and 2000, the Amazon  cattle herd growth amounts to 
72 % of the national national cattle herd growth, and some traditional basins as Minas Gerais, 
Rio Grande do Sul, São Paulo have registered a decrease of their cattle herd. Such an increase 
is equal to 16 millions of new cattle heads in ten years in the Amazon. 
 

The most promising approach for reducing livestock methane emissions is by 
improving the productivity and efficiency of livestock production. Increasing livestock 
productivity and efficiency allows to decrease the rate of GHG emission per unit of output 
produced24. Moreover, increasing animal productivity may also allow to reduce the number of 
animals needed to satisfy demand. This general approach has been demonstrated by the U.S. 
dairy industry over the past several decades as milk production increased and methane 
emissions decreased (http//www.epa.gov.br). Better grazing management, better health 
prevention, dietary supplementation, genetic and reproductive efficiency improvement the 
ways to improve efficiency and reduce emissions from this sector. All these improvement are 
in line with the need to intensify livestock production in the Amazon which is currently at 
least for a large amount of smallholders, based on very extensive and low productivity 
systems (Ludovino and al. 1998 ; Ludovino 2002 ; Ferreira 2001) 
 

Improved livestock management can also reduce atmospheric concentrations of carbon 
dioxide through the mechanism of soil carbon sequestration on grazing lands. As plants grow, 
they remove carbon dioxide from the atmosphere. Even though a large portion of the plant 
material is harvested by grazing cattle, through good management residues accumulate and 
increase the amount of organic matter in the soil. Some of this organic matter will remain in 
the soil or plant root system for long periods of time instead of being released back into the 
                                                 
23 Nitrous oxide emissions from manure could also be added based on the first estimation made by Lima and al 
(2002b) 
24 For instance the emission of CH4 from a milk cow producing 400kg of milk annually is a little less than 50kg 
of CH4 whereas for a cow producing 800 kg of milk annually the emissions rate would be 57. This is linked to 
the fact that feed goes to maintenance and product. A significant fraction of methane emitted by cattle (40 to 60 
%) comes from the proportion of feed used for maintenance requirements The remaining feed is used for 
product. As productivity increase, maintenance requirement do not increase proportionally. 
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atmosphere as carbon dioxide. Moreover some research program led by Embrapa Amazônia 
Oriental is currently aimed at defining silvo-pasture systems, where trees for forage or timber  
production along with new pasture would be established during the restoration of degraded 
pastures (project led by J. B. da Veiga from Embrapa Amazônia Oriental). These systems may 
allow also to increase biomass and probably carbon soils contents. Indirect carbon benefit 
from avoided deforestation may also be added. In the Amazon, more work is needed to better 
estimate the amount of GHG emitted by livestock farming systems at the different levels and 
identify the practices, adapted to this context, that could lead to mitigate GHG emissions. 

 
To conclude, livestock expansion in the Amazon contributes significantly to methane 

production, but this contribution remains still largely smaller than the contribution from land 
use changes. The potential level of GHG emissions mitigation for livestock farming systems 
already established on deforested areas is also smaller than other land use as timber 
plantations (see section B.3.), except if some trees are integrated in pasture. However, there 
are several rooms to reduce livestock contributions to GHG emissions that should be analysed 
more deeply. 
 
2.3 The case of timber plantations  
 

Timber plantations are finally the unique activity related to land use change  that could 
be eligible as a CDM in the current Kyoto Protocol context. Distinction is made between 
afforestation – timber plantation on land that was never covered by forest – and reforestation 
– timber plantation on previously deforested areas. In the second case, even if decision is not 
completely definitive, another restriction is linked to the time since when the area has been 
deforested that should be more than 10 years (area deforested at least still 1989). This 
restriction is aimed at decreasing the risk to deforest virgin forest to establish timber 
plantations, that would necessarily lead to carbon loss instead of carbon sequestration 
(Fearnside 1995)25.  
 

Carbon sequestration in timber plantations depends amongst others on the destination 
of final product and the type of species grown. For instance, if timber produced is aimed at 
producing charcoal, and that charcoal can effectively be fossil fuel substitute in the Brazilian 
context (hypothesis considered as optimistic for Fearnside 1995) both direct sequestration in 
biomass and fossils fuels substitution effect should be considered in the carbon balance. 
Conversely, if timber plantation is aimed at producing pulpwood, the final product is rapidly 
destroying carbon content. Average carbon stocks in several types of timber plantation have 
been estimated by Fearnside (1995)( See Table 5) 

 
Table 5 : Carbon content in several type of timber plantation (Tons Carbons /ha) 
Plantations for .. Pulpwood Charcoal Sawlogs 
Live biomass  23.7 23.5 31.1 
Dead Biomass  13.2 13.2 19.0 
Soil carbon top 6.7 6.7 6.7 
Wood products 1.9 1.9 7.9 
Fossil Fuel Substitution  0.0 156.2 0.0 
Total carbon stock 45.5 201.5 64.6 
Source : Fearnside 1995 

                                                 
25 Finally, as stated also in the final decision, CDM based on timber plantations for one Annex I country should 
not exceed 5 % of its reference GHG emissions. 
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2.4 Soils carbon and  mitigation from land use practice 
 
According to the first estimation for the National Inventory of Soils GHG emissions (Cerri 
and al 2002), most of the Brazilian soils are emitting CO2, resulting from land use change (95 
% of the total emitted) and limestone applications (5 % of the total emitted). The level of 
these emissions in 1990 is estimated at 26,8 millions tons of carbon (or 98,4 millions tons of 
CO2). The average level of annual carbon emission for soils in the Amazon would amount 5,8 
g/m2/year in 1990 and 5 g/m2/year in 1994. The carbon content of most of the association 
soil-vegetation is estimated to range between 30 and 60 Tons of Carbons (TC) per hectare. 
 
According to various references mentioned in Cerri and al. (2002), carbon soils could be 
completely restored after deforestation when pasture is managed correctly. However, if 
pasture is degraded because of overgrazing, the soil content may be completely depleted with 
serious carbon stock losses. As mentioned above, Palm and al. 2000 (ASB project) find that 
the potential of carbon sequestration is not in the soil but in the above ground biomass since 
the establishment of tree-based systems in their region would only increase the time averaged 
carbon stock in 20 to 25 years of only 5 to 15 tonnes /ha (whereas the increase should be of 50 
t/ha for the above ground biomass). However, they recognize that subsoils carbon content was 
not considered and that further measures are needed. Moreover, carbon sequestration could be 
an important issue for all the areas already deforested and abandoned26, where timber 
plantation or agroforestry systems are less suitable. As Cerri and al (2002) notice, some 
important missing data to make the inventory of emissions from land use changes is the lack 
of data for GHG emissions and statistical references for different pasture quality (degraded 
pasture, intensive pasture). This is one of the objective of one CENA – USP (Centro de 
Energia Nuclear na Agricultura) proposal in the context of the future FAPESP program on 
Global Change (http//:www.usp.br/prp/ambientais): to quantify soil carbon alteration from 
degraded pasture and non degraded pasture in the Amazon, amongst others land use practice, 
and analyse how particular local biophysical conditions are affecting the soil carbon 
emissions.  
 
The main land use practice that can decrease carbon emissions, outside those mentioned 
above and related to the level of biomass, is the use of no-tillage to prepare the soils, because 
tillage increases the level of carbon emissions. Tillage do not appear as a common practice in 
the Amazon except in the case of pasture restoration in the large properties and, more and 
more close to the Amazon, but still mainly in the cerrados ecosystems, in large soybean 
plantations. Some first data in the cerrado regions show that without tillage, soils carbon 
emissions could be reduced of 1 to 2 tons of carbon per hectare (Eric Scopel, CIRAD, 
personal communication). However, some other treatment (mulch) may be necessary to 
satisfy crops nutrients needs that could have some impacts on other greenhouse gases such as 
nitrous oxide27. In the Amazon context, some first results were presented by CENA, based on 
the measurement of GHG dynamic after several treatment of a degraded pasture to be 
reformed in Rondônia (www.cptec.lba .gov.fr). It was too soon to draw any definitive 
conclusions and we will soon contact this team to have a broader picture of the new results on 
this area. 

                                                 
26.If pasture degradation may be important in some regions, further scrutiny is needed to really assess if it is 
synonymous of soils degradation and not linked only to forage cover degradation due to under-grazing 
management or bad pasture implantation. 
27 Currently a research project involving Embrapa Cerrados and Arroz-Feijão, IRD (Institut de Recherche pour le 
Développement), CENA-USP and CIRAD is aimed at measuring GHG sequestration from no-tillage practices. 
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2.5. CDM in the Brazilian Amazon : others relevant criteria to consider 
 
The previous section on GHG emissions from the various land use and agricultural practices 
has underlined the fact that (i) some real improvement have been made, but there are still 
some data limitations to accurately appreciate the level of land related GHG emissions (ii) 
there is no activity other than forest conservation that can really compete in term of GHG 
emissions mitigation, except timber plantations for charcoal, but a large part of the carbon 
benefit is based on the assumption that all charcoal would be a fossil fuel substitute, which 
has to be verified (iii) several activities as livestock intensification and soils management 
practices may procure smaller benefits in term of GHG emissions mitigation but they should 
not be completely neglected for other possible benefits that will now be considered. 
 
Indeed, as stated also in the Kyoto Protocol, “the purpose of the clean development 
mechanism  shall be to assist Parties not included in Annex 1 in achieving sustainable 
development (…)” This additional condition means that a potential project that reduce 
significantly GHG but does not have any measurable impact on sustainable development, or 
may worsen some indicators of sustainability could be refused (Santhiago and al 2002). Such 
criteria have not yet been elaborated and each host country has the responsibility to define 
them (Pembina 2002). In the Brazilian context, a first proposition has been made by the 
COPPE/UFRJ28 (Santhiago and al. 2002) that should be considered as some preliminary 
assumptions and will probably be discussed under the Brazilian Forum on Climatic Change. 
Criteria of sustainable development encompass economic, ecological and social dimensions. 
On the economic ground, first simple indicators often proposed are the level of incremental 
income from the project as well as the level of employment created amongst others. On the 
social ground, amongst others, equity issue have to be considered as well as the incidence of 
the project on poorer population. On the ecological ground, criteria such as pollution, water 
resources availability, soils erosion and biodiversity conservation are commonly found. Any 
baseline scenario for a CDM proposal should as well gives some results allowing to assess the 
impact of the proposal on such indicators. 
 
Finally a last “ hidden condition” for CDM that must not be forgotten is that, to some extent, 
the project should be as cheap as possible for Annex I countries since the principal objective 
is to decrease the cost of the Commitment under the Kyoto Protocol. There is high uncertainty 
about the future possible carbon price : Some authors mention that it could range between 
3US $ - 20 US$/ton (Verra Diaz and al. 2002). Recently, an information was found stating 
that the Netherlands authorities were asking to consider only a carbon price of 3 US$/TC in 
the elaboration of CDM proposals... Such financial issue is just to remind that under the 
CDM, costly alternatives may not interest Annex I countries…Other mechanisms as the 
Global Environmental Facility may constitute other financial assistance. 
 
To date, the only assessment found of such sustainable criteria for LULUCF Clean 
Development Mechanism has been made by Seroa da Motta and al. (2000) considering timber 
plantations and reduce impact logging. However, the matrix used to estimate the impact of 
each alternative on the criteria chosen to define sustainable development, does not seem to be 
based on strong empirical arguments yet. Moreover, it is not very clear in the final report how 

                                                 
28 Instituto Alberto Luiz Coimbra de Pos Graduação e Pesquisa de Engenheria –Universidade Federal de Rio de 
Janeiro 
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the level of satisfaction of each criteria was chosen29. It is not possible to fully precisely 
assess the other potential benefits of the various options of GHG emissions mitigation 
mentioned in the previous debate but we will point out some important first issues that require 
closer examination. 
 
Forest conservation for whom and where ? 
 

The forest conservation option is probably the best option with regards to potential 
additional ecological benefits because it is well known that pristine forests provide several 
ecological services (biodiversity preservation, watershed, local climate, etc…) compare to 
others land use. However, such benefits are clearly enhanced when large patches of forest are 
conserved rather than small disseminated patches in several properties, differentiating forest 
conservation in large landholding and in small holding, an issue often neglected. Economic 
additional benefits may be scarce, because there would not be other linkages unless one 
imagine that ecotourism or sustainable non timber forest product exploration could be 
developed but it is not proven today that there are large markets for such activities, and in 
many regions where people have a farmer tradition, it would require some additional 
investment in formation. Without any other incentives to employ labour in forest based 
activities, the risk is non negligible, and difficult to control, that people act as “free riders” 
and deforest others areas. One could add another possible leakage since farmers consumption 
needs should thus be fulfilled by the markets, itself potentially increasing deforestation of 
others areas. At the national level, Cattaneo (2002) illustrates that such demand could have in 
fact potential positive feedbacks on agricultural development outside the Amazon, without 
putting more pressure on forests, but as pointed also by the author, it threatens farmers food 
security30. Of course, one possible solution could be to promote at the same time agricultural 
intensification on the area of the property already deforested : this solution confirms that the 
issue of CDM based on forest conservation can not be analysed without the issue of 
agricultural development and of the local potentialities of land use intensification, an issue 
raised also by Chomitz (2000).  

Another issue around forest conservation is linked to the current forest legislation. So 
far, forest conservation should be additional to the current law (80 % and before 50 % of the 
property should be kept in forests). Fearnside (2001a) argues that there is no mention in the 
current Protocol that CDM should only applied to legal deforestation. However, it is a 
political issue that needs to be deepened because if it is clear that there are many places where 
the legislation is not enforced, no databases seem to exist yet to assess who is respecting the 
current legislation and who is not. An investment in the building of properties register could 
maybe be a prerequisite to envisage C.D.M for forest conservation, simply just to know which 
property have some forest to conserve…. 

Moreover, lets assume that only avoided legal deforestation can be credited, CDM.for 
forest conservation is limited to recent colonist that have not yet deforested 20 % of their 
property. There issue of property size is quite relevant. Lets take a recent migrant who 
acquired 50 ha property in an INCRA settlement project totally covered with forests; lets 
assume that we can predict quite precisely on a baseline that he will deforest 2 ha every year 
that he finally to implant pasture; he will deforested 10 ha in 5 years. The potential carbon 
benefit of avoided deforestation, assuming for simplicity an average of 200 tons of carbon per 

                                                 
29 For instance, it was not clear why sawlogs plantations on degraded pasture would have negative, even low, 
impacts, on soils erosion or trade balance. 
30 How far should not the issue of food security be raised in the current debate on sustainable development 
criteria of  CDM ?  
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hectare31, would be around 2000 tons of carbon. For a low  scenario of carbon permit price (3 
US$/ton32), this farmer would gain 6 000 US$. It raises a mensal income of 100 US$ or less 
than two minimum salaries… Of course the scenario is much more optimistic with a 20 
US$/ton of carbon but the point is not here. Lets say that near to his property, a large cattle 
rancher can claimed a 6000 hectares property and that we can predict precisely that he will 
remove 20 % of the property in 3 years, implanting 400 hectares of pasture every year. He 
could thus be credited to conserve the forest of  720 000 US $ or equivalent to 240 000 US$ 
per year… Another matter of concern is that a firm would probably have more interest to 
contract with this large landholder since with one contract it could be credited of 240 000 tons 
of CERs whereas he would have to find 120 smallholders to reach this level. Of course the 
project with the large landholder should not be eligible but if they are responsible of the larger 
part of deforestation, and if CDM for forest conservation is only restricted to smallholders, the 
overall impact of this mechanism to reduce deforestation will be small. 

A final negative point is that even if cattle ranching does not create huge amount of 
employment (1 employment for 39 heads according to Arima and Uhl 1996), at the beginning 
of their establishment smallholders relies on off-farms activities in the large cattle ranch 
(particularly for pasture cleaning) (Ferreira 2001), opportunity that would disappear in case of 
large scale forest conservation. 

The above discussion, based on a voluntary oversimplified example, is only aimed at 
underlining that, albeit the fact that C.D.M. based on forest conservation appears as the best 
option to mitigate GHG emissions, some issues such as its compatibility/conflict with the 
current environmental legislation, equity, and possible negative impact on the regional 
economy are far from being resolved. The impact on equity is simply linked to the fact that it 
is not possible to intensify carbon sequestration in pristine forest, so uneven initial land 
distribution is amplified by a simple financial compensation. Other rules may have to be 
found to avoid possible negative impact on equity (maximum limit of the area conserved per 
property ? transfer ? Public attribution of the fund ?…). 
 
Reforestation, restoration of pasture and no-tillage practices on degraded grasslands. 
 

If the rules of CDM is that such activities should only concern degraded areas, the 
ecological additional benefits would not be as high as those related with forest conservation, 
but there is no reason to believe that they would worsen the situation, unless one assumes that 
degraded lands would progressively return in forest. Reforestation appears to be restricted, but 
it has to be confirmed, to timber plantations, which would mean that multipurpose agro-
forestry or silvo-pasture systems may not be considered. These systems presents higher level 
of biodiversity in many regions than timber plantations and could provide more diverse 
sources of income, whose benefits should be considered in the current debate.  

Since all these activities will require labour and may generate income there are some 
additional benefits on the economic side. Timber plantation for sawlogs33 may be extremely 
relevant in many regions where predatory logging has led to the exhaustion of timber 
resources with serious negative impact on regional development and employment, as shown 
in Schneider and al. (2000). Of course, such opportunity should not replace sustainable 
logging, that is why it is extremely important to be able to identify where are the areas 

                                                 
31 This is a rough estimation just for illustrative purpose. 
32 In the simulation of Vosti and al. (2002), for a gain of 15,6 hectares of forest on the smallholders property, the 
cost would be around 6 US$/tons of carbon.  
33Timber plantation for pulpwood should be examined more carefully because high economies of scale in the 
pulp industry can be a strong pressure on remaining forests. For instance, in Indonesia, the location of large pulp 
and paper industries in agricultural frontiers has led to serious ecological damage on secondary forests 
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degraded since at least 10 years and analyse the real risk of free riding. Is 10 years sufficient 
to avoid a behaviour that would consist in mining the forest resource in order to benefit after 
from CDM ? To avoid such behaviour, it may be necessary to carefully restrict such projects 
to oldest frontiers areas where the risk of resource mining is smaller and degraded areas more 
extensive. The main difficulty will probably be to define the criteria of a degraded areas, 
especially at the level of small properties. Recent advance in remote sensing analysis could 
help in the process.  

The issue on equity linked to land property size is still relevant, however the main 
difference may be that degraded grasslands could be more randomly distributed amongst 
properties. 

Finally, since no tillage practice or simple pasture restoration (without tree planting), 
may stock 1 tons to 5 tons per hectare, the carbon price will largely determine the financial 
attractiveness of such alternative i.e. if it covers the cost of the employed land use practice. 
We did not find some data on the cost of pasture restoration with no-tillage practices. 
EMBRAPA-CPATU (Belem) estimates the cost of traditional pasture restoration at 150-250 
US$/ha (Ferreira 2001), which would mean a first estimation of 30 US $/tons of carbon, well 
above current prospect carbon price. Such activity could however be envisaged in the future 
strategies to limit the national greenhouse gas emissions over the long term and may benefit 
from other financial mechanism such as the Global Environmental Facility. 
 
Livestock intensification 
 

The main additional benefits of livestock intensification is probably that such 
alternative could concern a larger sample of farmers, since it is the main activity encountered 
in several agricultural frontiers. Since the foot and mouse disease eradication program is 
currently registering all the herds in the different properties, it could be easier to rapidly know 
the amount of farmers concerned and the initial data to build a baseline scenario. Additional 
benefit such as employment, possible avoided deforestation, urban development (trough milk 
processing factories), biodiversity enhancement (in the case of silvo-pasture systems) may 
applied as well. The potential leakage effect through the increase pressure on others areas 
leads to privilege options that would be labour intensive.  

A comparative analysis in several agricultural frontiers in the Eastern Brazilian 
Amazon shows that milk production does already participate to small farmers viability in the 
Amazon, but that some intervention may be required with further integration to national 
markets. As it has occurred in the Southern Brazil, economies of scale in capital intensive 
large milk farms, competitiveness, milk quality requirements may lead to the progressive 
eviction of smallholders from the milk production and marketing chains in the Amazon 
(Poccard-Chapuis and al. 2002). To some extent, the current several environmental funds for 
emissions mitigation could help in resolving the issue of small scale maintenance in 
competitive livestock production and marketing chains. 

Moreover, livestock intensification based on milk production requires urban and road 
infrastructure for the emergence of milk processing factories and efficient milk collection  
(Poccard Chapuis and al. 2001).  

Since the various options based on livestock intensification, their relative costs and 
possible emissions mitigation have not been yet assessed in the current context of the 
Brazilian Amazon, it is not possible to estimate their possible financial attractiveness. As in 
the case of pasture rehabilitation, it may anyway be considered in a long term strategy of 
greenhouse gas  mitigation, potentially financed by the current Global Environmental Facility. 
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3. Conclusion-discussion 
 
3.1 Hypothesis on the impact of key agro- ecological and socio-economic variables on 
land use and land use changes in the Amazon 
 
The first section has made clear that if one can say that future rate of land use change will 
certainly be affected by road paving under the current Avança Brasil program, since many 
others variables are affecting land use and land use changes, and that no strong basis exist that 
allow to assume that their impact will remain the same as in the last decades, the current 
existing prevision must be conditioned by several others hypothesis, that will now be detailed. 
 
 

The improving road infrastructure in the Amazon and their possible impact on the  
decrease of transport cost with other regions through road infrastructure development will 
probably push more pressure on forest resources in the Amazon, however this impact will 
depend34 : 
 

1. On the future level of population  and capital migration in the Amazon : 
 
Smallholders and landless farmers migration in agricultural frontiers is driven by their hope to 
improve their livelihoods when compare to their region of origin. If some of them failed, there 
are growing evidence that a significant part of them succeed and that their success tends to 
push further pressures on forests, because farming in the Amazon is profitable. Any policies 
providing sustainable development outside the Amazon will affect new migration flows in the 
Amazon. The Brazilian political context has completely changed since the beginning of this 
year and several interventions are now planned that have to be considered as major new 
parameters in the future migration flows in the Amazon 
 
Large landholders investment in the Amazon is driven by the comparative advantage of the 
region for extensive cattle ranching and soybean and by the low price of land in the region. 
Any policies that decrease or increase the comparative advantages of the Amazon relatively to 
others regions will have a significant impact on the future rate of land use change. 
 

2. On the development of agro-processing factories inside the Amazon 
 
If the only new agro–processing factories that emerge in the Amazon are large 
slaughterhouses and sawmills, conversion of forest to pasture and forest logging will 
accelerate. 
 
If other agro-processing factories are emerging in the Amazon, more complex land use and 
land use change must be forecasted. The development of any agro-processing factories for 
agricultural and forest products that is based on more labour intensive farming systems (as for 
instance perennials, milk production, non-timber forest products) may decrease long term 
pressures on forest resources as it will decrease labour availability for forest clearing. Another 
linkage may be relevant through urban employment, as such development could increase jobs 
opportunities that are not based on forest conversion. 

 

                                                 
34 These various hypothesis should be considered as first elements to be further improved in the future and we do 
not pretend that they are exhaustive.  
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3. On the level of development of each specific sub-regions and of their specific 
location inside the Amazon basin 

 
Sub regions close to already deforested areas are more subject to risk of high rate of land use 
changes. In regions where farmers are already established since a long time and where living 
conditions have improved, better transport infrastructure may favour land use intensification. 
 

4. On the development of local food markets  
 
 A significant part of the initial deforestation by smallholders is aimed at producing 
annual crops for familial consumption. Due to risk averse behaviour, the production of annual 
crops will always be important for smallholders however it can not be neglected that if cheap 
food was available regularly more farmers may evolve to depend on the markets for food 
consumption. The decreasing transport costs with others regions may potentially decrease the 
price of food in the Amazon. 
 

5. On the regional soils quality  
 

 Regions with good soils may allow to more successfully develop perennials crops 
whereas regions with poor quality soils may, without technical assistance, continue to be 
dominantly transformed into pasture.  
 

6. On future credit policies  
 

 However, new credit lines are now available to promote pasture restoration 
(PROPASTO) that may push livestock intensification. The effect on future deforestation may 
however be ambiguous since no evidence show that deforestation is strongly linked with 
pasture degradation. 
 

7. On the development of future markets for the Amazon products 
 

Meat products from the Amazon are still restricted to some of the Brazilian domestic markets 
(Northeast – North) because of the foot-and-mouse disease (Poccard Chapuis 2003). Current 
foot-and-mouse disease eradication program may change this market constraint in the medium 
term. Moreover, agricultural trade liberalization is on the current agenda of the World Trade 
Organization and may further increase livestock expansion in the Amazon. 
 
The increasing awareness of potential ecological damage linked to deforestation in the 
Amazon may increase the future demand for products based on a certified  sustainable 
management of forest resources (non timber forest products; sustainable managed timber) or 
on certified “environmental friendly” products (silvo-pastures systems, agroforestry systems) 
and modify land use patterns. However, criteria to define the ecological content of such 
products and certification processes should encompass both small properties and large 
properties to have a large scale impact on future land use changes in the Amazon. 
 

8. On the level of price fluctuation 
 

More fluctuations of perennials crops will further increase the adoption of livestock and 
increase forest conversion to pastures. 
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9. On land tenure policies 
 

Securing land tenure for smallholders is necessary but may have a small impact on the rate of 
deforestation. The consequences of tenure policies and land regulation may have more impact 
on land use change driven by large cattle ranchers, but more research is needed on this 
specific area. Since again, the political context has changed in Brazil, future land rules may 
change and influence future land use change. 
 

10. On future technological change 
 

Without technological change in livestock activities, and with technological changes in other 
agricultural sectors, livestock expansion and deforestation in the Amazon may increase. 
Labour saving technological change may increase deforestation. Technological change that 
will reduce the risk of a particular land use systems will accelerate its expansion. 
 

11. On the national and local capacity to protect forest reserves and enforce the 
forest reserve law 

 
 
3.2 – Proposal of a methodology to build robust prospective scenarios of land use change 
in the Brazilian Amazon, of it impact on GHG emissions in order to identify mitigation 
options compatible with sustainable development. 
 
Land use and land use change in the Amazon contribute significantly to the Brazilian GHG 
emission balance. Several opportunities exist to reduce this contribution that may be relevant 
not only in the current debate on potential CDM for this region  but also in a longer term 
strategy of national emissions mitigation. Economic models of deforestation in the Amazon 
have helped to better understand the influence of some key agro-ecological and socio-
economic variables on land use change but none of them can claimed today that robust 
scenarios are available. Because some of these variables are locally specific, scenarios will be 
different between the various sub-regions of the Amazon, as will mitigation options. 
Moreover, the validation of such scenarios at level of the entire Amazon is difficult, maybe 
impossible. On the other hand, since several feedbacks exist between farmers land use choice 
and products and production factor markets, scenarios at the property level turn out to be 
limited, without making several assumptions around these possible feedbacks. It is thus 
necessary to adopt a meso-scale of analysis – the county level -  in order to take into account 
economic linkages between the different agents operating in each region, and keep sub-
regional specificities.  
 
On the methodological ground, the building of such prospective scenarios and of their impact 
in terms of GHG emissions requires an interdisciplinary methodology. The proposed  
methodology relies upon the integration of 6 work packages35: (1) Typologies of the main 
actors responsible for land and forest use changes (2) Systematic quantification of GHG from 
regional land use, land use change and livestock and identification of reduction alternatives, 
(3) production and marketing commodity chains analysis (systemic approach), (4) spatial 
statistical model of land use and land cover changes (spatial statistical approach), (5) 
development of dynamic regional simulation models (6) scenarii definition and analysis.  
 
                                                 
35 The project associated to this methodology has been built this year, submit to the LBA scientific committee, 
approved and integrated in the Human Dimension Program of the LBA (more details available from the author) 
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Each work package will be developed and applied on selected test sites : the first test sites 
selected are the Transamazon (Uruara) and the Southern Para (Redenção). Two main reasons 
explain this choice. The first one is that they represent two main contrasted regions with 
regards to important key variables affecting land use and land use change : the Southern Para 
is well connected to the markets, close to deforested areas, with mainly bad soils and flat 
topography, where colonization has been driven by landholders and where forest resources are 
scarcer and at high risk of deforestation. The Uruara county has opposite features (remote, 
dominated by small farmers colonization, presence of some areas of good soils, more complex 
topography, still covered by 80 % by forest with smaller rate of deforestation). Moreover, 
these contrasted regions in the Eastern Brazilian Amazon benefit from the accumulation of 
data and knowledge of the different institutions implied in the Transamazonia network (see 
Annex 1) and will allow to test our methodology. If it  is validated, possible extrapolation 
could be envisaged, particularly in collaboration with the several research teams mentioned in 
this report (ICRAF, IFPRI, IMAZON) that have already accumulated extensive databases in 
other regions. 
 
Work package 1 – Typologies of the main actors directly responsible for land use and forest 
changes36  
 
Questions to be answered : What are the main representative groups of farmers in the regions? 
What are their main constraints, economic results and land use allocation ?  
 
- For representative samples of farmers : identification and quantification, whenever 

possible and necessary, of their production factors endowments (land, labor, capital, 
forests...), agricultural practices, off-farm activities, economics results and interactions on 
markets of goods and production factors (capital, land, labor). Data collection is now 
almost finished in Uruara (for smallholders and large landholders) and former 
smallholders typologies have been built in the region for the years 1993 and 1997 
(Ferreira 2001). They have to be updated and complete with data from large landholders. 
In Southern Para, data collection at the smallholders level is half finished (former data has 
also been collected in 1997 (Ludovino and al. 1998)). Data collection at the large 
landholder level has been hampered by the problems mentioned in the first part of this 
report and we have to continue the survey this year. All the properties have been geo-
referenced. 

- Processing data to make farmers typologies, identifying the main representative groups, 
their constraints and their results (land allocation, economic and financial results, 
demand…).  

 
Work package 2 : “Systematic” quantification of GHG emissions from land use, land use 
change and livestock  
 
Questions to be answered : What are the level of GHG emissions for the main land use, land 
use change and livestock activities observed in the regions ? What are the alternatives to 
mitigate GHG emissions ? What are the main requirements for the adoption such alternatives? 
 
- For the main land use, land use change and livestock farming systems of the region, their 

GHG emissions /sequestration will be computed. The data collected in the part 2 will be 

                                                 
36Some illustrative references linked to this work package : [Ferreira 2001, Ludovino 2002] 
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used as first approximation. Local data on livestock productivity will be used to improve 
the computation of livestock emissions factors37.  

- Systematic new data produced by the different team identified in part 2 will be surveyed. 
Work meetings will be organized with these teams to identify the limit of our 
approximation and assess errors margins  

- For each potential activities allowing to mitigate GHG emissions identified in part 2, their 
technical and economic coefficients will be assessed (production factors needs, inputs, 
costs) 

 
Work package 3: Production and marketing commodity chains analysis38 
 
Question to be answered What are the features of the production and marketing chains 
associated to the main agricultural and forest output identified in the region ? How do they 
affect land use and land use changes ?  
 
Production and marketing commodity chains analysis, defined as functional and systemic 
analysis of the main production and marketing commodity chains in the region, allows to 
understand the strategies of the different actors involved, the dynamics regarding the structure 
within the chains, the developing links between them, and the impacts of these systems on 
land use39. 
 
- Identification of forwards and backwards linkages for the main rural activities : livestock, 

annual crops, fruits production (extractivism and plantation), perennial crops, wood. 
- Breaking up the production and marketing chains into its finest elements: sub production 

and marketing -chains, technical functions, system-agents and actors; each element is 
described, as well as its role within the identified sub-system; 

- literature review, collection and analysis of statistical data (as obtained through national 
and institutional statistics database, professional statistics (enterprises, actors), intensive 
field surveys and interviews of key-informants; 

- tables or matrices of functional analyses are elaborated, which will allow for the 
construction of conceptual models for each sub production and marketing chain; 

- Analysis of the price construction for each product within its sub-chain; economic 
analysis by technical functions; characterization of the interactions and commercial 
relationships between the actors; 

- combination of the information provided by these three entry-points in order to analyze 
the strategies (in terms of activity, localization, etc) of the different actors ; 

- Identification and analysis of the dynamics resulting from the adopted strategies at the 
chain top level, such as technological innovations, or vertical concentration processes at 
the level of the sub-chain;  

- Evaluation of the consequences on the rural sector (price formation, market access, land 
use intensification..), on regional development (employment, inter-sectoral linkages) and 
on the links with the rest of the country (trade, capital fluxes and labor migration..) 

 
 
 

                                                 
37 A pos-doctoral student is already identified to take in charge the livestock component 
38 Some illustrative references linked to this work package : [Lossouarn 1994]. Qualitative data have already 
been collected and analyzed for the meat and milk production and marketing chains (Poccard Chapuis 2003) 
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Work package 4: Spatial model of land use and land cover changes40 
 
Question to be answered : What have been the main land use changes observed in each 
region? What are the main agro-ecological and socio-economic variables that have affected 
the land use change location and intensity ? 
 
The building of regional development scenarios has to be based on a detailed characterization 
of land use and land use change, and on variables that have affected land use change location 
and intensity. The integration of these variable in regional GIS and the building of spatial 
regression models allow to draw the spatial dynamics and analyze correlations between land 
use changes and agro-ecological and socio-economic variables. 
 
Elaboration of the spatial database :  
- Collect, measure and integrate, within a geo-referenced database (GIS), long time series of 

thematic maps (proximate causes) – biophysical characteristics of the landscape and 
human-related factors (such as biodiversity, topography, access to markets, density of 
demand centers; transport and services infrastructures, location-specific public 
interventions, land zoning and transactions,… ).; most of these data have been collected in 
the two regions through our PPG-7 project  (Reference :  1142/99) 

- Emphasis will be given to elements identified in WPs.1-3, i.e., factors related to the state 
and dynamics of the production and marketing chains in the regions, to be integrated in 
the spatial database (existing quantified variables and/or proxies); 

- Homogenizing spatial and temporal scales of the data from multiple sources, using 
existing maps, satellite images, statistical data and field surveys ; 

- Measure, map and characterize spatial organizations and patterns of land-cover and land-
cover change using time series of high spatial resolution remote sensing data; 

- Extract landscape features related to the land use patterns based on land-cover and land-
cover change maps (e.g., landscape indicators, forest fragmentation, etc). 

Regression modeling of land cover changes from current and historical spatial data 
- Define statistical relationships between observed land-cover changes and proximate 

causes, using the geo-referenced database : statistical multiple regression will be used to 
analyze the spatial occurrence of land-cover change (as the dependent variable); 

- Identify the role of the proximate causes, their significance (typology and hierarchy) and 
their evolution over the period of analysis; 

 
Work package 5: Recursive dynamic simulation modeling 
 
Question to be answered : How to represent the complex interactions between the 
representative farmers identified, their regional environment and the impact of their 
simultaneous decisions on land use, land use change, GHG emissions, and incomes ? 
 
We propose here to use a simulation model developed initially in the Indonesian context to 
test ex-ante the impact of economic policies on regional development based on the rural 
sector, that is particularly adapted to the context of agricultural frontiers : MATA (Multi-
Level Analysis Tool For Agriculture)41. This model allows to quantify the consequences of 
economic policies and of the introduction of technical innovation on the different agents 
(income, consumption, welfare), on land allocation and dynamics and on regional 
development (employment, outputs, trade, income distribution) . MATA has a generic 
                                                 
40 Some illustrative references linked to this work package : Mertens and al. 2000 ; Annex 2.  
41 For more details on MATA methodology : Gérard and al. 1995; Gérard  1997 
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modeling framework that can be adapted to each specific context, as it has already been done 
in several countries (Indonesia, Philippines, Burkina Faso, Vietnam, Guadeloupe, India, 
Benin) 
 
Amongst MATA’s features that are well fitted to the objective of this project, one can notice 
that : 
- Agents choice in the agricultural sector is based on price and yield imperfect anticipations, 

in order to take account for production delays and risk associated with these activities.  
- It accounts for agents diversity and interactions on production and factors markets  
- It can be validated, is transparent and flexible (see WP-6) 
 
 

 
MATA’s methodology 

 
 
 
MATA is based on three linked sub-models (see graph 1): the first sub- model describes 
agricultural production, based on a detailed representation of farmers behavior (optimization 
of agents decisions) (ii) the second sub-model describes production and marketing chains 
insertion, price formation and rural-urban interactions ; (iii) in the third sub-model –macro-
economic module – the main macroeconomic and environmental parameters affecting the 
regions are defined in order to simulate a baseline and alternatives scenarii. 
 
- Selecting the key non linear equations for each representative group of  agents (farmers; 

actors of the production and marketing chains). Agents objectives and constraints are 
formalized with mathematical equation capturing the main key technical and economic 
links identified in work packages 1 (for the agricultural production sub-model) and 3 ( for 
the consumption-processing sub-model). Some generic equations will have to be added to 
compute GHG emissions (based on work package 2), 

- The model is then calibrated with the data collected in the previous work packages. In the 
third sub-model, the main macro-economic and environmental exogenous trends that 
characterize the regional context are represented. The validation test must drive results in 
conformity with the trends observed for each representative groups during the last five 
years and with the main correlations identified in work package 4 

- The result are for each year and for a set of exogenous parameters defining the regional 
macro-economic environment and specific market prices expectations: farmers and urban 



39 

incomes levels and distribution, agricultural and agro-processing output for the main 
regional productions, land use and deforestation, importation from the rest of the country 
and exportation to the rest of the country, rural and urban market prices for the different 
products, GHG net emissions. Each annual result determine the starting point of the 
following years by updating farmers endowment in production factors (land, labour), 
liquidity constraints as well as prices expectations for the different products.  

 
Workpackage 6 : Scenarii simulation and analysis 
 
Question to be answered : Can we find a robust baseline scenario of future land use change 
for each regions ? How does the introduction of potential GHG mitigation option affect the 
rate of GHG emissions and sustainable development ? What are the best incentives to reduce 
GHG emissions and promote sustainable development ? 
 
- Simulation and analysis of a baseline scenario. Test of the robustness of the baseline when 

key exogenous parameters are modified  
- Simulation of alternative relevant scenarios based for instance on road improvement, 

introduction of GHG mitigation option, public policies affecting markets prices….  
- The set of changing parameters and policies will be elaborated with participants involved 

in the different work packages, as well as with policies makers and local organizations, in 
order to represent the most relevant changes that may occur in the region. Discussion will 
strongly involve local decision makers and results will be improved during this process. 
Since MATA is a simple and flexible tool and has a convivial interface, once the model is 
finished, it is easy and rapid to simulate several scenarii involving strongly local 
institutions (participative strategy). Moreover, the model is transparent, hypothesis are 
easily understandable and it is possible to change them when they appear to be irrelevant. 

 
- Scenarios results analysis : (i) regional development and land use changes during the next 

decade when some main parameters affecting its regional environment are modified  (ii) 
consequences of the introduction of activity allowing GHG emission mitigation on 
sustainable development criteria (deforestation rate, income levels and distribution 
between the representative groups, employment, urban development)  (iii) identification 
of the most efficient policies to reduce GHG emissions and promote sustainable 
development (iv) identification of the representative groups for which specific CDM could 
apply  

 
 
 

 
This proposal, now integrated in the Human Dimension Program of the LBA (Large Scale 
Biosphere Atmosphere Experiment in the Amazon), will be realized in collaboration with 
several institutions and amongst them the PROCAM/USP. He will be integrated in PROCAM 
future program on Global Change. It will involved human resource formation through our 
CAPES/COFECUB and ALFA projects (see Annex 1). Financial resources are prospected. 
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