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Abstract 

 

Forests provide multiple benefits at local and global scales, yet increasingly these benefits are 

threatened by forest loss. This study assesses proximate and underlying drivers of forest loss 

in Brazil nut concessions and alternative land use authorisations surrounding a major 

Amazonian highway in Madre de Dios, Peru. Past forest cover data were classified from 

satellite imagery to inform a spatially explicit model which compared the effects of proximate 

deforestation predictors on observed forest loss using Markov chains and weights of evidence 

methods. A scenario based simulation was modelled from 2007 to predict 2030 using a land 

cover dynamics simulator, ‘Dinamica’, which spatially allocates land cover transitions using a 

Geographic Information System. Perceived underlying drivers of deforestation were explored 

via interviews with the government, concessionaires and associations. The rate of forest loss 

decreased between 1999 and 2011. Distribution and rate of deforestation was controlled by 

land use authorisation within the study area. Distance to previous deforestation was found 

to be the strongest causal factor of forest loss. Roads were also shown to increase forest 

clearance. Scenario based modelling of Business as Usual revealed a potential for 10,357 

hectares of forest loss within Brazil nut concessions by 2030. Low incomes for 

concessionaires, monopoly of processing factories, land invasion, lack of credit, weak 

environmental governance and policy failure were perceived as underlying drivers of forest 

loss. For sustainable forest management to become the most viable land use option, 

stakeholder objectives must be accommodated into the policy and market environments. 
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Assessing the Drivers of Forest Loss in 

Madre de Dios, Peru 

1. Introduction 

 

Tropical forests have experienced the highest levels of contemporary land cover change due 

to forest clearance (Kaimowitz, 2002; Lambin and Geist, 2006).  Deforestation in tropical 

forests contributes 7 to 14 percent of global carbon dioxide emissions and is recognised as an 

important driver of global environmental change (Solomon et al., 2007; Harris et al., 2012). 

Forest ecosystems provide environmental services of global significance including carbon 

storage, hydrological protection and biodiversity conservation. The loss of forests is a threat 

to the provision of these services, as well as negatively affecting the people who derive 

livelihoods directly from forest products and services (Maruyama and Morioka, 1998). Many 

of the world’s poorest people are directly reliant on forests for income, food and medicine 

(Vedeld et al., 2004). The need to address the causes of forest loss has therefore received 

increasing attention from scientists and policy makers. Policy which seeks to improve forest 

management should be informed by a clear understanding of the proximate and underlying 

drivers of forest loss so as to not disadvantage those who rely directly on forests for their 

livelihoods (Geist and Lambin, 2001; Sunderlin et al., 2005). 

 

Previous studies have identified a complex set of factors which interact with forest loss at 

local, national and global scales (Lambin et al., 2001). While forest loss is highly context 

specific, economic circumstances, policy and institutional failings are frequently cited as 

primary causes of forest loss (Geist and Lambin, 2001). The demand on forests for private 

benefits from non-sustainable use competes with the ecosystem services forests provide. 

Forest loss could therefore be viewed as a market failure to account for the value of 

ecosystem services, which direct users of forests may not value. Sustainable multiple-use 

forest management can complement the provision of ecosystem services and increase the 

productive value of standing forests. The use value derived from such systems can exceed 

that of competing non-forest land cover, but this is reliant on the existence of favourable 

economic and institutional circumstances (Ellis and Porter-Bolland, 2008). 
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Decentralisation of forest management is occurring at an unprecedented rate which offers 

both challenges and opportunities for forest conservation. Municipalities and communities 

are taking a more prominent role in forestry administration in a process of democratisation. 

In forested developing countries, indigenous groups and other local communities now own 

or administer approximately 25 of the forest resources (White et al., 2004). While devolution 

of forest resources theoretically encourages investment in long-term forest management, this 

process in itself does not equate to sustainable forest management. In part, this has been 

attributed to complex bureaucratic procedures and inadequate policy, lack of incentives for 

compliance with regulation, weak capacity for law enforcement and the high transaction costs 

of enforcement in remote areas (ITTO, 2005; García-Fernández et al., 2008). In 2000, Peru 

designated 7.5 million hectares of forest as concessions under which individuals and 

businesses could loan forest from the state based on their compliance with concession law. 

The adoption of the concession system was intended to maintain forest cover while devolving 

management of forest resources.  

 

The introduction of the concession system in Peru was also intended to strengthen the rights 

of those who have traditionally derived their livelihoods from timber and NTFPs. Peru 

produces 10 percent of the global demand for Brazil nuts and the production of this NTFP is 

concentrated in the department of Madre de Dios. Brazil nut concessions are a source of 

income for one of the poorest sections of Peruvian society, one study found that 76 percent 

of concessionaires were in poverty (Escobal and Aldena, 2003). Brazil nut concessions are 

multiple-use forestry systems - concessionaires may harvest both nuts and timber from their 

concessions, the two most economically valuable forest products in the region (Duchelle et 

al., 2011). However, production of these forest products is threatened by forest loss within 

the concessions.  In 2010, 2.7 percent of the total Brazil nut concession area had been 

deforested despite the legal requisite for maintaining forest cover within concessions 

(Fernández-Baca et al., 2014). Failure to maintain forest cover within multiple-use forest 

systems has previously been attributed to institutional factors such as lack of effective 

policies, poorly defined boundaries and inadequate training (Guariguata et al., 2010). 
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There are a lack of studies that investigate the circumstances leading to forest loss within 

concessions in Madre de Dios. An improved understanding of causal factors of forest loss 

would help to inform conservation and development strategies and assist in the formation of 

appropriate policies. There is an increased urgency for this work due to the 2011 completion 

of the Interoceanic Highway that bisects the Amazon via concessions in Madre de Dios. Roads 

have been associated with forest degradation worldwide as they increase the 

competitiveness of alternative land uses and can spur invasion, particularly in a context of low 

governance (Yu et al., 2010).  The forests of Madre de Dios have the potential to supply 

sustainable forest incomes to the surrounding forest-dependent population, but both this 

potential and the benefits which forests provide may disappear in the near future under more 

competitive land uses. This study builds the case for supporting sustainable forest 

management by identifying the proximate and underlying drivers of forest loss in Madre de 

Dios with the following aims: 

 

- To determine the effect of land use authorisation on forest cover by comparing 

trends of forest loss within each authorisation. 

- To collect the perceived underlying drivers of deforestation from concession 

holders, associations and the government. 

- To measure direct drivers of deforestation within each land use authorisation using 

a spatially explicit model. 

- To evaluate the use of modelling to determine conservation priorities within the 

study area. 

- To address barriers to sustainable forest management within Brazil nut concessions 

with conservation recommendations.
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2. Background 

2.1 Modelling Applied in Tropical Forests 

 

Recent years have seen the advance of models which attempt to capture, explain and even 

simulate the complex drivers of forest loss. Some models have explained changes in forest 

cover by considering demographic data on economic growth, population growth or 

biophysical factors. Other models have taken the approach of modelling the influence of local 

static variables such as roads (Laurence et al., 2001). Social simulation and participatory agent 

based modelling have also been used as methods to understand motives to deforest (Castella 

et al., 2005). Despite advanced techniques which have informed our current knowledge of 

the drivers of forest loss, no single factor has been found to explain currently observed trends 

and rates of deforestation. Rather, deforestation is caused by multiple factors which are 

context dependent.  

 

Modelling has been proposed as a way to integrate complex factors affecting forest loss to 

better understand, evaluate and even simulate changes. An array of methods have been used 

to explore influences upon land cover change, models may be static or dynamic, spatial or 

non-spatial, descriptive or prescriptive, deductive or inductive, agent based or pixel based 

(Mas et al., 2014). To some degree these models can help make projections about future land 

use change. The choice of model selection depends on data availability and the policy 

objectives or research question. 

 

An emerging trend in research into the causes of tropical deforestation is the use of spatially 

explicit models which use inductive patterns to identify drivers of forest loss. Models have 

been used extensively to study the effects of drivers on forest change in a historic context and 

to model scenario specific future projections, usually by comparing deforestation from 

separate dates with regard to spatial explanatory variables which are used to assess the 

likelihood of future change. For example, Adhikari and Southworth (2012) used IDRISI’s 



13 
 

CA_MARKOV to evaluate trends of forest loss against policy scenarios affecting a national 

park. Wassenaar et al., (2007) used Conversion of Land Use and its Effects at Small regional 

extent (CLUE-S) which combined logistic regressions to simulate competition and interactions 

which led agents to convert forest for pasture expansion. Khoi and Murayama (2010) used 

Land Change Modeller to for monitoring and conservation purposes to predict areas of 

Vietnamese tropical forests that were vulnerable to identified threats. In these models, 

drivers of deforestation were analysed through the application of a variety of methods 

including multicriteria evaluation, logistic regression and multilayer perceptron.  

 

Another approach gaining popularity for analysing the drivers of tropical deforestation is 

based on the ‘weights of evidence’ technique. Weights of evidence is a method employed by 

Dinamica EGO (Environment for Geoprocessing Objects, hereafter ‘Dinamica’), and has been 

applied to investigate patterns and causes of tropical forest loss by modelling outcomes of 

sustainable and non-sustainable forest use scenarios in Mexico (Cuevas and Mas, 2008), the 

expansion of the cattle and soy industries in the Amazon basin (Soares-Filho et al., 2006),  

future threats of fire associated with desertification of the Amazon at local and basin wide 

scales (Silvestrini et al., 2011; Soares-Filho et al., 2012), the outcomes of policies on timber 

markets (Merry et al., 2009; Giudice et al., 2012) and beef production (Bowman et al., 2012). 

It has also been used as a tool for creating baselines of avoided deforestation and leakage 

scenarios which can then be used as a tool to inform Reduced Emissions from Deforestation 

and Degradation projects (Nunes et al., 2012; Yanai et al., 2012). Dinamica is a spatially explicit 

model which incorporates Markov chains, a modified version of the Bayesian weights of 

evidence method and a cellular automata model in which the transition of a cell from one 

state to another in an array is influenced by its previous state and the state of neighbouring 

cells, all cells simultaneously update at a user-defined time step (Wolfram, 1983, Soares-Filho 

et al., 2013). Dinamica performed favourably when empirically assessed against other 

spatially explicit models by Mas et al., (2014) and also provides the flexibility to run sub-region 

based models.  
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2.2. Predictors of Deforestation in Tropical Forests  

2.2.1 Proximate Drivers of Deforestation 

Lambin et al. (2001) conceptualised a simple way of categorising drivers, as either ‘proximate’ 

(direct) or ‘underlying’ (distant). Proximate drivers are human activities which directly impact 

forest cover. Spatially explicit models consider proximate drivers as variables which have a 

spatial association with deforestation occurrence. Maps of distance to these variables 

(‘predictor maps’) are frequently used by models. Models have also successfully integrated 

remote sensing data, for example, Oliveira (2007) applied this technique and found that 75 

percent of forest damage in the Peruvian Amazon was detected within a 20 kilometre distance 

from the nearest road. Previous studies have shown increases in road networks, paving of 

highways and the expansion of agriculture can be proximate drivers of deforestation (Pfaff, 

1999; Geist and Lambin 2001; Laurance et al., 2001; Nepstad et al., 2001; Soares-Filho et al., 

2004). 

2.2.2 Underlying Drivers of Deforestation 

Underlying drivers are processes which can be shown to have an indirect effect on 

deforestation. Circumstances at the local, national or global scale may affect forest loss by 

influencing the decision making processes of agents of deforestation. For example, bio 

geographical factors affect land-use suitability, both seasonal inundation and dry season 

severity have been shown to effect deforestation (Laurence et al., 2002). Previous studies of 

underlying causes of forest loss found policy and institutional failures such as poorly defined 

property rights (de Oliveira, 2008), influences of demographic variables such as rural 

population density, (White and Martin, 2002; Cubbage et al., 2007), as well as national 

policies and remote influences, such as import requirements for international markets or 

international demand for forest products (Geist and Lambin, 2001).  Despite the importance 

of understanding the influence of underlying factors on the motivations of agents of 

deforestation, there are few studies which have focused on these factors from the 

stakeholder perspective and integrated their decision making into a participatory modelling 

process (Castella et al., 2005).  
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2.3. Study Region 

2.3.1 Madre de Dios 

The study area is located within Peru’s Madre de Dios region, a part of the Tropical Andes 

Biodiversity Hotspot and Peru’s ‘Capital of Biodiversity’. The forests of Madre de Dios are cited 

as a conservation priority as they are recognised as a global epicentre for biodiversity, harbour 

globally important carbon stocks and are home to tribes that live in voluntary isolation (Asner 

et al., 2010; Rosenthal et al., 2012; Scullion et al., 2014). The area of Madre de Dios is 85,000 

km2 and consists of predominately evergreen and semi-evergreen rain forest fed by seasonal 

rainfall of approximately 1200 to 3300 mm (Osher and Buol, 1998). 

 

The study area is strategically located in the ‘Stage 3’ of the Interoceanic Highway which 

contains the most intact remaining forests along the highway. Paving began in the study area 

in 2005. In 2011 the last section of the 3,300 kilometre road which bisects Amazonia and 

connects Peruvian ports to Brazil was completed. Protecting the forests surrounding Stage 3 

would provide an opportunity to maintain a forested connection between protected areas in 

Peru and Bolivia and act as a buffer between the major highway and the tribes living in 

voluntary isolation within the study area. 

 

The study area encompasses 1,158,900 hectares, of which 1,020,374 hectares is designated 

as Permanent Production Forests and 137,021 hectares surrounding the Interoceanic 

Highway is designated for agriculture and alternative land uses. The Permanent Production 

Forests comprise of 806 Brazil nut concessions (613,672 hectares), 63 timber concessions 

(321,845 hectares), and an additional 84,856 hectares of Permanent Production Forest which 

has yet to be solicited for concessions (hereafter ‘UPPF’) (Figure 2.1; Appendix 1) 
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Figure 2.1. Map of Peru (black) with Madre de Dios region highlighted in white and the study 

area shown in green. 

2.3.2 Historic Forest Loss 

Prior to the construction of the road which connected Puerto Maldonado to Cuzco in the 

1960s, the extractive potential of the forests of Madre de Dios was limited to rubber, Brazil 

nuts, and quinine due to the region’s inaccessibility. The road increased migration to the 

region, supported by government subsidies for agriculture and increased profits from 

extracting hardwoods (Alvarez and Naughton-Treves, 2003). In the mid-1980s forest 

clearance increased when Alan Garcia introduced policy incentives to expand agriculture and 

cattle pasture. This scheme ended in the 1990s under the presidency of Alberto Fujimori who 

closed the Agrarian Bank and stopped agricultural subsidies. This was reflected in a reduction 

in the rate of deforestation from 1990 to 2000 (Chavez et al., 2013). Some areas of abandoned 

pasture reverted to forest and reforestation initiatives were promoted by Fujimori. 
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2.3.3 Permanent Production Forests and Institutional Arrangements 

In 2000, the Peruvian Government declared 7.5 million hectares of forest as ‘Permanent 

Production Forests’, which authorised 40 year concession leases for either timber or non-

timber product extraction (Ley No. 27308). In 2002 the state permitted the extraction of 

timber in non-timber concessions, but this was limited to a timber volume cap not exceeding 

5 m3/ha (Decreto Supremo N° 044-2002-AG). This was subsequently removed in the 2007 

legislation (Resolution No. 254-2007-INRENA-IFFS). There persists a perverse incentive for 

timber companies to strike deals with Brazil nut concessionaires to extract wood and share 

10 – 20 percent of the profits with the concession owner. In 2011, the timber volume 

extracted from Brazil nut concessions exceeded that extracted from neighbouring timber 

concessions (Cossío et al., 2011).  

 

In Madre de Dios, the DRFFS (Dirección Regional Forestal y Fauna Silvestre) is the authority 

responsible for distributing concessions, monitoring royalty payments from concessionaires, 

managing the concession solicits, and pre and post inspection of the concessions. They 

approve demarcation of concessions in the form of a technical proposal which is a document 

elaborated by a forestry engineer that outlines the use of the concession for the duration of 

the contract. A yearly management plan is also submitted upon payment of the annual 

royalties which outlines the planned location and amount of resource extraction for approval 

by the DRFFS. The Organismo Supervisor de los Recursos Forestales Maderables (OSINFOR) is 

an autonomous government supervisory body with the responsibility of overseeing the 

contractual process and checking for breaches of concession contracts or corruption in the 

reporting process by either the concessionaires or the forestry engineers. 

 

Under the terms of a concession contract, the concessionaires has responsibility of ensuring 

forest cover is maintained. Any illegal breaches of this must be denounced (reported) to 

OSINFOR, or the concessionaire may face a fine in a subsequent review of the status of the 

concessions. No new agricultural land can be allocated within the Permanent Production 

Forests, other than that which existed when the concession was awarded. No titles or 

possession may be awarded within Permanent Production Forests. 
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2.3.4 Brazil Nut Concessions and Concessionaires 

The Brazil nut (Bertholletia excelsa) is the most important commercially extracted NTFP in 

Madre de Dios. There are 1190 Brazil nut concessions managed by local community members 

which together encompass over 1 million hectares of forest. These concessions produce 10 

percent of the global demand for Brazil nuts and provide 2/3 of annual income for 30,000 

people who are involved its collection, processing and marketing (Kalliola and Flores, 2002).  

 

The production of the Brazil nut is distinct from other NTFPs as trees require intact forest to 

reproduce due to their dependence on orchid bees for pollination. Degraded forests produce 

lower yields, and productivity ceases once the forest surrounding the tree is lost. For this 

reason, designating lands for Brazil nut production could theoretically alleviate deforestation, 

particularly as there is an established international market for this NTFP, but it has not been 

shown that this form of land authorisation reduces forest clearance (Escobal and Aldana, 

2003).  

 

The introduction of aflatoxin import regulations in United States (MOU 225-96-2002) and 

European Union (Commission Regulation (EC) No 1881/2006) markets decreased the value of 

Brazil nuts to the harvesters. Prior to the introduction of this legislation Brazil nuts were 

predominately shelled by the harvesters, access to export markets is currently only available 

via selling nuts unshelled to processing plants that control the prices. Market instability has 

also been caused in some years by an influx of Brazil nuts from Bolivia, resulting in a price 

crash in 2005 when a kilo of unshelled Brazil nuts was worth £0.49 at point of sale from the 

harvester to the processing unit. 
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3. Methods 
 

Historic changes in land cover were assessed using remote sensing techniques (section 3.1, 

section 3.3.2). Interviews with concession owners, association representatives and the local 

government were used to collect the underlying drivers of deforestation (section 3.2). 

Proximate drivers of deforestation were used in a spatially explicit model to create a forest 

loss probability map (section 3.3.2). Data were then used as predictors to generate a scenario 

based modelling approach to assess the historic and potential future effects of land use 

authorisations on land cover change (section 3.3.4; Figure 3.1; Appendix 2).  

 

Figure 3.1. Flow chart of methodological approach used in study. For a detailed review of the 

'Scenario based Model' stage please see Appendix 2. 

 

3.1 Acquisition and Classification of Data 

 

Maps of the concessions and static variables were provided by the DRFFS. The sub region map 

was compiled from the different land use authorisations found within the study area. Four 

regions were included: Brazil nut concessions, timber concessions, undesignated Permanent 
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Production Forests (UPPF) and the land available for private titling surrounding the 

Interoceanic Highway (Interoceanic Highway region) (Appendix 1). 

 

To identify changes in land-cover images of 30 meter resolution acquired by NASA’s Landsat 

5 satellite were classified for the years 1999, 2003, 2005, 2007, 2009 and 2011 (ETM+/TM) 

(Path/row 2/68, 3/68). Scenes were acquired for the same season of each reference year 

(July-August). Images were preprocessed in the spatial analysis software ENVI (4.2), two tiles 

required geo-rectification, path/row 3/68 for years 1999 and 2003. This was achieved with 

cubic convolution and a root mean square error of < 8, it was not possible to achieve a better 

fit due to time constraints and lack of sufficient ground control points. 

 

All images were classified via Spectral Angle Mapper supervised by a combination of (10–25) 

training samples per class collected during field surveys in 2014 and from histogram enhanced 

Landsat images. Multiple classes were combined into three categories, ‘forest’, ‘deforested’ 

and ‘non-forest’ (water). The classifications were supervised, but some river margins were 

classified as ‘deforested’ due to the similarity in reflectance values of deforested areas and 

river banks under low tide. While no action was taken in this study, Scullion et al. (2014) dealt 

with this by manually reassigning cells to their native class based on expert knowledge. Visual 

inspection revealed variation between the classified years which could be due to atmospheric 

conditions when satellite image was acquired or inter-annual variations in the reflectance 

values of the areas which were used for classification training (Appendix 3). It is also possible 

that fluctuations between images are due to real reforestation events. More ground truth 

data from each study year would have been needed to assess the historic classification 

accuracy. For these reasons the results from this study should be interpreted with caution. 

 

Classification accuracy for 2011 was assessed by comparing observations on land cover 

collected in the field (2011 to 2014) to the classified map (Figure 3.2; Figure 3.3). Additional 

observations were collected remotely by generating random points within each class (ArcMap 

9.3) and manual comparison with historic Digital Globe imagery of 2011 available via Google 

Earth (7.1.2.2041). It was not possible to measure the classification accuracy for the years 

1999, 2003, 2005, 2007 or 2009, as no data on historic land cover were available for the area 
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from these years. A confusion matrix was generated from the training areas to assess the final 

number of training categories which had been classified as they had been defined. While the 

results showed high accuracy (>85 percent) this cannot be taken as a measure of the 

classification accuracy. The year 2011 was assessed using historic data collected from Google 

Earth for the year 2011. However, the limited number of points suggests the reported 

accuracy may be an overestimate (Appendix 4). If this method were to be empirically assessed 

against other forms of classification accuracy assessment and found to be favourable, it would 

be possible to use the 2011 classification as the initial year for scenario generation and assess 

against modern (2014) satellite imagery, thereby incorporating more recent deforestation 

patterns into the model.  

 

3.2 Collecting Perceived Underlying Drivers of Forest Loss 

 

20 Brazil nut concessionaires were interviewed in Puerto Maldonado and Alerta in June 2014. 

Interviewees were identified via snowball sampling and selected if their concession was inside 

the study area.  Semi-structured interviews consisted of 25 questions designed to gather 

information on concession management practices and the costs, benefits and challenges 

associated with holding a concession title (Table 3.1; Appendix 5).  

 

17 concessionaires provided sufficient information to locate their concessions on land use 

authorisation maps provided by DRFFS. In total their concessions encompassed 15,168 

hectares.  Deforested areas within each concession were located and the size of deforested 

patches within each concession were measured using 2014 Google Maps licenced Digital 

Globe satellite imagery via the QGIS (2.0.1) plugin Open Layers. A total of 191 hectares were 

detected as deforested within the concessions. Four of the concessions had no evidence of 

present or historic deforestation. Data were tested for normal distribution, predictor 

variables were found to have normal distributions. Square root was applied to normalise the 

response variable, which was considered to be the total hectares of deforestation within each 

concession recorded in 2014. Linear regression modelling in R (3.0.2) was used to test the 

relationships between the response and predictor variables. Results were considered 

significant if p<0.05. The total area of deforestation recorded in 2014 may not be an 
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appropriate indicator of the respondent’s deforestation activities as in this study it was not 

possible to access data from the DRFFS on levels of deforestation prior each concession being 

awarded.  

 

Semi structured interviews with representatives of three Brazil nut associations and OSINFOR 

consisted of eight questions. The interview was designed to gather perceptions of what 

contributed to the changing rate of deforestation within concessions, problems with the 

current concession administration, motivations for deforestation within concessions and 

what incentives might be required to reduce the rate of deforestation (Appendix 6). The Brazil 

nut associations interviewed were RONAP (Asociación de Recolectores Orgánicos de la Nuez 

Amazónica Peruana), FEPROCAMD (Federación de Productores de Castaña de Madre de Dios) 

and CANDELA (Comercio Alternativo de Productos No Tradicionales y Desarrollo en 

Latinoamérica). 

 

Table 3.1. Overview of the themes investigated in the interviews with expected effect of the 
variables on levels of deforestation within the respondent's concession 

Underlying predictors of deforestation Expected effect on deforestation 

Policy or institutional  
Experienced problems gaining concession title Increase 

Experienced capacitation or assistance since 
receiving concession 

Decrease 

Experienced robbery or invasion in concession Increase 

Economics  

Amount gained last year from each product 
extracted 

Higher income - Decrease,                  
lower income - Increase 

Most profitable product from concession Timber - Increase, Brazil nuts - Decrease 

Experience of price crashes Increase 

Diversified income sources beyond concession Decrease 

Time spent in concession each year Increase 
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3.3. Modelling Approach 

 

 

3.3.1 Trends in Historic Forest Loss 

The historic rates of forest loss were calculated for each time period within each land use 

authorisation (Appendix 7). The transition probability is the number of pixels classified as 

forest in the initial map which are registered as deforested in a subsequent map at a known 

time interval and this gives a measure of the direction and magnitude of change. Time periods 

considered were 1999 to 2003, 2003 to 2005, 2005 to 2007, 2007 to 2009, and 2009 to 2011.  

 

3.3.2 Proximate Drivers of Deforestation 

Weights of evidence is a quantitative method for combining information to support a 

hypothesis.  This method determines the probability of an event occurring based on factors 

of evidence provided as a raster dataset and depicts the most likely areas for changes. If the 

influence of a predictor variable means there is a greater probability of an event occurring 

than would be expected due to chance it is assigned positive weight. When there is a lesser 

probability of occurrence than expected by chance a negative weight is assigned. A larger 

degree of spatial association exists between an event and its predictor when weights have 

larger (positive or negative) values (Bonham-Carter et al., 1994). When considering the results 

a “switch distance” was determined as the first value of the distance range where the weight 

coefficient moves from being positive to negative. 

 

Spatially explicit models are informed by a set of explanatory variables, the selection of which 

is critical for the success of a spatial dynamic model.  Six biophysical variables were evaluated 

based on their prevalence in previous studies and are listed in Table 3.2. Slope was calculated 

from a 30 meter Digital Elevation Model and distance to previously deforested areas was 

included as a dynamic variable which updated via the model iterations. To meet the 

assumption of the weights of evidence approach, pairwise tests were run to confirm 

independence of predictor variables using the Crammer Coefficient (empirical threshold V < 

0.5). Variables found to be correlated were settlements and the Interoceanic Highway (V > 

0.9), and Interoceanic Highway and secondary roads (V > 0.8). The settlements variable was 
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removed, the Interoceanic highway and secondary roads were combined into a single 

variable. The influence of land use authorisation on the variables was tested for the time 

period 2007 to 2011 using the modified weights of evidence method in Dinamica.  

Table 3.2. Proximate predictors of deforestation included in the model and an explanation of 

expected result supported by existing literature 

Proximate Predictors 
of deforestation Predicted Effect 

Distance to primary 
roads 

Forest conversion is expected to increase with proximity to primary 
roads (Pfaff, 1999; Laurance et al., 2001; Geist and Lambin, 2001; 
Nepstad et al., 2001; Soares-Filho et al., 2004). 

Distance to secondary 
roads 

Forest conversion is expected to increase with proximity to 
secondary roads (Pfaff, 1999; Laurance et al., 2001; Geist and 
Lambin, 2001; Nepstad et al., 2001; Soares-Filho et al., 2004). 

Distance to settlements Forest conversion is expected to increase with proximity to 
settlements (Kaimowitz and Angelsen, 1998). 

Distance to previous 
deforestation 

Forest conversion is expected to increase with proximity to previous 
deforestation (Forrest et al., 2008). 

Distance to rivers Authors have found that rivers may either positively influence, or 
have no influence on deforestation (Geist and Lambin, 2002). 

Slope Slope is not expected to have an effect as the study area has little 
topographic variation. 

Land Authorisation 
Designation 

 

zone surrounding the 
Interoceanic Highway 

The creation of a colonisation zone strongly increases the probability 
of deforestation, Kamiowitz et al. (2002) found an 80% increase. 

Designation as Timber 
concession 

Timber concessions are expected to maintain low levels of 
deforestation, and forest clearance is predicted to be associated 
with infrastructure related to logging, e.g. roads or clearings for 
sawmills. 

Designation as Brazil 
nut concession 

Brazil nut concessions are expected to have the lowest rates of 
deforestation within the PPFs.  

Undesignated PPFs Undesignated PPFs are predicted to have the highest rate of 
deforestation within the PPF due to a lack of private incentives to 
maintain forest cover. 

  

 

3.3.3 Generation and Expansion of Patches 

Patch generation parameters were determined from the mean area of a random selection of 

patches taken across the study area from 2011 imagery (n=32). Dinamica uses a cellular 

automata model to predict the expansion and generation of patches through user defined 
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functions of patch expansion and patch generation. The transition rate and probability map 

were used to create simulations of 2011 from which the model patch size expansion, 

generation and isometry could be calibrated. The measure of isometry ranges from 0 to 2 and 

patches acquire a more isometric shape when the value approaches 2 (Soares-Filho et al., 

2003). Calibration was via assessments of similarity using both exponential and constant 

decay functions under multiple window sizes to determine the most similar isometry value 

for the 2011 observed landscape compared to simulations of the 2011 landscape generated 

under different isometry values (Appendix 8). Window sizes employed by Dinamica are 

measures of fuzzy similarity at varying resolutions modified from the Kfuzzy developed by 

Hagen (2003).  

 

While it was beyond the scope of this study, future attempts at modelling land cover with 

relation to Brazil nut concession authorisation in this region should consider the spatial 

location of concession boundaries and settlements, which may also influence deforestation 

patterns under this land use authorisation. Currently the model assumes that the spatial 

patterns of deforestation are equal between all land use authorisations, yet the deforestation 

within each of the land use authorisations shows different patch sizes, patch expansions and 

isometric relationships.  Perz and Skole (2003) found patch sizes exhibited spatial variation 

between regions. The predictive power of the cellular automata model might have been 

increased by calculating the patch generation parameters separately for each land use 

authorisation.  

 

3.3.4 Simulating Future Forest Loss 

Simulation models were run iteratively in Dinamica from the initial landscape of 2007 to 

predict the forest loss 2030 (Appendix 2). A transition rate for the simulation model was 

obtained from the time period of 2007 to 2011. 2007 was selected as the initial year as the 

2007 landscape contained recent deforestation patterns and a 4 year time interval 

encompassed modern changes in deforestation rates. The following scenarios were 

considered: 
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Scenario 1: Business as Usual 

Scenario 1 assumes a future where the changes in land cover observed from 2007 to 2011 

within each land use authorisation are representative of the 2007 to 2030 period. Predictors 

of deforestation are measured within each land use authorisation. 

 

Scenario 2: No Effect of Concession Authorisation 

Scenario 2 assumes a future where development of land surrounding the Interoceanic 

Highway is not controlled by any separate land use authorisation. This scenario does not 

regard any influence of land use authorisation. Both the transition rate and probabilities are 

calculated from the whole study area.  

 

Scenario 3: Brazil Nut Concessions Enforced 

 

Scenario 3 assumes a future of perfect enforcement within Brazil nut concessions from 2007 

to 2030. The Brazil nut concessions were assigned a negative weights of evidence coefficient 

so that the Brazil nut concessions would not be influenced by proximity to predictors of 

deforestation. 
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Figure 3.2 Dusk in Mavila, a growing settlement along the Interoceanic Highway in the study 
area. Lat/Long: -11.932449, -69.117893

 

Figure 3.3 The River Manuripe is an important transport route to reach remote Brazil nut 
concessions from the town of Mavila. Photo taken from an area of deforestation, 
overlooking non-forest and forest classes. Lat/Long: -11.910605, -69.149958
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4. Results 

The results are presented in the following order. Firstly, historic loss of forest cover is 

examined to understand the effects of land use authorisation (section 4.1). Secondly, the 

perceptions of stakeholders are presented to identify underlying drivers of forest loss (section 

4.2). Thirdly, the levels of threat in terms of deforestation probability are explained by the 

spatial predictors of forest loss (section 4.3). The results conclude with a scenario based 

simulation of future forest loss (section 4.4).  

 

4.1. Trends in Historic Deforestation 

 

The changes in the classifications across time revealed there was a 117 percent increase in 

the area of deforested land between the years 1999 and 2011 (Table 4.1). Brazil nut 

concessions showed the highest rate of deforestation in the Permanent Production Forests 

(Figure 4.1). Overall, the rate of deforestation over time decreased across the study area 

(Figure 4.1; Figure 4.2). This decreasing trend was evident in all authorisations with the 

exception of timber concessions, which showed an increase in the rate of deforestation since 

1999 (Figure 4.1). The Interoceanic Highway region showed the highest rate of forest loss, 

nine times greater than that occurring within Brazil nut concessions (Figure 4.2).  

Table 4.1. Percentage of each land cover class in the study area from the classification of 

Landsat 5 images for years 1999, 2003, 2005, 2007, 2009 and 2011 

Land Cover 

Class 

Percentage of each class 

1999 2003 2005 2007 2009 2011 

Forest 98.8 98.1 98.3 97.8 97.9 97.6 

Deforested 0.9 1.7 1.4 1.8 1.8 2.0 

Non-forest 0.3 0.3 0.3 0.3 0.3 0.3 
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Figure 4.1. Annualised rate of deforestation (%) from comparing classified maps of 1999 to 

2003, 2003 to 2005, 2005 to 2007, 2007 to 2009, 2009 to 2011, calculated for Permanent 

Production Forest authorisations in Madre de Dios, Peru. 
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Figure 4.2. Annualised rate of deforestation (%) from comparing classified maps of 1999 to 

2003, 2003 to 2005, 2005 to 2007, 2007 to 2009, 2009 to 2011, calculated for the 

Interoceanic Highway region in Madre de Dios, Peru. 
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4.2. Perceived Underlying Causes of Deforestation in Brazil Nut Concessions 

 

A combination of proximate and underlying causes were found to contribute to forest loss 

(Figure 4.3). 

 

Figure 4.3. Summary of findings from stakeholder interviews, after Contreras-Hermosilla 

(2000) 
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4.2.1 Economic Drivers of Forest Loss 

No significant relationships were found between the area of deforestation within each 

concession and the variables presented in Table 4.2. The Brazil nut concessionaires earned on 

average US$16 ha-1 yr-1 (15 ± SD) from their concessions, 14 reported that this was their sole 

source of income. RONAP believed that increased access to concessions via the construction 

of access roads had increased the profits of both sustainable and unsustainable concession 

products by decreasing the price of extraction. 16 engaged in timber extraction, and 11 

reported that Brazil nuts were the most profitable product from their concessions “although 

less so in recent years” (Table 4.2). All three Brazil nut associations stated that low income 

was an underlying cause of deforestation, and all three suggested that a potential incentive 

to deter deforestation would be to add value to concession products (Table 4.3). There were 

three factors identified through concessionaire interviews which decreased the market value 

of Brazil nuts, five respondents reported the entry of Bolivian Brazil nuts flooding the Peruvian 

market and driving prices down since 2005, four referred to the decline in the value of the 

shelled nut following the change in aflatoxin legislation, and one reported a 2012 market 

crash due to global economic factors. 
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Table 4.2. Area deforested within Brazil nut concessions measured using 2014 Digital Globe 

satellite imagery, tested using linear regression modelling against social and economic 

predictors gathered from interviews with Brazil nut concession holders in Madre de Dios, 

Peru.  

  Variable 
number of 

respondents 
Mean StDev 

Response     

 Area deforested 17 11 hectares 11 

Predictors     

 Area of concession 17 893 hectares 240 

 Duration title in possession 17 30 Years 13 

 Amount earned from Brazil Nuts 12 10 $/ha/year 9 

 Amount earned from timber 6 9 $/ha/year 5 

 
Reported total income from 
concession 

16 22 $/ha/year 15 

 Annual time spent in concession 17 6 months 3 

  % of  respondents 

 
Received capacitation from the state 
or NGO 

10 30 percent 
 

 

Experienced robbery within 
concession 

17 76 percent 
 

 Practice timber extraction 16 75 percent  

 Mode of access 20    

 via road  71 percent  

 via road and/or boat  18 percent  

  via river  11 percent   
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Table 4.3. Perceptions of the causes, motivations and solutions to forest loss within Brazil nut concessions gathered from three Brazil nut associations in 

Madre de Dios, Peru. 

Name Reasons for  
changing rate of 
deforestation 

Perceived problems 
 

Motivations for deforestation 
 

Incentives to deter forest loss 

RONAP - Access to roads 
has increased 
access profits by 
decreasing price of 
extraction 
 

- Concessions were defined 
without geographically 
accurate maps which 
means there are many 
discrepancies when it 
comes to regulation 

- The concessionaires are used to living from 
Brazil nuts and wood, when this is less 
rentable they do not see alternatives. 
- They need space for cows or agriculture to 
supplement their income 
- They may be illegally selling parcels of their 
land 

- Need to give alternatives through 
diversified income 
- Must add value to the product 
- Increase the value of Brazil nuts to the 
concessionaires 
 

     
FEPROCAMD  - State should offer 

capacitation to concession 
holders and their families 
- State is responsible for 
formalising the land but 
does not do its part 

- Economic motives, low income 
- The already low price of Brazil nuts is 
decreasing 
- The state does not support the concession 
holders 
- There are no credit schemes available to 
assist in self-starting businesses 

- The state must help to make small 
businesses of brazil nuts and wood 
- Must add value to the product 
- Invest in processing within associations 
- The government must build capacity in 
the necessary sectors and then 
capacitate them more. 
 

CANDELA - Less illegal 
logging since 
OSINFOR is 
checking, definitely 
more checks in last 
two years 

 - Low income 
- Not aware of or able to access other 
alternative income sources 

- Must add value to the product 
- Find alternative markets for Brazil nuts 
- Concessionaires want tourism and 
agroforestry initiatives but there are 
none 
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4.2.2 Policy and Institutional Drivers of Forest Loss 

Three concessionaires reported invasions by agriculturalists and illegal miners who cleared 

sections of the forests within their concession. They had denounced these invasions to 

OSINFOR and INRENA, but stated they had not received any assistance in response. One 

concessionaire reported clearing the boundaries of his concession for agriculture, claiming it 

was the only effective deterrent to invaders, but reported he still feared that zones in his 

concession with low densities of Brazil nuts were at threat from invasion.  

 

Perceived problems within the current administration of the concession system included 

inconsistent delineation of the concession boundaries and lack of capacitation from the state 

on concession management. Two of the concessionaires had received talks from the Amazon 

Conservation Association, one had received a talk from the Instituto Nacional de Recursos 

Naturales.……………………………………..  

 

At interview, OSINFOR revealed that their institution faces problems due to other land 

authorities awarding agricultural titles within areas of Permanent Production Forests, and 

that in essence the authorities were “working against one another”. Invaders can gain support 

from the local regional government in exchange for the promise of votes and they can then 

solicit the re-dimension of the Permanent Production Forests to favour the invaders, in a 

process that is “always against the forest, it is never in favour of the forests”. While OSINFOR 

believes the designation of Brazil nut concessions has deterred invaders, their ability to 

prevent forest clearance within the concessions is limited to their power to fine 

concessionaires for an amount relative to the size cleared “…because the problem is at the 

national level…the principle factor is corruption within the institutions…” (Appendix 9).  
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4.3 Proximate Drivers of Forest Loss 

 

Distance to previous deforestation was the strongest predictor of deforestation in every land 

use authorisation. The highest Y intercept value for this predictor was found in Brazil nut 

concessions, with the switch distance suggesting the influence of this variable was positive to 

a distance of 450 metres (Figure 4.4). Brazil nut concessions were unique among the results 

as they were the only land use authorisation in which distance to rivers was a stronger 

predictor of deforestation than distance to roads (Table 4.4). The results showed that the 

probability of deforestation was positively correlated with proximity to all of the predictor 

variables included, in all land use authorisations, with the exception of the distance to rivers 

within the Interoceanic Highway region, due to insufficient data for this variable within this 

land use authorisation (Table 4.4; Figure 4.5). Slope showed no relationship with 

deforestation. The switch distance was affected by the frequency and relative distance of 

deforestation events observed with relation to the spatial occurrence of each predictor 

variable (Table 4.4; Appendix 10).  

 

 

Figure 4.4. Relationship between distance to previous deforestation and weight of evidence 

coefficient for deforestation occurrence within Brazil nut concessions calculated from 

comparisons of 30 meter resolution Landsat 5 imagery dated 2007 and 2011. Non-significant 

results shown as triangles. 
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Table 4.4. Weights of evidence explaining the probability of deforestation occurrence 

calculated by predictor variables, both considering and disregarding the influence of land use 

authorisations. The Y intercept represents the weight of evidence coefficient for executed 

transactions within 0 – 50 metres from the predictor. 

    

Land Use 

Authorisation Predictor Variable 

Y 

Intercept 

Switch distance 

(m) 

UPPF*    

 Distance to Previous Deforestation 3.9 500 

 Distance to Rivers 1.1 350 

 Distance to Roads 3.2 4000 

Interoceanic Highway   

 Distance to Previous Deforestation 1.7 150 

 Distance to Rivers -1.5 - 

 Distance to Roads 1.1 600 

Brazil Nut Concessions   

 Distance to Previous Deforestation 4.2 450 

 Distance to Rivers 2.1 350 

 Distance to Roads 1.4 2700 

Timber Concessions   

 Distance to Previous Deforestation 3.6 700 

 Distance to Rivers 0.9 2200 

 Distance to Roads 2.2 250 

Study Area   

 Distance to Previous Deforestation 3.4 350 

 Distance to Rivers 0.2 8800 

  Distance to Roads 1.7 1350 

    

* UPPF – Undesignated Permanent Production Forests 
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Figure 4.5. Spatial threat of deforestation within the study area based on predictor variables 

distance to previous deforestation, distance to roads and distance to rivers. Variables 

calculated at 30 m resolution using the weights of evidence method in Dinamica EGO with 

data gathered from classified Landsat 5 images for the years 2007 and 2011, path/row: 

2/68, 3/68. 
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4.4 Simulating Future Forest Loss 

 

Assessments at multiple resolutions between the 2011 simulated landscape and 2011 

observed landscape showed a low similarity for both Scenario 1 and Scenario 2, when 

assessed via both the constant and the exponential decay functions (Table 4.5). The exclusion 

of authorisations in Scenario 2 resulted in a higher similarity than in Scenario 1 where 

authorisations were included (Table 4.5). The inclusion of land use authorisations did affect 

the spatial distribution of deforestation predictions between regions (Table 4.4; Figure 4.6; 

Figure 4.7). Scenarios 1 and 2 showed the same amount of forest loss by 2030, which confirms 

that the inclusion or exclusion of land use authorisations does not affect the total area 

deforested (Table 4.6). Scenario 3 shows a much lower level of deforestation, which is most 

pronounced within Brazil nut concessions as they were assigned a negative weight of 

evidence coefficient (Table 4.6; Figure 4.8).  

 

Table 4.5. Assessment of model fitness using both constant and exponential decay functions 

across multiple resolutions (m) comparing the accuracy of the observed 2011 landscape with 

simulated 2011 landscape for Scenario 1 and Scenario 2. 

     

            Scenario 1 Scenario 2 
Window 
Size (m) 

Constant 
Decay 

Exponential 
Decay 

Constant 
Decay 

Exponential 
Decay 

15x15 0.10 0.13 0.15 0.11 
45x45 0.21 0.21 0.29 0.18 
75x75 0.32 0.26 0.41 0.23 

105x105 0.43 0.30 0.52 0.26 
135x135 0.53 0.31 0.61 0.28 
165x165 0.61 0.33 0.68 0.29 
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Table 4.6. Forest loss prediction by scenario between 2007 and 2030 across individual land 

use authorisation 

    

 2030   
Increase % 
deforested 

Forest loss 
(ha) 

Scenario 1   

 UPPF* 2 1685 

 
Interoceanic 
Highway 29.6 40573 

 
Brazil nut 
concessions 2.2 13643 

 Timber concessions 1.7 5490 
Scenario 2   

 UPPF 2 1685 

 
Interoceanic 
Highway 29.6 40573 

 
Brazil nut 
concessions 2.2 13643 

 Timber concessions 1.7 5490 
Scenario 3   

 UPPF 0.7 569 

 
Interoceanic 
Highway 20.4 27925 

 
Brazil nut 
concessions 0.5 3286 

  Timber concessions 1 3331 

* UPPF – Undesignated Permanent Production Forests 
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Figure 4.6. Map of predicted deforestation in 2030 under Scenario 1, Business as Usual 
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Figure 4.7. Map of predicted deforestation in 2030 under Scenario 2, which assumed no 

influence of land authorisation 
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Figure 4.8. Map of predicted deforestation in 2030 under Scenario 3, which considers perfect 

enforcement of Brazil nut concessions. 
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5. Discussion 

 

5.1 Trends in Historic Forest Loss 

An encouraging result was the overall decrease in the rate of deforestation across the study 

area between the years 1999 to 2011. As expected, the Interoceanic Highway region showed 

the highest rate of forest loss as there are no restrictions on forest clearance in these areas. 

Kamiowitz et al. (2002) found that areas designated as colonization zones were 80 percent 

more likely to experience deforestation. Following the 2000 introduction of the concession 

system there was a decrease in the rate of deforestation in the Permanent Production Forests 

– with the exception of timber concessions which, near Iberia, contain areas of overlapping 

agricultural titles that are currently in dispute (Michaelson et al., 2013).…………………… 

 

The rate of deforestation within Brazil nut concessions declined in the 1999 to 2011 period at 

a rate faster than the forests in the Interoceanic Highway region, which supported OSINFOR’s 

belief that the presence of Brazil nut concessions had slowed the rate of deforestation in the 

forests surrounding the Interoceanic Highway. This result also supports the work of Nunez et 

al. (2012) who found that areas designated as Brazil nut concessions presented an inhibitory 

effect on forest loss.  An unexpected result was that Brazil nut concessions showed the highest 

rate of deforestation within the Permanent Production Forests. This could be due to the 

underlying motivations of individual agents, some of which emerged in interviews, or due to 

their proximate location to the interoceanic highway and alternative, more competitive, land 

use.  

 

The historic rates of forest loss are unlikely to be representative of the levels of forest loss 

which followed the 2011 completion of the Interoceanic Highway. There exists a fundamental 

dilemma when attempting to model land cover based on historic trends to simulate future 

scenarios, which is that the past occurs in a different social and political context that is unlikely 

to be representative of the future. For example, none of the projections produced by models 

in recent years accurately predicted the 2004 to 2012 84 percent decline in the deforestation 

rate of the Brazilian Amazon (Dalla-Nora et al., 2014).  
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5.2. Perceived Underlying Drivers of Deforestation in Brazil Nut Concessions 

 

5.2.1 Economic Drivers of Forest Loss 

Brazil nuts command a reasonable price when traded as an international commodity, but 

locally the value chain has been redistributed against the concessionaires due to the 

processing factories monopolising the purchase of Brazil nuts. In the past, concessionaires 

were able to sell shelled nuts at a profit approximately 2.5 times higher than unshelled nuts 

(Nunes et al., 2012). Processing factories will now only purchase unshelled nuts due to 

tightening of European Union and United States legislation on import levels of aflatoxins and 

the majority of concessionaires lack the infrastructure and capital to process the nuts 

themselves. Bolivian import nuts have also flooded the local market and contributed to 

greater inter-seasonal price uncertainty among Peruvian producers. In 2005 this meant that 

many concessionaires made no profit from Brazil nuts. Kamiowitz and Angelsen (1998) 

concluded that motivations to deforest tend to be greater when rural wages are lower. 

 

The Brazil nut associations recognised that low income was a motive for concessionaires to 

clear forest as Brazil nuts cannot compete with alternative non-forest land uses such as 

infrastructure and agriculture. There are high management costs of owning a concession with 

relatively marginal and unpredictable profits. The high levels of resource theft, invasion and 

compliance with the concession terms are also costs the concessionaire must assume. 

Duchelle et al. (2012) found that communities in Madre de Dios felt compliance with the law 

was time consuming and expensive due to bureaucracy. Escobal and Aldana (2003) found that 

76 percent of Brazil nut gatherers in Madre de Dios were in poverty, based on Peru’s measure 

of Unsatisfied Basic Needs, and that 95 percent of households would remain in poverty if they 

relied solely on Brazil nuts for income. While the majority of concessionaires also extract 

timber, this is done predominantly through agreements with timber companies who pay a 

small percentage (10-20 percent in this study) to the concessionaire, extract at non-

sustainable levels and may damage the Brazil nut trees in this process (Guariguata et al., 

2009).  
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The income from Brazil nuts was consistent with other studies, Wunder (2001) reported US$ 

7 ha-1 yr-1, Campos (2006) US$ 8-10 ha-1 yr-1 and Kirkby et al., (2010) US$ 6 ha-1 yr-1 for 

unshelled production (Nunez et al., 2012).  Nunes et al., (2012) found that with an investment 

of US$ 14-17 ha-1 certified production could be introduced which would approximately triple 

the rent of Brazil nuts. NTFPs have been heralded as a potential win-win for biodiversity 

conservation and poverty alleviation (Arnold and Perez, 2001), but this may only be possible 

where the net present value of sustainable stewardship is greater than the opportunity cost 

of foregone alternative land uses (Nepstad et al., 2009). In some cases, the local management 

of sustainable timber or multiple forestry systems has proven more effective than protected 

areas in maintaining forest cover (Ellis and Porter-Bolland, 2008). Brazil nuts are a NTFP with 

the potential to provide a sustainable income to over 1000 families in Madre de Dios, yet this 

is currently not possible due to low incomes and high maintenance costs combined with lack 

of available credit. 

5.2.2 Policy and Institutional Drivers of Forest Loss 

By law, once a concessionaire has a concession their tenure is secured for the duration of the 

contract period if they comply with the legal requirements of owning a concession. Peña 

(2010) identified three problems with the way Brazil nut concessions were designated, (1) 

concessions were awarded on top of titled agricultural land (2) concessions were awarded on 

top of agricultural land which was not titled, but the owner had the right of possession, and 

lastly (3) agricultural land with no title has occurred on areas which had been previously 

awarded a concession (Peña, 2010). Occurrence of the latter in the interviews with 

concessionaires was attributed by concessionaires to invasion of landless migrants into 

concessions which creates a problem due to the complex and conflicting policy and 

institutional arrangements at regional level. While concessionaires can face fines if they do 

not denounce invasions to OSINFOR, the legal avenue for concessionaires to remove illegal 

invaders is report them to the DRFFS and assume the cost of paying the police to remove the 

invaders themselves. Peña (2010) found that the DRFFS had told concessionaires that illegal 

clearing of forest by invaders was outside of their responsibility and referred concessionaires 

to the police, which is incorrect as the DRFFS is the authority responsible for initiating legal 

proceedings against any infraction of the Forest Law. In essence, the cost of enforcement is 

placed on the concessionaire due to institutional failure. 
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Invaders may illegally cut down Brazil nut trees as where they can prove that the land they 

have cleared has no Brazil nut trees they may be illegally awarded an agricultural title by the 

state entity in charge of the titling of rural areas, Dirección General de Asuntos Ambientales 

Agrarios.  The legal solution for a concessionaire to remove invaders is to anticipate invasion 

and record the coordinates of Brazil nut trees to prove the existence of the trees prior to the 

anticipated invasion. In this way the system works against the concessionaire and may 

encourage boundary deforestation to deter invaders, even at the risk of a fine from OSINFOR. 

Duchelle et al., (2012) applied a regional strengths, weaknesses, opportunities, threats 

analysis on integrated management within concessions and reported that government 

agencies and NGOs in Madre de Dios pointed to weak policy consisting of inappropriate 

legislation, excessive bureaucracy, land tenure uncertainty and a lack of enforcement of 

concessions (Duchelle et al., 2012).  

 

5.3. Proximate Drivers of Forest Loss 

 

5.3.1 Proximity to Previous Deforestation 

The strongest predictor of deforestation within all land authorisations was distance to 

previous deforestation. This effect was strongest in Brazil nut concessions, which suggests 

that those which are close to or contain deforestation face the greatest threat of future 

deforestation. Assessments of proximate causes of forest loss in Bolivia found that distance 

to previous deforestation can be the strongest predictor of future deforestation in a region 

(Forrest et al., 2008). Other authors exclude this variable from their analysis, pointing to a 

confounding effect on other independent variables which can lead to issues of 

multicollinearity (Müller et al., 2012).  

 

5.3.2 Proximity to Roads 

Roads were the second highest explanatory variable in all regions with the exception of Brazil 

nut concessions. Roads were the weakest predictor of deforestation within Brazil nut 

concessions but the analysis would have been improved by accounting for the many 

unmapped roads present within these concessions.  It is possible the Brazil nut concessions 
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had low rates of deforestation along the access roads during the study period. Escobal and 

Aldana (2003) asserted that the construction of roads into Brazil nut concessions represents 

‘resource protection activity’ as increased access to sustainable products may lead to a 

concurrent decrease in non-sustainable activities. Equally, roads could also increase profits of 

unsustainable products. Further study would be required to understand the effect of 

increased income from sustainable products due to improved access on deforestation in 

concessions.  

 In timber concessions the presence of roads were shown to increase the probability of 

deforestation up to a distance of 250 metres, which could be strongly influenced by the 

designation of agricultural titles overlapping timber concessions to the west of Iberia (Chávez 

Michaelsen et al., 2013). Roads lessen the distance to markets, increase access to remote 

areas and facilitate the transportation of heavy machinery and their presence is a causal 

factor of forest loss worldwide (Chomitz, 1996). Kaimowitz and Angelsen (1998) found 

proximity to roads to be the most robust predictor of deforestation and frontier expansion. 

Oliveira (2007) found that 75 percent of forest damage in the Peruvian Amazon was detected 

within a 20 kilometres distance from the nearest road. Indeed, many studies have shown that 

roads and associated infrastructure are primary causes of deforestation (Laurance et al., 

2001; Nepstad et al., 2001). 

  

5.3.3 Proximity to Rivers  

Rivers were the second strongest predictor of deforestation in Brazil nut concessions. In the 

study area, rivers are still a major transport route in the extraction of forest products, 

particularly where secondary roads are still of poor quality and transport to market is 

downriver. Laurance (2002) excluded rivers < 1 kilometre in width and did not find any 

significant relationship between deforestation and access to navigable rivers. Pfaff (1997) 

found inconsistent results for the effects of rivers, but that river density had a positive effect 

on deforestation. 

 

In the Interoceanic Highway region, distance to rivers showed a negative relationship with 

deforestation, this result is due to the small representation of this class within the region. The 

opposite would have been expected, as in Peru there exists a perverse incentive to deforest 
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within 50 metres of the river as this riparian margin belongs to the Peruvian Navy, who are 

unlikely to require the land. A person clearing such land may gain the right of ‘possession’ but 

never a private title and they can be evicted at any time, but only by the Peruvian Navy. The 

law’s treatment of the riparian zone in the designation of the Permanent Production Forests 

is unclear.  

 

5.3 The Use of Modelling to Determine Conservation Priorities 

 

The final model was very simple and contained only three spatial predictors, yet the model 

showed that land use authorisations did have an effect on both the rate of deforestation and 

the predictors of deforestation. Furthermore, it suggested that there could be avoided 

deforestation of 10,357 hectares by 2030 if a solution to forest loss is found for Brazil nut 

concessions which could be used as a baseline to measure future conservation efforts, to 

attract funding via avoided deforestation or payment for ecosystem services schemes.  

 

The spatial prediction map is of use to conservation planners as it clearly shows the 

distribution of deforestation predictors and which concessions are the most at risk of future 

forest loss. Priority Brazil nut concessions based on spatial predictors of deforestation would 

be those close to threats to forest cover, such as those which contain previous deforestation 

or are close to roads or rivers. Priority concessions based on underlying predictors would be 

those experiencing invasions and resource theft. The simulations of future deforestation are 

of less practical relevance as they are generated stochastically and are based only on the 

spatial distribution of driving factors and do not consider the influence of any underlying 

factors. 

 

Geist and Lambin (2001) found socio-political factors to be one of the strongest determinants 

of deforestation. Additional predictors based on the motives of the individuals were not 

included in the final model, but the information gathered in the interviews suggests that there 

is considerable scope for developing an agent based model.  Integrating the proximate and 

underlying causes of deforestation into models is a major challenge, but the process may 

present the opportunity to explore concurrent conservation solutions. The spatial probability 
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maps generated by models can be of major use in triage or developing targeted stewardship 

agreements with stakeholders, while understanding the underlying drivers from the local 

perspective could inform both the model and conservation approach.  

 

5.4 Conservation Recommendations  
 

Two major themes to emerge from this study were the need for the sustainable extraction of 

Brazil nuts to be supported by increased income, and that the policy and institutional 

circumstances be redressed in favour of those who rely on the forests for their income. At the 

national level, the Peruvian government must invest in strengthening the capacity of the 

regional authorities to enable them to deal with invasions effectively. While there is a need 

to expand forest clearance to accommodate agriculture and infrastructure, the zoning of land 

use authorisation and existence of forestry regulation also show a respect for the non-market 

public benefits the forests provide. Such regulation must be strengthened with appropriate 

policies that clearly define the status of timber extraction via third parties within concessions 

and the status of invaders. Subsequently, these policies should be monitored and enforced 

by the appropriate authorities.  

 

At the regional level, there should be increased communication and consistency between the 

authorities. Currently the management of concessions, concession infractions and rural land 

designation are overseen by separate bodies. Technological advancements and training to 

assist in the centralisation of all land records would ameliorate problems of overlapping 

designation and land uncertainty. There is a clear need to promote stakeholder dialogue and 

mutual learning between local industries, government authorities, and concessionaires in a 

framework of adaptive co-management. 

 

Investment is needed within the Brazil nut industry to support Brazil nut associations to 

develop infrastructure with which they can add value to the product. This would reduce the 

monopoly of processing factories and redistribute the value chain in favour of the 
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concessionaires. Unpredictable exogenous factors such as the international demand for Brazil 

nuts or tightening of import requirements could compromise the already fragile NTFP 

markets. For this reason, strategies which support income diversification would be 

appropriate and could include proving support for ecotourism, sustainable timber extraction 

and agroforestry. 

 

Investment in achieving certification has the potential to triple the value of the Brazil nut 

harvest (Nunez et al., 2012).  Currently, there are only three associations which are Institute 

for Marketecology and Fairtrade certified. Another source of revenue which could accrue to 

the sustainable management of forests is payment for ecosystem services schemes. Projects 

following this approach could harness the increased income to promote responsible 

stewardship of forests though conservation agreements. 

 

How the forests of the Brazil nut concessions will fare under the increased pressure of a major 

highway will be dependent on a set of complex legislative, political, economic and social 

factors which affect the management of concessions. The spatial model identified threats to 

forest cover, showed the historic rates of forest loss within each land use authorisation and 

revealed areas for priority conservation action. A complex set of institutional and market 

failures were identified through engagement with relevant stakeholders. This study has 

shown that for sustainable forest management to become the most viable land use option 

stakeholder objectives must be understood and accommodated into the policy and market 

environments. The results reinforce the potential of sustainable multiple-use forest 

management to support the conservation of forests while concurrently benefitting the 

livelihoods of those who depend upon them. 
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Appendix I – Map of Land Use Authorisations

 

 

Figure I.1. Map of land use authorisations surrounding the Interoceanic Highway within a 

study area in Madre de Dios, Peru 
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Appendix II - Modelling Approaches Used Under Each Scenario 

 

Figure II.1 Flow chart of the steps involved in modelling each forest cover change scenario 

within Dinamica 
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Appendix III – Classified Forest Cover Maps 1999, 2003, 2005, 2007, 2009, 2011 

 

Figure III.1 Map of 1999 forest cover in the study area of Madre de Dios, Peru. Classified at 

30 meter resolution using Spectral Angle Mapper in ENVI from data gathered from classified 

Landsat 5 images for the year 1999, path/row: 2/68, 3/68. 
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Figure III.2 Map 2003 of forest cover in the study area of Madre de Dios, Peru. Classified at 

30 meter resolution using Spectral Angle Mapper in ENVI from data gathered from classified 

Landsat 5 images for the year 2003, path/row: 2/68, 3/68. 
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Figure III.3 Map of 2005 forest cover in the study area of Madre de Dios, Peru. Classified at 

30 meter resolution using Spectral Angle Mapper in ENVI from data gathered from classified 

Landsat 5 images for the year 2005, path/row: 2/68, 3/68. 
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Figure III.4 Map of 2007 forest cover in the study area of Madre de Dios, Peru. Classified at 

30 meter resolution using Spectral Angle Mapper in ENVI from data gathered from classified 

Landsat 5 images for the year 2007, path/row: 2/68, 3/68. 
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Figure III.5  Map of 2009 forest cover in the study area of Madre de Dios, Peru. Classified at 

30 meter resolution using Spectral Angle Mapper in ENVI from data gathered from classified 

Landsat 5 images for the year 2009, path/row: 2/68, 3/68. 
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Figure III.6 Map of 2011 forest cover in the study area of Madre de Dios, Peru. Classified at 

30 meter resolution using Spectral Angle Mapper in ENVI from data gathered from classified 

Landsat 5 images for the year 2011, path/row: 2/68, 3/68. 
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Appendix IV – Classification Accuracy Assessed Using Google Earth 

Classification accuracy using Google Earth 

 

Table IV.1. Classification accuracy of two classes assessed between 2011 simulated 

deforestation and observed deforestation from 2011 Digital Globe imagery available via 

Google Earth.  

     

Year Class 

 

Number of 
pixels 

Accuracy 
(%) 

2011 Forest  17 100 

2011 Deforested  33 85 

     
     

Appendix V – Brazil Nut Concessionaire Interview Format (translated) 
Brazil nut concessionaire interview format (translated copy). Interviews were semi-

structured, the interviewer recorded the responses. 

 

I. Identification of Concession Holder 

Name 

Place of Birth 

Age 

Name of title of the concession 

II. Concession Information 

What is the designation of the concession?: 

How long have you held the title to the concession?  

a.  How long did it take you to get the title? 

b. Were there any problems with this process? 

c. If yes, can you explain what the problems were?  
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Have you received any type of training or technical assistance to help with the concession 

from the government or an NGO?  

 What is the mode of access to the concession?  

a. road  

b. boat 

c. foot 

d. a combination (explain) 

Have you ever experienced theft of resources, robbery, unauthorised entry or invasion 

within the concession?  

How did you deal with this? Was there a solution? 

 What other activities do you engage in when not in the concession? 

 a. Mining       b. Agriculture    c. Timber Extraction    d. Fishing and hunting   e. Tourism f.  

Commerce   g. Arts and Crafts     h. Others (Explain) 

 

Does the majority of your income comes from within the concession or from other sources? 

III. Economic benefits 

 How much do you believe you have made from your concession last year?  

 How much of each good/product did you extract last year from your concession, in which 

month and how much did you gain from each activity?  

 

Product Quantity In which month How much did you 

earn? 

Brazil nut  

 

  

Wood  
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Agriculture  

 

  

Other  

 

  

 

How have the prices of these goods/products changed in the last five years? 

Product The Price has 

increased  

The Price has 

decreased  

The price stayed the 

same 

Brazil nut  

 

  

Wood  

 

  

Agriculture  

 

  

Other  

 

  

 

What is the most profitable product from your concession 

 Can you name any events or changes which have affected the Price of concession products?  

How have these events and changes in price affected the way in which you manage your 

concession, or the products which you select to extract? 

What is the motive for dedicating an area of your concession to agriculture? 

 a. do you sell these products?  

 

Which of the following do you keep in the concession and how many?  
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Type How Many 

Cattle  

Fish Farm  

Chicken Farm  

Other  

 

b. Have you received any technical assistance or help from the state or other NGO to realise 

these activities? 

c.    How many hectares of metres are occupied by the agriculture or animals? 

Do you possess the following? 

a. Chainsaw 

b. Wood saw 

c. Car 

d. 4x4 

e. Boat 

f.  Boat motor 

g. Motocar 

h. Bike 

Size of concession (in hectares) 

How much time are you in your concession each year? 

IV Organization 

 Are you a member of a Brazil nut association?  

Which? 
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Appendix VI –Brazil Nut Association and OSINFOR Interview Format (translated) 

Brazil Nut Association and OSINFOR interview format (translated copy) 

 

Can you tell me about deforestation within Brazil nut concessions? 

Have you observed deforestation within Brazil nut concessions, generally, what size and 

how frequently? 

Are you aware of any laws regulating deforestation within Brazil nut concessions? 

In your knowledge, are Brazil nut concessions enforced and are they visited regularly? 

In your knowledge, are there any penalties when the terms of the Brazil nut concession is 

infringed? 

What do you believe the motivations of those who deforest within Brazil nut concessions? 

What circumstances could lead to an increase in deforestation within concessions? 

What incentives would be necessary to see a decrease in deforestation within Brazil nut 

concessions? 
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Appendix VII – Historic Forest Loss Calculated for each Land Use Authorisation 

Table VII.1 Historic forest loss calculated for each time period within each land use 

authorisation in a study area in Madre de Dios 

       

   Forest Loss (ha) 

Time Period 
 1999 

2003 
2003 
2005 

2005 
2007 

2007 
2009 

2009 
2011 

Unregistered BPP  298 239 87 208 189 

Interoceanic Highway  12191 6465 7631 5553 7144 

Brazil Nut 
concessions 

 
3772 2229 1238 1837 1687 

Timber concession  252 320 540 572 626 

Study area  15895 8669 8887 7620 8970 

       

 

Appendix VIII - Final Patch Parameters used in Scenario Generation 

 

Table VIII.1 Final patch parameters used in scenario generation. 

Patch size parameters 

  Expansion Generation 

Mean patch size (ha) 15 15 
Patch size variance (ha) 10 10 

Patch isometry  1.2 1.5 

Percent of Transitions by Expansion 0.4 

 

Appendix IX – Notes From Meeting With OSINFOR (translated) 
Notes from meeting with OSINFOR (translated copy) 

OSINFOR 

Head of Office 

The state has designated Permanent Production Forests (PPF), areas the state has destined 

for wood extraction. 
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They have created concessions to extract wood.  

Agriculture is prohibited, it is only for the extraction of wood. 

There are some areas which have not been designated. 

There are ‘free zones’, such as around Native Communities of Puerto Nuevo and Monte 

Salvado, but the forest belongs to the state. 

It’s rented by the state to the people. 

 In no way the concessions become the property of the concessionaires.  

If the state sees that the activities are not permitted they will remove the concession.   

There are also areas of private property, which are outside of the PPF.  

There can be no private area even for agriculture inside the PPF.  

There are Brazil nut Concessions. 

In the same way the forest still belongs to the state & if they see there are not using it as 

described they will remove the concession & it will return to be undesignated PPF.  

The extraction of Brazil nuts is a culture which is from our ancestors. The designation of 

Brazil nut concessions was determined by the people who collect Brazil nuts to solicit their 

area and pay an amount for the annual harvest.  

DFRRS is the authority in charge of the concessions, before it was INRENA in Lima, but now 

they have transferred the responsibility to the local government so they can devolve the 

power. They have put into law what everyone knows already, i.e. the control, the law, the 

management. OSINFOR does not depend on any ‘Ministerio’ (Ministry). It is an autonomous 

government body. When the DFRRS hade the maps of Brazil nut concession this process was 

very basic and did not include all of the trees from which individuals had been extracting, or 

it included trees which other people had always worked. They made a census of the trees 

which they use, and they did not use GPS, they used topography, and that is why this 

problem happened. They will now have to redo it with GPS.  

OSINFOR supervises once the process of delimiting and awarding the concessions by the 

DFRRS has been completed. They were formed in 2009. OSINFOR do not make the law, they 

just enforce it. They cannot sanction the DFRRS.  

In the Brazil nut concessions, some have small areas for agriculture, some of which are 

authorised if the area existed historically. The state understands many people need to live 

from their concessions. But if concessionaires have cleared a lot of forest for agriculture 
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without permission, this is an infraction of the law. If they have formed the agriculture 

inside an area which they solicited then it is allowed. 

The problem with the Brazil nut concessions is not Brazil nuts, it is the exploitation of 

timber. Concessionaires have Management Plans (POAs) and Complimentary Plans, under 

which they can extract wood from the concessions. This creates a problem as they can take 

wood from anywhere and say it was from their concession.  

A POA is done by a Forestry Engineer, who must locate with coordinates the location of 

each timber tree, the species, the volume of timber, and put this into the POA. This is 

difficult for OSINFOR to monitor, as they go to check a cut trunk. Frequently, OSINFOR find 

the trees are still standing, but they are using their ‘guias’ (extraction permission) to extract 

timber from an area which is not theirs. So the POA is presented to the DFRRS by a 

consultant Forestry Engineer, the DFRRS may go and verify the presence/absence of the 

trees. 

In the worst of the cases, OSINFOR go to check for cut trunks but the trees were never 

there. This is despite the fact the POAs are done by a Forestry Engineer. When OSINFOR 

discover this they will fine both the concessionaire and the Forestry Engineer who 

authorised the POA.  

OSINFOR sometimes find trees have been cut without permission. 

Last year they gave capacitation to the concessionaires. But sadly, they go once the damage 

has been done. They explained the functions of the authorities, the types of infraction, what 

as concessionaires they can and cannot do. They are not technical talks, they are aimed at 

the concessionaires. 

Concession is a contract, both the titular and the state have responsibilities. They can 

denounce invasions but the state might not do anything about it. The police are responsible 

for taking care of those who invade. There is a problem where the authorities are working 

against one another – giving titles to land in concessions but this is illegal.   

What happens is at the end is not their problem, the problem is for the region because the 

same authorities incentivise invasion, in political campaigns – the same thing happened in 
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San Martin, Ucayali. They invade, make a town, and in a political campaign they say they will 

give the town its title. The problem is with the people.  

As the population grows, so there will be more need for land, this is in the whole world. 

People need food & space. There is a contradiction between the forest law and the invaders 

and population growth. If they grow crops they will get more money from the land! If 

papaya farmers invade, they will ask for help from the regional government who gives them 

help to grow their crops there. The state is inviting people to invade, MDD does not have 

economic zonificacion, this is dynamic process – it is always against the forest, it is never in 

the favour of forest. This has happened in PPF before, they can redefine the area of the PPF 

and they have redefined the areas of the PPF.  There have been some redefining of areas 

here in MDD before, because the problem is at the national level.  

Brazil nut concessions have definitely deterred invasion of land, but the principle factor is 

the corruption within the institutions.  
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Appendix X – Declining Probability of Deforestation with Distance   

 

 

 

Figure X.1.  Histogram showing the declining probability of deforestation occurrence with increasing distance from previous deforestation in 

Brazil nut concessions. Sample size (number of occurrences of deforestation within each distance bracket) shown as data labels.  
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