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into networks that could be interpreted by the software (Super Decisions) used so that  options 
for integrating biodiversity for climate change mitigation could be  prioritised using the Analytic 
Network Process (ANP) (Saaty, 1999, 2001). Section Two highlights the bio-economic model 
developed from provincial field-work performed in the department of Santa Cruz, Bolivia. The 
model was designed to improve the understanding of agro-forestry production systems in the 
Province of Guarayos and to simulate the impacts of the implementation of various potential 
policy options for ecosystem conservation. A similar model is currently in development based 
upon field-work performed in the state of Pará, Brazil. However, this model is still under 
construction and therefore results have yet to be finalised. Section Three focuses on the 
development of a statistical analysis and econometric modelling to characterise deforestation 
patterns and to identify explicatory variables of deforestation across Latin America and the 
Caribbean at a national scale. Section Four provides a summary of the analyses performed and 
provides conclusions to the multi-scale approach developed within this document.  
 
In detail, Section one introduces the mathematical network analysis of the present FCMs 
developed in the 1st stakeholder workshops in both Ascensión de Guarayos and Flona Tapajós. 
This analysis confirmed a number of observations; that the central factors described by 
stakeholders during the workshop (deforestation in both cases) were found to be one of, if not 
the most influential and important factor within each network. Further, the analysis also 
identified that the drivers of the systems, as identified by stakeholders, are somewhat divergent 
from those factors identified by the analysis. This analysis and the treatment of FCMs as complex 
systems contributes to a more robust calibration process, supports systematic analysis of the 
maps and permits further analysis of the dynamics of the systems within the FCM (Varela et al., 
2015a).  
 
Further, section one concludes the series of participatory workshops developed in Ascensión de 
Guarayos (Bolivia) and Flona Tapajós (Brazil), with the final workshop giving further voice to 
stakeholders by allowing them develop a series of policy options. In both workshops, a distinct 
group of stakeholders were invited compared to the previous two, with considerably more 
policy makers participating in Santa Cruz de la Sierra (Bolivia) and Belém (Brazil).  Options were 
selected directly from the FCMs of the future (positive scenarios), and were prioritised using 
Analytic Network Process. Further options were selected independently by stakeholders during 
the 3rd workshop. Both sets of options were characterised and voted for by stakeholders to 
identify which options they believed would aid in the provision of biodiversity conservation and 
mitigation against climate change in the region.  
 
Stakeholders in Bolivia prioritised the following three options; technical training, programmes 
to assist subsistence farmers and improving the implementation of land use and building up a 
database as being the most important. These three factors were characterised by stakeholders 
to have high social acceptance, but with moderate-very high costs of implementation, but all 
were considered to be compatible with present legislation. Whereas in Brazil: governmental 
coordination, investment in health and education and programmes to aid integration of 
agricultural and forestry activities were voted as being the most important. These options were 
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found in general to have considerably high social acceptance, with high levels of associated 
implementation costs and widespread compatibility with present legislation.  
 
The results suggest that those policy options selected would receive widespread social 
acceptance, but would not be without costs both economically and legislatively. Further, the 
outcomes of these workshops, and the entire series of workshops developed in both countries 
highlights not only the strength of the methodologies applied, but also the relationships 
developed between ROBIN institutions and local stakeholders.  
 
The bio-economic model (section two) developed based upon data collected from field-work 
performed in the Province of Guarayos (Bolivia) develops an improved understanding of an agro-
forestry system in the Amazonian lowlands of Bolivia, whilst simulating the potential effects of 
policy options on ecosystem conservation and economic income.  
 
The development of the model and simulation of the individual impacts of policy options on 
conservation and income highlighted a number of conclusions. Firstly, whilst considering 
environmental protection and the trade-offs with socio-economic development, the socio-
economic optimal solution for the individual may not be the societal optimal. Further, the 
outcomes of the modelling suggest that the application of policy measures can be duplicitous 
depending upon the farm type and should be context and site specific. On one farm a policy 
could be largely beneficial, whereas the same measure, in the same region, could result in a 
distinct outcome on another; therefore consideration of this should be made before 
enforcement. To conserve forests in regions where deforestation has not already been banned, 
will require high compensation costs and in turn large public expenditure. The development of 
economic, agricultural and nature conservancy policies will need to be integrated and 
coordinated in the future to find synergies and develop a balance of actions for the future 
(Esteve et al., 2015). 
 
The national scale analysis (section three) developed a statistical analysis and econometric 
modelling to characterise deforestation patterns and to identify explicatory variables of 
deforestation across Latin America and the Caribbean at a national scale. The analysis firstly 
demonstrated that countries could be grouped together using two endogenous and 
independent variables, forest cover and deforestation rate. The analysis identified five clear 
clusters in which the 27 countries could be positioned, depending upon their forest cover and 
rate of deforestation. The econometric analysis highlighted that the following explicatory 
variables (total population growth, male and female mortality rates, a corruption metric and an 
instrumented forest cover variable (arable land area metrics, permanent crop area metrics, rural 
population growth, rule of law) could explain a considerable level of the variance (68.2%) in 
deforestation across Latin America and the Caribbean between 2000 and 2010 (Varela-Ortega 
et al., 2015b).  
 
The national scale analysis demonstrates that patterns and drivers of deforestation are subtly 
different across countries, therefore policies developed for conservation or climate change 
mitigation should consider these localised differences. It also highlights that governance, 
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economic and social factors are determinants of these national differences. Using this analysis, 
policy development consideration should not only address the immediate threats of 
deforestation, but should address the diffuse threats and focus upon the development of social 
and institutional mechanisms to support development and conservation.  
 
From this multi-scale analysis a number of patterns have emerged that appear to repeat 
themselves. It appears imperative that for effective conservation of ecosystems that there is the 
provision of cross-ministry and local-national scale governmental coordination. This provision 
appears fundamental, not only to direct coordinated and coherent policies, but also to initiate 
the integration of environmental, agricultural and development policies.  
 
Conservation policies should not only consider immediate threats, but also the diffuse ones too. 
The perceived benefits of technical capacity building and investments in health and education 
have been demonstrated at the local-scale. However, it seems perfectly justifiable to say that 
over a longer period the benefits of such policies would benefit regions and countries as a whole, 
both socio-economically and environmentally. This would therefore, support the idea that the 
most effective policies can improve well-being at a local-scale. 
 
Finally, this analysis has demonstrated that one-size fits all policy options are very unlikely to be 
successful. Policies should be tailored specifically for each farm, province and region, rather than 
one policy per country. It has been repeatedly shown throughout this document and its 
predecessors the heterogeneous patterns of change that affect each local, province and country. 
To achieve such complex, tailored and site specific policy development will require considerable 
governmental consideration and may be highly dependent upon improved multi-scale 
governmental coordination and policy integration. 
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Gaurayos (Bolivia), Flona Tapajós (Brazi) and Chamela-Cuitzmala (Mexico). The second round 
focussed upon the development of future scenarios at these sites and the development of FCMs 
using IPCC based scenarios.  Both D3.1.2 and D3.1.3 have provided a basis for the development 
and implementation of the work herein described in D3.1.4. As agreed amongst ROBIN partners, 
the third and final round of stakeholder meetings was performed in Santa Cruz de la Sierra (the 
case of Guarayos, Bolivia) and Belém (the case of Flona Tapajós, Brazil) for selecting policy 
options. 
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Table 1. Outline of the series of stakeholder workshops performed in the three case study sites of ROBIN 
 Ascención de Guarayos (Bolivia) Flona Tapajós (Brazil) Chamela-Cuitzmala (Mexico) 

PWS3 1st SHW 2nd SHW 3rd SHW 1st SHW 2nd SHW 3rd SHW PWS 1st SHW 2nd SHW 
Date 23rd January 

2013 
30th January 
2013 

18th June 2014 1st July 2015 27th 
November 
2013 

28th 
November 
2013 

3rd August 
2015 

a) 26th January 2013 
b) 28th January 2013 

8th March 2013 22nd/ 23rd 
November 
2014 

Venue Ascensión de 
Guarayos 

Ascensión de 
Guarayos 

Ascensión de 
Guarayos 

Santa Cruz Santarém Santarém Belem a) Hotel Villa 
Purificación, Jalisco 

b) Research Station 
Chamela, Jalisco 

Villa Purificación - 

No of 
Participants 

26 30 27 29 23 26 39 a) 52 
b) 38 

28 42 

Format 1 day 
workshop 3 
groups 

1 day 
workshop 2 
groups 

1 day workshop  1 day workshop 
2 groups 

1 day 
workshop 2 
groups 

1 day 
workshop 1 
group 

1 day 
workshop 2 
groups 

a) 1 day workshop, 2 
groups 

b) 1 day workshop 4 
groups 

1 day workshop 
2 groups 

1 day 
workshop  

Methodology Focus Group Brainstorming 
Card 
Technique 
FCMs 

Brainstorming 
Card Technique 
FCMs 

ANP 
Characterisation 
Voting 

Brainstorming 
Card 
Technique 
FCMs 

Brainstorming 
Card 
Technique 
FCMs 

ANP 
Characteris
ation 
Voting 

a) Focus group 
b) Focus group 

Brainstorming 
Card Technique 
FCMs 

Brainstor
ming 
Card 
Technique 
FCMs 

Main Results Mapping of 
current 
natural 
resources  

Identification 
of factors that 
have 
influenced the 
natural 
environment 
as it is today 

Scenario 
development  
(positive and 
negative) of the 
future state of 
the natural 
environment and 
land use in 
Guarayos in 2050 

Selection of  
options for 
integrating 
biodiversity and 
climate 
mitigation 

Identification 
of factors 
influencing 
the current 
state of 
Amazonia 

Scenario 
development 
of positive 
future state 
of the 
Amazon in 
2050. 
 

Selection of  
options for 
integrating 
biodiversity 
and climate 
mitigation 

a) Identification of 
land use changes 

b) Identification 
governmental 
policies related to 
BD and CC 

Identification of 
factors that have 
influenced the 
present state of 
land use and of 
the environment 
during the past 
50 years. 

Scenario 
developm
ent of the 
desired 
and 
undesired 
future.  

                                                 
3 Preparatory Workshop 
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A brief overview of the case studies of Bolivia and Brazil are herein provided, however a more 
in-depth overview can be found in D3.1.2 (Varela-Ortega et al., 2013). A concise review of the 
results from the previous workshops held in each site is also provided. Further information of 
the workshops can be found in D3.1.3 (Varela-Ortega et al., 2014a) and in the D3.1.3 addenda 
for the case of Mexico (Gerritsen et al., 2015). A timeline of the workshops in each of the ROBIN 
case studies has been provided in Table 1. 
 

2.2.1  Bolivia 
 
Ascención de Guarayos is the provincial capital of the Province of Guarayos, located in the 
eastern Amazonian lowlands of Bolivia in the Department of Santa Cruz (Figure 1). It covers an 
area of over 766,700ha, with more than 25000 inhabitants. The region is extremely rich in 
biodiversity, with extensive areas of protected forests (Reserva de Vida Silvestre Rio Blanco y 
Rio Negro) within transitional humid forests (Amazonia to Chiquitano dry forest).  
 

 

Figure 1. Ascension de Guarayos case study location. 

 
The main production and economic activities are agriculture, livestock rearing, timber trade and 
small-scale manufacturing industries associated with oil palm and handicrafts also present. Due 
to the extractive nature of these activities, the region has an extremely high annual 
deforestation rate (2-6%), with rapid land use changes due to expansion of commercial 
agriculture (soy, rice and maize) coupled with land tenure insecurity, a lack of governance and 
high levels of poverty.  
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Table 1 offers a brief overview of the series of workshops that have taken place in Bolivia as part 
of WP3.1 of ROBIN. A clear succession can be seen from the preparatory workshops, to the 
identification of factors that were effecting the natural environment in the first workshop in 
2013, to the development of positive and negative scenarios of the future state of the 
environment in Guarayos by 2050 in the 2nd workshop in 2014 and finally the selection, 
characterisation and prioritisation of policy options in the 3rd and final workshop in 2015.  
 

2.2.2 Brazil 
 
The National Forest of Tapajós, in the State of Pará, was established in 1974 and covers 
530,622ha (Figure 2). Tapajós is populated by 16 different communities, with the main 
productive activity in the region being agriculture. The inhabitants of the area are classified as 
being low-income, with education levels being especially low.  The main socio-ecological 
challenges in the region are the intensive use of land, agricultural expansion and increased land 
occupations. 
 

 

Figure 2. Flona Tapajós case study coverage and location.  

 
The above factors have resulted in a high rate of deforestation, soil degradation, biodiversity 
loss and increased levels of poverty in the local communities. No preparatory meetings were 
performed in Brazil before the workshops.  
 
Table 1 offers a similar overview of workshops performed in Flona Tapajós, the first workshop 
(November, 2013) identified factors that were effecting the current state of the Amazon, the 2nd 
workshop (November, 2013) developed positive and negative scenarios of the future state of 
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2.3 Contents 
 
This document has been developed to cover, analyse and integrate the multi-scale approach 
adopted in WP3.1. It highlights the results from the 3rd and final stakeholder workshops held in 
Bolivia and Brazil, prioritising policy options selected by stakeholders for biodiversity integration 
in climate change mitigation policy.  At the provincial scale, it delivers the results of the bio-
economic model developed to simulate the potential impacts of policy options on ecosystem 
conservation. At the national scale it characterises and develops deforestation patterns and also 
highlights explanatory factors driving deforestation across Latin America and the Caribbean.  
 
Finally, this document will offer a series of conclusions, potential policy options (developed for 
Bolivia and Brazil) and key messages for policy makers. 
  



Project name (GA number): ROBIN (283093)                                                                                   
D.3.1.4: Identifying options for integrating biodiversity conservation 
and climate change mitigation: A multi-scale perspective. 

                                                                         
 

20 
 

3. Multi-Scale perspective for identifying options for biodiversity and 
climate change mitigation 

 
The multi-scale analysis described within this document and fundamental to WP 3.1 as a whole 
allows for a richer understanding of the problems identified and addressed with ROBIN. This 
document considers the issues of identifying and selection potential policy options for the 
integration of biodiversity into climate change mitigation strategies from multiple perspectives. 
As demonstrated by Figure 3, the identification of options has been developed at three levels, 
local, provincial and national, with the aims of each being subtly different but supporting the 
whole system approach developed within ROBIN. This multi-scale approach allows for 
addressing how human outcomes can affect behaviour through the development of Fuzzy 
Cognitive Maps and Analytic Network Process simulations, the bio-economic modelling at the 
provincial level and with the econometric modelling at the national level demonstrating the 
impacts of socio-economic human variables at each scale.  
 
From this understanding of the impacts of socio-economic and human variables, policy options 
can be considered not solely from a top-down, one-size fits all national perspective, but also 
considered from a bottom-up, highly tailored local viewpoint. This approach further removes 
the possibility of considering results in isolation, but depends upon cross-scale socio-economic 
and ecological interactions which are relevant up and down the scales and are not mutually 
exclusive but may be interdependent.  
 

 

Figure 3. Schematic representation of the multi-scale approach developed and applied in this document 
for option selection for integration of biodiversity for climate change mitigation.  

 
At the local level, stakeholders in Ascensión de Guarayos (Bolivia) and Flona Tapajós (Brazil) have 
been invited to attend workshops with the aim of selecting and prioritising locally specific policy 
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options. The selection of such options followed the development of present and future scenarios 
of the local using Fuzzy Cognitive Mapping, improving the understanding of the present and 
future socio-economic and environmental problems in the area. The use of these scenarios 
(IPCC-ROBIN) adapted to stakeholder visions has addressed the identification of how changes in 
climate mitigation capacity can benefit society as considered by whole system approach of 
ROBIN.  The selection of policy options at this local scale reinforces the participatory approach 
inherent to this WP and ROBIN in general, whilst supporting a bottom-up approach to policy 
selection. 
 
To address the need for the identification of provincial scale options, a regional bio-economic 
optimisation model was employed to simulate the effectiveness of various potential options for 
ecosystem conservation in agro-forestry systems. This analysis can be used to answer the 
question of what are the trade-offs in these systems in terms of ecosystem services and 
disservices. This provincial scale analysis, in concert with the local scale analysis developed and 
applied, can contribute to the understanding of the national scale analysis and demonstrates 
that interactions are present up and down the scales of this analysis. 
 
The national scale analysis considers via the development of econometric modelling the patterns 
and drivers of land use changes across Latin America and the Caribbean. The insights developed 
from this analysis can help to identify whether any higher scale, top-down policies could be 
applied sensitively to groupings of countries without unintentional outcomes. The development 
of deforestation risk categories, based upon explicatory variables of deforestation can be used 
for the grouping of countries and the development of country specific policies that can cater for 
multiple countries.  
 
Finally, the implementation of this multi-scale approach will help to improve the understanding 
and support the systemic approach implemented by ROBIN in identifying how changes in 
policies and management options can affect climate change and land use changes in terms of 
directing the relevance of policy designed based upon the results.  
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4.1.1  Complex Network Examples: Bolivia and Brazil 
 
Bolivia 
 
From Figure 4 and Annex 9.1.1.1 a number of key points can be made in consideration of the 
Bolivian FCM analysed as a complex network.  
 
Pagerank 
The most important factor was identified as the loss of biodiversity, followed by deforestation/ 
clearing. That deforestation is one of the most important nodes (factors) is perhaps little 
surprising considering that it was identified as the central factor of the map (Varela-Ortega et 
al., 2014). The pageranks can be seen in Figure 4, demonstrating their relative scales (blue 
circles) for each node within the network. The importance of loss of biodiversity and 
deforestation are clearly evident. The arrows represent the relationships between nodes, with 
the colour of the arrows representing their relative strength. The bluer the arrow the more 
negative the relationship, with the redder the arrow representing a more positive relationship.  
 
Betweeness  
The results highlight a slightly distinct grouping of factors (nodes) with poverty, illegal logging 
and loss of subsistence agriculture found to be the three most highly measured nodes. This 
demonstrates the importance of this small, connected cluster of nodes in influencing the 
network. 
 
Closeness 
This analysis found deforestation, agricultural expansion and grazing expansion to be the most 
centralised of the nodes.  The identification of deforestation as having the highest measure of 
closeness is perhaps of little surprise considering that it has the second highest pagerank. 
 
Clustering 
The clustering analysis suggests that the most clustered nodes within the network were land 
encroachment, loss of biodiversity, fires and grazing expansion.  
 
In-degree 
The in-degree analysis (the cumulative strength of relationships entering a node) demonstrated 
that contamination, agricultural expansion, loss of biodiversity and deforestation received the 
greatest cumulative incoming relationships. This would suggest that contamination within the 
system is caused by a multitude of different factors.  
 
Out-degree 
Four nodes were identified as the most important driving nodes of the network; deforestation, 
agricultural expansion, grazing expansion and application of the INRA law. This analysis 
demonstrates that the impacts of deforestation on the system are considerable and widespread.  
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The network analysis has identified a number of points, the centrality and importance of 
deforestation to this network, with it repeatedly mentioned in each of the analysed metrics. 
These results support the identification of this factor as the central factor to the system by 
stakeholders. However, this analysis has not only supported the previous analyses, but also 
offers a new insight into fuzzy cognitive maps and potential new methods of analysing the 
systems which they represent.  
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Figure 4. Network analysis of the present Fuzzy Cognitive Map developed in the 1st Stakeholder Workshop in Bolivia 
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Brazil 
 
From Figure 5 and the table in Annex 9.1.1.2 a number of key points can be made in consideration of 
the Brazilian FCM analysed as a complex network. 
 
Pagerank 
The pagerank results for the Brazil FCM present similar results to that of Bolivia, with deforestation, 
loss of environmental services and loss of biodiversity considered the most important nodes of the 
network (factors in the map). These results are clearly evident in both Table 9.1.1.2 (Annexes) and 
Figure 5, which clearly show the scale of the importance of these three factors with respect to others. 
This result supports the definition of deforestation as the central factor to the FCM (Varela-Ortega et 
al., 2014a).  
 
Betweeness  
Deforestation, population purchasing power and infrastructure projects are the nodes (factors) that 
act as the greatest intermediaries in the pathways between other nodes. This suggests that these three 
factors are important in terms of the dynamics within the system, as they are repeatedly involved in a 
number of relationship pathways.  
 
Closeness 
A lack of efficiency in policies for subsistence farming, lack of environmental awareness and lack of 
governmental coordination were found to be the most centralised of the nodes. Initially this may be 
somewhat surprising, until consideration is made of the network (FCM) itself and the 
acknowledgement that these three factors are drivers of the FCM as identified by stakeholders. 
Therefore as drivers, with multiple outward relationships they have considerable influence upon the 
network as a whole, and therefore become centralised within it.  
 
Clustering 
The most clustered nodes within the network demonstrated by the FCM of the present were climate 
change and increase in Amazon population.  
 
In-degree 
The factors which received the greatest cumulative incoming relationships were loss of environmental 
services, loss of biodiversity and infrastructure projects.  
 
Out-degree  
The following nodes were found to be the most important within the network: deforestation, 
environmental monitoring and agricultural expansion. This analysis demonstrates, like that of Bolivia, 
that the impacts of deforestation on the system as a whole are considerable and widespread, far more 
important than agricultural expansion. Interestingly, the second most important node environmental 
monitoring, was to be found negative suggesting it has a dampening effect upon those factors which 
it is linked with. For example, environmental monitoring reduces deforestation, illegal logging and 
forest fires. This suggests that this node is a beneficial factor within the system, aiding in reducing the 
negative aspects of the system.  The results of this parameter are fairly distinct compared to the factors 
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Figure 5. Network analysis of the present Fuzzy Cognitive Map developed in the 1st Stakeholder Workshop in Brazil. 
 



http://www.sciencedirect.com/science/article/pii/S0301479715301298
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Table 2. Characterisation of the options developed by Group 1 during the 3rd Bolivian stakeholder workshop. 

Options 
Who will benefit 

from its 
implementation? 

 
Who should be 

responsible for its 
implementation? 

When should 
it be 

implemented
? 

What level 
of financial 
resources 

does it 
require? 

Is it 
compatible 

with present 
laws, policies 

and 
programmes? 

Does it require 
technical 

assistance? 
 

What level 
of social 

acceptance 
would it 

have? 
 

Compliance with 
Laws to Control 

Production 
Activities 

Indigenous people, 
rural communities 
(campesinos), 
farmers, cattle 
ranchers, (small 
and medium) and 
stakeholders from 
the forestry sector. 

 

ABT (Land and Forest 
Authority), INRA (National 

Institute for Agrarian 
Reform), COPNAG (Centre 

for Native Guarayo 
Villages), Municipal and 

departmental 
governments, federation 

of rural workers 

Short term, 
urgent! 1 year 

(planning 
period) and 

medium term (2 
to 4 years for 

implementation
) 

Very High 
(Urgent need 

to secure 
funding for 

implementati
on) 

Yes Institutional support 
for municipalities, 

which would be the 
stakeholder in charge 

of the 
implementation. 

Advising and capacity 
building continues. 

High 

Facilitation of 
Access to Credit 

Local communities, 
farmers and 

forestry sector 

Finance entities, the 
government, 
cooperatives, 

international assistance 

Based on 
medium-term 
potential ( 2-4 
years old) 

 

Moderate/ 
High 

Yes Property rights, 
planning to identify 

benefits. 
Strengthening 

organizational and 
administrative 

(accounting). Legal 
advice. 

Moderate 

Programs to Assist 
Subsistence farmers 

Subsistence 
farmers and 
cooperatives 

Municipalities (local 
development program), 

EMAPA (Business for 
Assisting Food 

Production), INIAF 
(National Institute for 

Agricultural and Forestry 
Innovation), CIAT ( 

International Centre for 
Tropical Agriculture) 

Immediately Moderate/ 
High 

Yes Capacity building, 
technological 

transfers, 
participatory 

investigations, 
diversity in 
production 

Very High 
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Table 3. Characterisation of the options developed by Group 2 during the 3rd Bolivian stakeholder workshop 

Options 
Who will benefit 

from its 
implementation? 

 
Who should be 

responsible for its 
implementation? 

When should 
it be 

implemented
? 

What level 
of financial 
resources 

does it 
require? 

Is it compatible 
with present 
laws, policies 

and 
programmes? 

Does it require 
technical 

assistance? 
 

What level 
of social 

acceptance 
would it 

have? 
 

Technical Training 

Small and medium 
producers.  Large 

scale producers (with 
intensification of land 

use). 

Municipality, 
COPNAG(Centre for 

Native Guarayo Villages), 
CIAT (International 
centre for tropical 

agriculture), FCA (Faculty 
for Agricultural Sciences) 
(INIAF(National Institute 

for Agricultural and 
Forestry Innovation), 

FEDTCG (Federation for 
Countryside Workers of 

Guarayos) 

Immediately High Yes 

New technologies 
(cusi: native palm 

whose oil is prized for 
cosmetics, biodiesel),  
Integrated production 

systems, 
democratisation of 

knowledge, 
processing factories 

High 

Institutional and 
Political 

Coordination 

Municipality, national 
and departmental 

governments 

Mayor, municipal 
council, state 

government, social 
organisations 

Immediately Moderate Yes 

Training capacity 
building of knowledge 

(laws, management 
institutes) 

High 

Reforestation 
Programmes 

Ministry of the 
Environment, 

Municipality (UDP: 
Productive 

development unit), 
Farmers 

INIAF, ABT (Land and 
Forest Authority), 

UAGRM (Gabriel René 
Moreno Autonomous 

University), APMT 
(Mother Earth 

Authority), 
FONABOSQUE (National 

Fund for Forestry 
Development) 

Immediately High Yes 

Zoning (topoclimatic , 
species). Silvicultural 
treatments, planting 

and nursery 
management . 

Very High 

Monitoring 
program to 

Municipality, 
Farmers, TCO 

(Communal Lands) 

Municipality, 
government, CIAT 

(International centre 
Medium term High Yes 

Availability and 
organisation of 

information( systems/ 
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Options 
Who will benefit 

from its 
implementation? 

 
Who should be 

responsible for its 
implementation? 

When should 
it be 

implemented
? 

What level 
of financial 
resources 

does it 
require? 

Is it compatible 
with present 
laws, policies 

and 
programmes? 

Does it require 
technical 

assistance? 
 

What level 
of social 

acceptance 
would it 

have? 
 

determine the 
potential value of 
natural resources 

 
 

for tropical agriculture), 
UAGRM (Gabriel René 
Moreno Autonomous 
University), ABT (Land 

and Forestry Authority), 
APMT (Mother Earth 

Authority) 

databases), capacity 
building of human 

resources 

 
Moderate 

Definition of 
property rights to 

avoid land 
trafficking 

TCO (Communal 
Lands), rural peoples 

and intercultural 
communities (new 

colonists from 
highlands) 

Municipality, Public 
Ministry, MDRyT 

(Ministry of Rural and 
Land Development), 

INRA (National Institute 
for Agrarian Reform) 

Immediately Low Yes 
Environmental and 

socio-cultural capacity 
building 

Very High 

Diversity in 
incomes to reduce 

poverty 

Small and medium 
farmers 

Municipal and state 
governments, CIAT 

(International centre 
for tropical agriculture), 

MDRyt (Ministry of 
Rural and Land 

Development), INIAF 
(Institute of Agricultural 
and Forest Innovation), 

Government seed 
company, 

Immediately High Yes 

New technology, 
capacity building of 
human resources. 

Diversified productive 
systems. Cost-benefit 

análisis. Integrated 
management (soil and 

wáter) 

High 
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4.4.3.3 Voting of Options and Development of Prioritisation 
 
Following this group characterisation work, the two groups were brought back together, where 
the characterisation processes could be presented to the other group. To conclude the 
workshop each participant was invited to vote on the options, which they felt would be best 
socio-economically, environmentally and for ease of application.  
 
Figures 10- 14 demonstrate the results of the voting performed during the workshop, they 
represent the proportional total of votes given to each option, using the sum of the three 
criteria. From the workshop total (Figure 14) the result of the voting offers one clearly preferred 
and two further preferential options: 

1. Technical Training 
2. Programmes to Assist Subsistence Farmers 
3. Improving the implementation of land use and building up a database 

 
The results of the voting have been broken down into the four different represented stakeholder 
groups (Figures 10-13) and a workshop total (Figures 14). Reviewing these figures, a number of 
general patterns can be noted; firstly that technical training was unanimously voted as the most 
important option. Secondly, that the votes given by scientists and local community members 
follow similar patterns. Thirdly, that votes given by the politicians deviate from the pattern of 
the other three groups, with almost half of the options not receiving votes.  
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Figure 10. Results developed from the votes given by politicians during final workshop in Bolivia. Bars represent the proportional value of votes given to each of the twelve 
options.  

 
Figure 11. Results developed from the votes given by scientists during final workshop in Bolivia. Bars represent the proportional value of votes given to each of the twelve 
options. 
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Figure 12. Results developed from votes given by technicians during final workshop in Bolivia. Bars show the proportional value of votes given to each of the twelve options. 
 

 
Figure 13. Results developed from the votes given by local community members during final workshop in Bolivia. Bars represent the proportional value of votes given to 
each of the twelve options. 
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Figure 14. Results developed from the votes given by all workshop participants during final workshop in Bolivia. Bars represent the proportional value of votes given to each 
of the twelve options and represent the sum outcome of the workshop. 
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Table 5. Characterisation of the options developed by Group 1 during the 3rd Brazilian stakeholder workshop. 

Options 
Who will benefit 

from its 
implementation? 

 
Who should be 

responsible for its 
implementation? 

When should 
it be 

implemented
? 

What level 
of financial 
resources 

does it 
require? 

Is it compatible 
with present 
laws, policies 

and 
programmes? 

Does it require 
technical 

assistance? 
 

What level 
of social 

acceptance 
would it 

have? 
 

Development of 
Technical 
Capacity 

Producers, Public and 
Private Technicians 

from Technical 
Assistance and Rural 

Extension (ATER), 
Technical and 

graduation 
educational 
institutions. 

Technical Assistance and 
Rural Extension 

Enterprise of Pará 
(EMATER); Brazilian 

Enterprise for Research 
and Agropastoralism 
(EMBRAPA); Federal 
Institutions; NGO's 

Immediately High Yes 

New technologies; 
Adapted 

technologies; 
Traditional knowledge 

reused 

Moderate  

Governmental 
Coordination Society in General Public administration, 

organised civil society Immediately Medium No 

 
Application of 

available knowledge; 
Less political 

influence 

Very High 

Investment in 
Health and 
Education 

Society in General Public administration 
and private sector Immediately Very High 

 
Yes 

 

New technologies; 
Available knowledge 
application; Reuse of 

traditional 
knowledge; Training 

of staff 

Very High 

Programmes for 
Forest 

Restoration 

Environmental 
bodies; Producers 
with environmental 
liabilities; 
Government and 
other countries 

Environmental bodies; 
Private initiative; 

Organised civil society 

The following 
year Very High Yes Application of 

available knowledge. 

 
High (society 
in general) 

 
 Low (rural 

sector) 
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Economic 
Valuation of 

Protected Areas 

Government, society, 
international 
community 

Government and 
international 

community; society in 
general 

Immediately High Yes 

 
International support; 

research bodies; 
Technical knowledge; 

Consistent 
methodologies. 

 
 

High/ 
Moderate 

Programmes for 
Payments of 
Ecosystem 

Services 

Farmers, traditional 
communities and 

environmental 
bodies. 

Government; Civil 
society organizations 

(stock exchange); 
Private initiative 

The following 
year Very High Yes 

International support; 
research groups; new 
technologies; Training 
in existing and in new 
methodologies when 

necessary 

Very High (in 
Amazonia) 

 
Low (for 

those Who 
pay) 
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Options 
Who will benefit 

from its 
implementation? 

 
Who should be 

responsible for its 
implementation? 

When should 
it be 

implemented
? 

What level of 
financial 

resources 
does it 

require? 

Is it compatible 
with present 
laws, policies 

and 
programmes? 

Does it require 
technical 

assistance? 
 

What level 
of social 

acceptance 
would it 

have? 
 

Monitoring of 
Water Quality 

and other 
Ecosystem 

Services 
 
 
 
 

of the Environment 
(SEMMA)/Counties;  

Ministry of the 
Environment (MMA)/ 
Ministry of Mines and 

Energy (MME); 
Society; Fishermen;  

Geological Service of 
Brazil (CPRM) - 

Mineral Resources 

Environment 
(SEMMA)/Counties;  
Geological Service of 

Brazil (CPRM); 
Hydrelectrics. 

 
 

The next 5 
years 

committees; Creation 
and improvement of 

laboratories (NET) 

Programmes to 
Aid Integration of 
Agricultural and 

Forestry Activities 

Farmers;  Brazilian 
Forest Service (SFB)/ 

State Institute of 
Forests (IEF);  

Technical Assistance 
and Rural Extension 
Enterprise of Pará 

(EMATER); Brazilian 
Enterprise for 
Research and 

Agropastoralism 
(EMBRAPA);  

Executive Committee 
of Cocoa Farming 

Plan (CEPLAC);  Chico 
Mendes Institute for 

Biodiversity 
Conservation 

(ICMBio);  National 
Institute of 

Citizenship and 

Brazilian Enterprise for 
Research and 

Agropastoralism 
(EMBRAPA)/ Ministry of 

Agriculture, Livestock 
and Supply (MAPA);  
Technical Assistance 
and Rural Extension 
Enterprise of Pará 

(EMATER);  Ministry of 
the Environment 

(MMA)/ Ministry of 
Agrarian Development 

(MDA);  National 
Agency for Technical 

Assistance and Agrarian 
Reform (ANATER);  
Ministry of Social 

Development and the 
Fight against Hunger 

(MDS); 

 
 
 
 

Immediately 

 
 
 
 

Very High 

 
 
 
 

Yes 

 
Staff qualifications; 
ATER / Technical, 

Social and 
Environmental 

Assistance Program 
to Agrarian Reform  
(ATES); Seed banks 

and nurseries; zoning; 
appropriate 
technologies 

 
 
 
 

Moderate 
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Options 
Who will benefit 

from its 
implementation? 

 
Who should be 

responsible for its 
implementation? 

When should 
it be 

implemented
? 

What level of 
financial 

resources 
does it 

require? 

Is it compatible 
with present 
laws, policies 

and 
programmes? 

Does it require 
technical 

assistance? 
 

What level 
of social 

acceptance 
would it 

have? 
 

Agrarian Reform 
(INCRA); NGO's; 

Traditional 
Communities 

Cooperatives/Associatio
ns; Corporate 

Sustainability Index 
(ISE) an Research 

Programmes to 
Develop 

Environmental 
Awareness 

Chico Mendes 
Institute for 
Biodiversity 

Conservation 
(ICMBio);  

Communities. 
Educational and 

Research Institutions;  
Ministry of Education 

(MEC)/ State 
Department of 

Education (SEE)/ City 
Department of 

Education (SME); 
Society in general 

 

Chico Mendes Institute 
for Biodiversity 

Conservation (ICMBio); 
Ministry of the 
Environment 

(MMA)/Ministry of 
Education (MEC)/ State 

Department of 
Education (SEE)/ City 

Department of 
Education (SME); 

NGO's; Educational and 
Research Facilities 

 

 
 
 

Immediately 

 
 
 

High/ Medium 

 
 
 

Yes 

 
Suitable language 

(adaptation); Access 
to  Information and 

Communication 
Technology (ICT); 

Appropriate media; 
Qualified staff. 

 
 
 

High 

 
Support for Social 

Participation in 
Policy 

Development 
 

 
 
 

Local communities, 
society in general 

Organized Civil Society; 
Pará State Public 
Ministry (MPPA)/ 

Federal Public Ministry 
(MPF); Syndicates 

 
 
 

Immediately 

 
 
 

Medium 

 
 
 

Partially 

 
Multidisciplinary 
technical teams; 

Community 
empowerment; 

community 
empowerment 

 
 
 

Moderate 
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4.5.4.3 Voting of Options and Development of Prioritisation 
 
Following this group characterisation work, the two groups were brought back together, where 
the two characterisation processes of the options could be presented to the other group.  
 
To conclude the workshop and to bring an end to the work developed by the stakeholders, each 
participant was invited to vote on the options, which they felt would be best socio-economically, 
environmentally and for ease of application. The stickers they were given were colour coded, 
based upon their stakeholder group; politician, technician, scientist or local community group 
member.  
 
Figures 18-22 demonstrate the results of the voting, they represent the proportional total of 
votes gained by each option, based upon the sum of the three criteria. These results are broken 
down into the four different represented stakeholder groups (Figures 18-21) and a workshop 
total (Figure 22). Reviewing these figures, a number of general patterns can be noted; firstly 
that the voting given by the politicians, scientists and technician resulted in a similar pattern of 
preferred options, with governmental coordination identified as the most preferred option. 
Secondly that the pattern of voting across these three groups is largely homogenous, with the 
options given largely the same proportion of votes with some minor deviations, as can be noted 
in Table 7. Thirdly that votes given by the local community groups members deviate 
considerably from that of the other three groups with investment in health and education voted 
as being the most desirable option of the twelve available. The votes given to this option were 
proportionally higher than for any other option in any other stakeholder group, achieving over 
30% of all votes given. Fourthly that from the results of the voting (Figure 22) there are three 
clear preferred options:  
 

1. Governmental Coordination 
 
2. Investment in Health and Education 
 
3. Programmes to Aid Integration of Agricultural and Forestry Activities  
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Figure 18. Results developed from the votes given by politicians during final workshop in Brazil. Bars represent the proportional value of votes given to each of the twelve 
options. 

 
Figure 19.  Results developed from the votes given by scientists during final workshop in Brazil. Bars represent the proportional value of votes given to each of the twelve 
options. 
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Figure 20. Results developed from the votes given by technicians during final workshop in Brazil. Bars represent the proportional value of votes given to each of the twelve 
options. 

Figure 21. Results developed from the votes given by local community members during final workshop in Brazil. Bars represent the proportional value of votes given to each 
of the twelve options. 
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Figure 22. Results developed from the votes given by all workshop participants during final workshop in Brazil. Bars represent the proportional value of votes given to each 
of the twelve options and represent the sum outcome of the workshop. 
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From Table 7, and continuing the four points previously identified a clear pattern of highly prioritised 
options can be seen across the stakeholder groups and the workshop result. The same options were 
repeatedly identified by stakeholders, and are those ranked as the top three in the workshop total.  
Further options such as Strengthening of Forest Monitoring and Inspections, Programmes for 
Payments of Ecosystem Services and Support for Social Participation in Policy Development were also 
identified within some of the stakeholder groups.  
 
The votes given by the Local Community stakeholders are particularly interesting, from their 
perspective investment in health and education would be the most suitable option, considerably 
different from the other groups that considered governmental coordination. The rationale behind 
such an outcome may be entirely dependent upon the contact that each of these groups has to the 
present situation of the region and in considering the future. Those stakeholders from the local 
community groups may be individuals who are witness to the slow changes occurring in the region, 
therefore the identification of education and improvements in health are vital for improving the 
future, this may be supported by the result that this factor was ranked number two by technicians, 
who may have greater exposure to the local reality.  

Table 7. Results of the voting session from the final workshop in Brazil. The top three options voted for by the 
four stakeholder groups and the stakeholder total are shown.  

 Stakeholder Group Workshop 
Rank Politician Scientist Technician Local 

Community 
Workshop 

Total 
1 Governmental 

Coordination 
Governmental 
Coordination 

Governmental 
Coordination 

Investment in 
Health and 
Education 

Governmental 
Coordination 

2 Investment in 
Health and 
Education 

Programmes to 
Aid Integration of 
Agricultural and 
Forestry Activities 

Investment in 
Health and 
Education 

Programmes 
to Aid 
Integration of 
Agricultural 
and Forestry 
Activities 

Investment in 
Health and 
Education 

3 Strengthening of 
Forest Monitoring 
and Inspections  
 
Programmes to Aid 
Integration of 
Agricultural and 
Forestry Activities 

Strengthening of 
Forest Monitoring 
and Inspections  
 
Programmes for 
Payments of 
Ecosystem 
Services 

Programmes to 
Aid Integration 
of Agricultural 
and Forestry 
Activities 

Support for 
Social 
Participation 
in Policy 
Development 

Programmes to 
Aid Integration 
of Agricultural 
and Forestry 
Activities 

 
 
Further, it was repeatedly mentioned in the workshop of the present situation (Varela-Ortega et al., 
2014a) the importance of a lack governmental coordination, it was so important that it was 
considered a driver in the Fuzzy Cognitive Map developed for the present. For the desired future 
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In conclusion, the workshops were generally well received by the stakeholders and that in both 
Bolivia and Brazil they were widely regarded as being useful. It is clear that workshops provided 
a solid platform for participants to select, characterise and vote for options for biodiversity 
integration to climate change mitigation.  

Encouragingly there were extremely positive appraisals of the utility of the methodology and 
the options selected for development and planning of future public policies. Coupled with this 
interpretation of the utility of the selected policy options is the clear demonstration that the 
work developed within these third, and final workshop could be integrated within the work of 
the stakeholders present.  Further, it also appears clear that these workshops have aided in 
furthering the understanding of the situation in both countries, and encouraging a debate and 
knowledge development for the future.  
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As part of these periods of fieldwork, farmers as well as provincial experts were approached to 
perform one-one, semi-structured interviews; examples of the interviews can be found in 
Annexes 9.2.1 (Bolivia) and 9.2.2 (Brazil). Farmers were asked an array of questions, allowing for 
the development of extensive databases populated with data relating to agricultural metrics, 
including but not limited to; crop yields, prices, fertiliser and pesticides use, transport costs, 
marketing channels, agricultural and land management practices and labour use.  Further, 
farmers were also questioned about their ability to access credit, their perceptions of certain 
farming risks, as well as socio-economic questions relating to their household, including family 
members and education level. Where data was missing or not available from the interviews, 
supplementary reviews of relevant literature as well as reviews of national and provincial 
statistics were performed. The data collected during these fieldworks were used to characterise 
the agricultural and forestry sectors and to define farms and farming type.   
 
The information collected during the field-work formed the foundation of the bio-economic 
models, which was designed for Bolivia and is being designed for Brazil to simulate the efficacy 
of conservation measures and policies. The use of bio-economic models has been previously 
applied to agriculturally driven deforestation processes (Walker, 2003; Börner et al., 2007).  
 

5.3 Bolivia 
 

5.3.1 Fieldwork and Identification of Farm Typologies 
 
The fieldwork was coordinated and performed by members of the Universidad Politécnica de 
Madrid (UPM) and Instituto Boliviano de Investigación Forestal (IBIF) during a two week period 
in November 2013 (see footnote 5). In total, 34 interviews were performed with both farmers 
(31) and experts (3) in the Province of Guarayos, which forms part of the eastern Department of 
Santa Cruz. These interviews were conducted in two of the three municipalities within the 
province; Ascención de Guarayos, El Puente, no interviews were performed in the third 
municipality of Guarayos (Urubichá).  The total coverage of the interviews, including forest area 
was 4509has, which represents just over 0.2% of the provincial surface area. However, 
considering just the agricultural area coverage of the interviews (2082has), the fieldwork 
coverage equates to 3.41% of the agricultural area in the province.  Interviews were performed 
randomly with a range of farmers, who were found to be practicing distinct scales of farming 
from subsistence-large scale, with cultivated areas ranging from less than 1ha, to more than 
500ha.  
 
The information collected from the fieldwork and enriched from a review of the literature and 
national statistics was processed, and farms were grouped together using cluster analysis (Figure 

                                                 
Biodiversidad y cambio climático en la Amazonía: perspectivas socio-económicas y ambientales. Project No.: AL14-
PID-12. UPM Grants for activities with Latin American countries. Universidad Politécnica de Madrid, International 
Relations Office. 
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machinery and clearance and interests pais for loans; Casht-1 : available cash obtained in the 
year t-1 (revenues reinvested in the farm). 
 
The impacts of four policy measures developed to assess their efficacy for ecosystem 
conservation and socio-economic development were simulated. These measures included; a tax 
on carbon emissions, a quota for carbon emissions, a prime for forest conservation and a prime 
for reforestation. The target and type of measure for each of these measures can be found in 
Table 10. The measures were developed to reduce the negative externalities (CO2 emissions) of 
agro-forestry landscapes, whilst increasing the services gained from them (Börner et al., 2007; 
Börner et al., 2014).  
 

Table 10. Simulated policy measures developed for the provincial-scale bio-economic modelling. The 
associated target of each measure is also included.  

Measure Type of measure Target 
Quota for carbon emission 
(5tn CO2/ha) 

Command-and-control To lessen negative externalities from 
agriculture and deforestation. Reducing carbon 
emissions from crop production and forest 
clearing 

Tax on carbon emission 
 (30$/tn CO2 equivalent) 

Economic disincentive To lessen negative externalities from 
agriculture and deforestation. Reducing carbon 
emissions from crop production and forest 
clearing 

Prime for forest 
conservation (950$/ha of 
primary forest) 

Economic incentive To enhance forest-based ecosystem services. 
Keeping land in primary forest when it could be 
converted to agriculture 

Prime for reforestation 
(1175$/ha of secondary 
forest) & Deforestation ban 

Command-and-control &  
Economic incentive  

To enhance forest-based ecosystem services. 
Keeping land in primary forest and converting 
agriculture land in secondary forest  

 
 
The values applied for these different measures were developed based upon considering tax 
implementation in other countries, and testing levels of primes until land use changes began to 
be seen.  
 
To identify the effects of these policies, analysis will be made of their impacts upon food 
production, crop diversity, farm income and CO2 emissions.  
 

5.3.3 Results 
 
The following results are examples of the modelled impacts of the aforementioned measures on 
two of the three representative farm types; small commercial (50ha) and medium/large 
commercial (200ha). Figures 29 and 30 have been designed to compare the impacts of these 
measures upon farm income, crop distribution, CO2 emissions and forest cover in these two 
representative farms. Further, the figures offer a comparison of the current situation in each 
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farm type as of 2013, where no measures have been enforced, a no action (business-as-usual) 
scenario for 2028, and the results of the four measures. Figure 29 demonstrates the results of 
the modelling upon the small farm example, and Figure 30 for the large representative farm.  
Figure 29. The outcomes of the conservation measures applied to the bio-economic model for a 

representative small commercial farm (50ha) in the province of Guarayos, Bolivia.  
 
  

Figure 30. The outcomes of the conservation measures applied to the bio-economic model for a 
representative medium/large commercial farm (200ha) in the province of Guarayos, Bolivia. 
  
Firstly, it is evident from a brief glance at Figures 29 and 30, as well a Table 11, that the impacts 
of the policy measures are distinct in the two representative farms.  
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would be a 3.6% increase in annual crops, and a 13% reduction in forest area in Bolivia, in respect 
to a 2005 baseline.  
 
 
Quota for carbon emission 
 
The impacts of this measure differ greatly between the two representative farm types, with 
considerable effects in the small farm, and limited changes in the large farm. In terms of forest 
conservation, this measure is successful, with it resulting in 20% forest cover, compared with 0% 
in the B-A-U example. This forest conservation is the result of reduced sorghum and rice 
production, with soy still cultivated. The quota has also caused a considerable reduction in 
emissions, but at considerable financial cost, with a 19% reduction of income. On the large farm 
example, the measure has no effect upon forest area, emissions, crop cultivation or income.  
 
Tax on carbon emission 
 
Like the quota, the tax on carbon emissions has distinct impacts upon the two farm types. On 
the small farm, this measure results in no conservation of forests, an almost identical pattern of 
crop cultivation, similar emissions and farm income reduction of 23%. On the large farm, the tax 
results in 6 ha more of forest, small reductions in emissions, but at the cost of 20% of farm 
income.  Further, this tax encourages the movement from only cultivating two crops (soya and 
rice), to the introduction of sorghum, largely at the expense of rice production.  
 
Prime for forest conservation 
 
The provision of a prime for forest conservation, results in zero forest conservation in the small 
farm, identical emissions and almost identical patterns of cultivation compared with the B-A-U 
baseline. However, it does result in a considerable benefit of income, with a 19% increase. On 
the large farm, the results are slightly different; emissions reduce slightly, forest area increases 
by 9ha and the farm income increases by 90%. 
 
Prime for forest reforestation 
 
This measure results in the most dramatic effects for forest conservation in both the small and 
large farm. In the small farm, the implementation of such a measure would result in the entire 
farm being reforested, resulting in considerable reductions in emissions, but at the cost of a 
reduction of farm income of 52%. On the large farm, the payment for reforestation would result 
in a net increase of forest cover of 45ha at equal expense to rice and soy cultivation. However, 
this results in a reduction of 24% of farm income and only limited reductions in emissions.  
 
 
 





Project name (GA number): ROBIN (283093)                                                                                   
D.3.1.4: Identifying options for integrating biodiversity conservation 
and climate change mitigation: A multi-scale perspective. 

                                                                         
 

84 
 

municipalities within the state of Pará (Belterra, Placas and Ruropolis). The fieldwork was 
performed during four phases: 
 

- Phase 1(8th October 2014): interviews performed with 13 farmers from the municipality 
of Belterra. 

- Phase 2 (11th October 2014): interviews performed with 5 farmers in the municipality of 
Belterra.  

- Phase 3 (7th November 2014): interviews performed with 7 farmers in the municipality 
of Belterra. 

- Phase 4 (27th March- 2nd April 2015): interviews performed with 46 farmers in the 
municipalities of Belterra, Placas and Ruropolis. 

 
The geographic distribution of these interviews can be seen in Figure 31, the representative 
coverage of interviews within each municipality surrounding the Flona Tapajós has also been 
highlighted.   
 

 

Figure 31. Distribution of interviews performed as part of the field-work in Brazil. The number of 
interviews performed in each municipality and total area covered in each municipality highlighted. 
Source Martorano (2015), see Annex 9.2.3. 
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The information collected from the fieldwork and enriched from a review of national statistics 
was processed, and allowed for selection of farm typologies for each of the three municipalities 
(Table 12) 
 

Table 12.Farm typologies from the field-work in the municipalities surrounding the Flona Tapajós.  

Farm Type Belterra Rurópolis Placas 
Very Small 
(Subsistence 
 0-10ha) 

1.5ha of cropped area 
(manioc, maize), 8.5ha 
forest  
 
30% of the farms  

  

Small 
 (10-100ha) 

 10ha of cropped area 
(manioc, vegetables), 
15 pastures (no 
livestock), 25ha forest 
 
30% of the farms  

 

Medium  
(100-300ha) 

25ha of cropped area 
(manioc, banana), 25ha 
pastures and small 
livestock, 50ha forest  
 
30% of the farms 

25ha cropped area    
(cacao, rice),  25ha 
pastures and livestock, 
50ha forest 
 
70% of the farms 
 

30ha cropped area    
(fruit trees, black 
pepper, cacao), 20ha 
pastures and 50ha 
forest 
 
100% of the farms  

Large  
(300-2000ha) 

300 ha of cropped area 
(soybean, maize), 300 ha 
forest 
 
40% of the farms  

  

 
From the preliminary analysis of the fieldwork the following key findings have been made: 

- Subsistence farms are located along the Tapajós riverbank. They have the largest (>80%) 
forest area and all logging is legal. 

- Small-medium farms of 100ha (50% cropped area + pastures, 50% forests) are 
predominant due to colonies established in the 70s. Most valued farms are those 
located along the main road (BR 163) Santarém-Cuiabá  

- Trend to single crop cultivation (soybean) in large farms of more than 300ha. Expansion 
of soy is taking place on abandoned pastures and not on newly deforested areas  

-  Farmers have access to social programs, but most do not have property rights and 
therefore, cannot benefit from credit lines  

 

5.4.2 The Bio-economic Model 
 
The next step of this work is to develop and implement a bio-economic model for Brazil, similar 
to Bolivia and simulate the impacts of a number of potential policy options. This model is in the 
process of being developed, following a similar structure to that of the model of Bolivia. 
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6. National Level Analysis 
 

Climate change is a major threat to human and natural systems, with its insidious impacts to 
ecosystem functionality and services widely noted (IPCC, 2014). Tropical deforestation is 
increasingly recognised for the importance it plays in not only driving climatic changes, but also 
for potentially mitigating it. An estimated 11-17% of global greenhouse gas emissions originate 
directly from deforestation, forest degradation or other land use changes, largely occurring in 
tropical or sub-tropical regions (Baccini et al., 2012 and Harris et al., 2012). This deforestation 
not only contributes to emissions through the break-down of organic material, but it also 
reduces the capacity of forests as terrestrial carbon sinks and has dramatic effects upon 
biodiversity (Peres et al., 2010 and Pereira et al., 2012). Forest conversation and management 
offers a strategy for climate change mitigation, with Smith et al. (2014) highlighting the 
potentially vital role that reduced deforestation could have in avoided emissions, estimated to 
be around 1.4PgC yr-1 (Houghton et al., 2012). 
 
Latin American and Caribbean forests have been subject to extensive deforestation; between 
1990 and 2010 Ecuador saw a 28% reduction in forest, Paraguay 16% and Brazil 10% (FAO, 2010). 
The direct causes behind such extensive land use changes, in particular deforestation, can be 
attributed to conversions due to agricultural expansion, infrastructure development and timber 
extraction (Geist and Lambin, 2002). The drivers behind these relatively local-scale causes are 
more extensive in terms of both their sources and the scale of their effects. The underlying 
drivers of deforestation can be largely categorised into economic, governance and policy, social 
and biophysical factors.  However, as no two countries are the same it is vital to identify the 
drivers of change in each country, as well as to consider whether patterns of deforestation can 
be identified across countries. This understanding and contextualisation of deforestation may 
be vital for the development of tailored, applicable and relevant national policies to mitigate 
climate change, conserve biodiversity and to protect ecosystem services.  
 

6.1 Objectives and description of national scale analysis 
 
To respond to these issues, the objective of this higher scale analysis is twofold; firstly, to identify 
explicatory variables which determine deforestation across Latin America and the Caribbean and 
secondly to describe the patterns of deforestation that these variables contribute to developing 
in the region. This work has been at the 11th International Conference of the European Society 
for Ecological Economics (ESEE) 2015 in Leeds (UK) presented (see Varela-Ortega et al., 2015b) 
and is in process of being published. 
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6.3 Results of the Cluster Analysis and Econometric Modelling 

6.3.1 Cluster Analysis  
 
Initial analysis of forest cover and deforestation in the two time periods (2000-2005 and 2005-
2010) across the 27 countries analysed demonstrated that these two variables were exclusively 
independent of each other, as evident from Figure 32. The analysis shows that deforestation 
rate and forest cover are independent factors, therefore highlighting their suitability as 
endogenous variables for the cluster analysis. Despite deforestation being the subject of 
analysis, forest cover was also used to categorise countries.  
 

 

Figure 32. Deforestation and forest cover standardised values in the year 2010 across 27 Latin American 
and Caribbean countries. Red line represents the annual deforestation rate in 2010 (2005-2010) and the 
green line the forest cover area in 2010, both are standardised values.  

 
From the cluster analysis, using both annual deforestation rate (standardised) and forest area 
(%) five distinct country clusters were identified and established; Extreme Risk, High Risk, 
Moderate Risk, Low Risk and Very Low Risk (Figure 33 and Table 13). 
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Figure 33. Country clusters developed from cluster analysis using standardised deforestation rate and 
forest cover. 

 
Countries located within the extreme risk and high risk clusters are those that were considered 
to represent the greatest likelihood of deforestation, with low-medium levels of forest cover 
and high deforestation rates. Countries considered to be subject to moderate risk, were those 
with medium levels of forest cover, but with low-medium rates of deforestation.  Low risk 
countries were those with extensive forest cover and very low (if any) deforestation, whilst those 
counties in the very low risk category had low forest cover, but were found to be reforesting 
(negative deforestation). 
 

Table 13. The results of the cluster analysis, with each of the 27 countries analysed placed within their 
respective cluster. Clusters were developed based upon characterisation and grouping based upon such 
characterisation.  
  

Cluster Countries 
Extreme Risk Ecuador, Guatemala, Honduras, Nicaragua 
High Risk Argentina, El Salvador, Haiti 
Moderate Risk Bahamas, Belize, Bolivia, Brazil,  Chile, Colombia,  

Dominican Republic, Jamaica, Mexico, Panama, Paraguay, 
Trinidad and Tobago, Venezuela  

Low Risk Guyana, Suriname 
Very Low Risk Cuba, Costa Rica, Puerto Rico, Uruguay 
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measures that could be applied in the region to encourage ecosystem conservation on different 
farm types. 
 
The model demonstrated the potential duplicitous outcomes of policies, which can potentially 
result in conflicting impacts on different farm types. On one farm a policy measure could be 
largely beneficial, whereas the same measure, in the same region could result in distinct 
outcomes on another, therefore consideration of this should be made before enforcing specific 
policy measure. Further, the model clearly demonstrated the large compensation costs required 
for conserving forests, which demonstrates the necessity of economic incentives, but at 
considerable public cost. The model has shown two clear conclusions: 1) a suite of policy 
instruments should be made available and applied sensitively to conserve ecosystems. 2) 
economic, agricultural and conservation policies need to be integrated and coordinated, with 
appropriate synergies developed and actions balanced.  
 
Finally at the national level this analysis described patterns of deforestation across Latin 
American and the Caribbean, whilst identifying explicatory variables for determining 
deforestation across the continent. This analysis was formulated using a multi-step 
methodology; firstly based upon statistical analysis, cluster analysis and using econometric 
modelling.  
 
From this analysis a number of patterns of deforestation were identified, with clear groupings 
of countries that fall within these distinct patterns made. Interestingly, neighbouring countries 
were often found to be in different groups, demonstrating the complexity of land use changes 
across the continent. There was also clear identification of drivers (including governance, 
economic and social factors) of deforestation across the continent and that these drivers also 
differ between countries, therefore demonstrating the necessity for in-depth consideration and 
analysis of national drivers and causes of deforestation before policies are drafted.  Developing 
institutional and social mechanisms that foster sustainable development, must also implement 
institutional safe-guards that redress the impacts of governance failures. Finally, future policies 
and international initiative should not only consider the immediate causes of land use changes, 
such as agricultural activity, but should consider the diffuse threats and focus upon the 
development of social and institutional mechanisms that will support social development and in 
turn conservation.  
 
From this multi-scale analysis a number of patterns and points have emerged that appear to 
repeat themselves. It appears imperative that for effective conservation of ecosystems that 
there is the provision of cross-ministry and local-national scale government coordination. This 
provision appears fundamental, not only to direct coordination and coherent policies, but also 
to integrate multi- sector policies such as environmental, agricultural and development.. The 
formation of such governmental coordination would be widely supported by the general public.  
 
Conservation policies should not only consider the immediate threats, but also the diffuse ones 
too. The benefits of technical capacity building and investments in health and education have 
been demonstrated at the local-scale. However, it seems perfectly justifiable to say that over a 
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longer period the benefits of such policies aimed at these two factors would benefit countries 
and entire regions as a whole, both socio-economically and environmentally. This would 
therefore, support the idea that the most effective policies can improve well-being at a local-
scale. 
 
Finally, this analysis has demonstrated that one-size fits all policy options are very unlikely to be 
successful. Policies should be tailored specifically for each farm, province and region, rather than 
one policy per country. It has been repeatedly shown throughout this document and its 
predecessors the heterogeneous patterns of change that affect each local, province and country. 
To achieve such complex, tailored and site specific policy development will require considerable 
governmental consideration and may be highly dependent upon improved multi-scale 
governmental coordination and policy integration from multiple ministries. 



http://dx.doi.org/10.1016/j.forpol.2012.01.003
http://www.sciencedirect.com/science/article/pii/S0301479715301298
http://dx.doi.org/10.1016/j.jenvman.2015.06.038


http://lab2.ioz.pwr.wroc.pl/download/AnpSaaty.pdfhttp:/lab2.ioz.pwr.wroc.pl/download/AnpSaaty.pdf
http://lab2.ioz.pwr.wroc.pl/download/AnpSaaty.pdfhttp:/lab2.ioz.pwr.wroc.pl/download/AnpSaaty.pdf


http://www.superdecisions.com/
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9. Annexes 
 
This section presents additional materials from the work carried out and developed within this 
document. 
 

9.1 Supplementary materials of the local scale analysis 

9.1.1 Results of the complex network analysis carried out for 
interpreting FCMs 
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9.1.1.1 Analysis of the FCM of the present: case study of Guarayos (Bolivia) 
 

FCM Factor Pagerank Betweenness Closeness Clustering In_degree Out_degree 
Agricultural Expansion 0.045 0.035 0.222 0.100 1.800 1.750 
Application of forest law 0.022 0.015 0.175 0.000 -0.900 -0.500 
Application of INRA 0.014 0.000 0.203 0.000 0.000 1.400 
Climate change/ droughts and torrential rains 0.025 0.023 0.038 0.000 0.500 0.800 
Compliance with land zoning 0.020 0.000 0.175 0.000 -0.700 -0.200 
Contamination 0.066 0.020 0.038 0.095 2.250 0.100 
Deforestation/Clearing 0.123 0.160 0.260 0.030 1.700 4.700 
Destruction of Environmental Services 0.035 0.000 0.000 0.000 0.900 0.000 
Destruction of pampas 0.035 0.000 0.000 0.000 0.500 0.000 
Fires 0.040 0.032 0.087 0.333 1.400 0.850 
Grazing Expansion 0.018 0.015 0.214 0.333 0.500 1.600 
Illegal Hunting and Fishing 0.041 0.012 0.077 0.167 0.750 0.850 
Illegal Logging 0.026 0.049 0.175 0.000 0.200 0.500 
Illegal Mining 0.014 0.000 0.103 0.000 0.000 0.900 
Immigration 0.026 0.018 0.168 0.000 0.900 0.900 
Inequality of benefits 0.026 0.022 0.130 0.000 0.900 0.900 
Lack of awareness of environmental problems 0.014 0.000 0.051 0.000 0.000 0.500 
Lack of understanding/application and coordination of laws 0.014 0.000 0.203 0.000 0.000 -1.350 
Land encroachment* 0.025 0.018 0.175 1.000 0.500 0.250 
Land trafficking* 0.014 0.000 0.141 0.000 0.000 0.900 
Loss of biodiversity 0.127 0.000 0.000 0.333 1.750 0.000 
Loss of lakes and natural springs 0.028 0.000 0.000 0.000 0.600 0.000 
Loss of subsistence agriculture 0.037 0.040 0.148 0.000 0.900 0.900 
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FCM Factor Pagerank Betweenness Closeness Clustering In_degree Out_degree 
Lower Crop Yields 0.071 0.000 0.000 0.000 1.300 0.000 
Poor administration by community leaders 0.014 0.000 0.119 0.000 0.000 0.900 
Poverty 0.047 0.055 0.179 0.000 0.900 0.700 
Soil Erosion 0.039 0.002 0.038 0.000 1.200 0.500 
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9.1.1.2 Analysis of the FCM of the present: case study of Flona Tapajós (Brazil) 
 

FCM Factor Pagerank Betweeness Closeness Clustering In Degree Out Degree 
Access to Viable Economic Activities and Finance -0.004 0.007 0.096 0.000 -0.900 -1.250 
Agricultural Expansion 0.029 0.010 0.128 0.200 1.125 1.575 
Climate Change 0.029 0.000 0.042 1.000 0.250 0.250 
Communication between institutions and actors during projects 0.011 0.000 0.075 0.000 0.000 0.500 
Deforestation 0.170 0.084 0.125 0.042 1.250 2.125 
Depopulation of rural areas 0.010 0.000 0.000 0.000 -0.500 0.000 
Environmental Monitoring  0.017 0.006 0.125 0.167 -0.825 -1.725 
Financial Aid and Equality 0.012 0.001 0.075 0.000 -0.125 0.750 
Forest Fires 0.068 0.003 0.031 0.500 0.175 0.750 
Forest Products Value 0.042 0.010 0.087 0.000 -1.500 -0.500 
Illegal Logging 0.024 0.005 0.031 0.000 -0.650 0.500 
Illegal Mining 0.011 0.000 0.056 0.000 0.000 0.750 
Incomplete production chain 0.023 0.001 0.075 0.000 0.750 -0.750 
Increase in Amazon Population 0.011 0.000 0.136 1.000 0.000 1.500 
Infrastructure projects 0.024 0.018 0.158 0.200 1.650 1.150 
International interest to conserve Amazon 0.011 0.000 0.087 0.000 0.000 -0.500 
Lack of efficiency in policies for subsistence farming 0.011 0.000 0.164 0.000 0.000 0.600 
Lack of environmental awareness 0.011 0.000 0.169 0.000 0.000 1.000 
Lack of Governmental Co-ordination 0.011 0.000 0.201 0.000 0.000 -1.450 
Lack of protection of traditional forest communities 0.011 0.000 0.075 0.000 0.000 -0.750 
Lack of Public Policy  0.011 0.010 0.087 0.000 -0.750 0.900 
Lack of sustainable development models that include forest 0.018 0.006 0.113 0.333 -0.250 0.000 
Lack of technical training and assistance 0.023 0.000 0.087 0.000 0.750 0.750 
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FCM Factor Pagerank Betweeness Closeness Clustering In Degree Out Degree 
Loss of Biodiversity 0.109 0.000 0.000 0.000 2.000 0.000 
Loss of Environmental Services 0.149 0.000 0.000 0.333 2.250 0.000 
Opportunities to sell environmental services 0.011 0.000 0.087 0.000 0.000 -0.500 
Population purchasing power 0.020 0.025 0.087 0.100 0.000 -0.500 
Pressure from External Actors (agribusiness) 0.009 0.004 0.120 0.000 0.250 0.900 
River Contamination 0.049 0.004 0.063 0.000 2.250 1.500 
Social Organisation and Social Political Participation 0.009 0.007 0.096 0.000 -0.250 0.000 
Technical and Productive Capacity 0.026 0.005 0.087 0.000 -0.250 -0.500 
Technology Supplied For Sustainable Land Use 0.011 0.000 0.136 0.000 0.000 -0.375 
Use of agrochemicals 0.023 0.006 0.056 0.000 0.750 0.750 
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9.1.2.2 Options Characterisation Template 
 

Caracterización de opciones para preservar la biodiversidad y los bosques 
 

Opciones A quién va 
dirigido  

(quién será el 
principal 
afectado/ 

beneficiado) 

Actores 
responsables de su 

aplicación 
(instituciones 

públicas, 
universidades, ONG, 
cooperación, otras) 

Cuándo debería 
aplicarse 

(inmediatamente, 
el próximo año, en 

los próximos 5 
años) 

Necesidad de 
recursos 

financieros 
(muy alto, 

alto, medio, 
bajo) 

Compatibilidad 
con los 

programas, 
políticas y leyes 

actuales  
(sí o no) 

Necesidad de 
apoyo técnico 

(nuevas 
tecnologías, rescate 
de conocimientos 

tradicionales) 

Grado de 
aceptación 

social  
(muy alto, alto, 

medio, bajo) 

1.        

2.        

3.        

4.        

5.        

6        
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9.1.2.3 Option Voting Template 
 

Votación de opciones para preservar la biodiversidad y los bosques 
 

 

Opciones Criterio 
Socio-económico 

 
¿Cuál de las 

opciones aporta 
más beneficios 

sociales y/o 
económicos? 

Criterio 
ambiental 

 
¿Qué medida tiene 

un impacto más 
positivo en el 

medio ambiente? 

Facilidad de Aplicación 
 

¿Qué medida es más fácil de 
aplicar? 

- Menos costosa 
- Más fácil de aplicar con las 

leyes y políticas actuales 
- Necesita menos tecnologías o 

conocimientos previos 
- Más aceptada socialmente 

PUNTU
ACIÓN 
TOTAL 

PRIORID
AD 

 
(Puesto en el 

ranking) 

1.      

2.      

3.      

4.      

5.      

6.      

7.      

8.      

9.      

10.      

11.      

12.      
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9.1.2.4 Pictures of the Workshop 
 

 
Stakeholder introductions 

 

 
Discussing the results from the ANP 

 

 
Characterisation of the potential options 

 

 
Voting for options 

 

 
Participants of the workshop in Santa Cruz, Bolivia 
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9.1.3 Complementary materials from the 3rd SHW in Belém (Brazil) 

9.1.3.1 Agenda of the Workshop 
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9.1.3.2 Option Characterisation Template 
 

 
 

 
III WORKSHOP Projeto ROBIN: PLANO DE TRABALHO - W.P. 3.1: 

   Apresentação de resultados de percepções, mapas cognitivos e cenários na Amazônia: FLONA Tapajós e 
seu entorno. 

Belém, 03 de agosto de 2015. 
 

Caracterização de alternativas para preservar a biodiversidade e a floresta 

Opções 

Quem serão os 
interessados ? 
(Quem será o 

principal 
afetado/beneficiado

) 

Atores 
responsáveis por 

sua aplicação 
(Instituições 

públicas, 
universidades, 

ONG, cooperativas, 
extencionistas e 

outras) 

Quando deveria 
ser aplicado ? 

(Imediatamente, no 
próximo ano, nos 
próximos anos) 

Necessidade de 
recursos 

financeiros (Muito 
alta, alta, média, 

baixa) 

Compatibilidade 
entre os programas, 

políticas e leis 
atuais 

(Sim e Não) 

Necessidade de 
apoio técnico 

(Novas 
tecnologias, 
resgate de 

conhecimentos 
tradicionais) 

Grau de 
aceitação social 
(Muito alto, alto, 

médio, baixo) 

1. 
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2. 
       

3. 
       

4. 
       

5. 
       

6 
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9.1.3.3 Option Voting Template 
 

 
 
 

III WORKSHOP Projeto ROBIN: PLANO DE TRABALHO - W.P. 3.1: 
     Apresentação de resultados de percepções, mapas cognitivos e cenários na Amazônia: FLONA Tapajós e 

seu entorno. 
Belém, 03 de agosto de 2015. 

 
Votação de alternativas para preservar a biodiversidade e a floresta 

 
Opções 

 
Critério sócio 

econômico 
Qual das opções 

traz mais 
benefícios sócio-

econômicos? 

 
Critério 

ambiental 
Que medida 
tem impacto 
mais positivo 

no meio 
ambiente? 

 
Facilidade de aplicação 

Que medida é mais fácil de aplicar? 
- Menos custo 
- Mais fácil de aplicar de acordo com as leis e 

política atuais 
- Necessita de menos tecnologia e conhecimento 

prévio 
- É mais aceita socialmente 

 

 
PONTUAÇÃO 

TOTAL 

 
PRIORIDADE 

 
(Ranking) 

1.      
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2.      

3.      

4.      

5.      

6.      

7.      

8.      

9.      

10.      

11.      

12.      
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9.1.3.4 Pictures of the Workshop 
 

 
Stakeholder introductions 

 
Discussing factors of change in the area 

 
Characterisation of the potential options  

Voting for options 

 

 
 

Plenary session of the workshop in Belem, Brazil 
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9.1.3.5 Report of the Workshop 
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1.  Activities Program 

 

1.1  In The Morning 

 

In a brief opening ceremony, the Communication Center Coordinator (Kurumoto) gave an 

overview about the project and welcomed the participants. The general director of Embrapa Eastern 

Amazon (Adriano Venturieri) gave a warm welcome to all guests and spoke about the importance of 

the project to Amazon. Stressed that the work will help them better understand the importance of the 

region under its current conditions and climate change scenarios. He also congratulated the organizing 

committee for their commitment and leadership for organizing the event in Belém. He thanked the 

participation of those present and gave a special thanks to the visiting researchers and Santarém 

Municipal Secretary for the Environment (Podalyro Neto). Mr. Venturieri emphasized the importance 

of disseminating the results of the ROBIN to support public policies in the Amazon.  

There was a moment when every participant presented him/herself, telling their names and the 

institutions they were representing at the event. 

Following the event, the speaker asked researcher Lucieta to do the opening speech. To support 

the participants' understanding of the ROBIN project approach, the speaker talked about the need that 

the scientific community has to point out indicators showing the extent of the Amazon in scale effect 

of the climate system, where the region's biodiversity is critical in the mitigation of climate changes. 

She commented about authors who point out that species diversity increases towards the tropics 

(Primack; RODRIGUES, 2001), showing that the closer the equator, the smaller the variations in 

climatic conditions (Figure 1) and that is how there is greater biodiversity in equatorial regions. 
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of deforestation risk in Latin and Central America (Extreme Risk, High, Moderate, Low and Very 

Low). It was warned to the importance of identifying the causes and factors that promote deforestation 

in the region, for example at the national level focus on Brazil's Amazon. 

 
Figure 4. Deforestation risk levels in Latin and Central America 

 

About the local cognitive perception studies done during in the I and II Workshop in Santarem, 

it was shown that there is a lot of relationship between the variables, factors and the national and local 

indicators. The results of cognitive maps, were able to identify the main driving forces threating the 

integrity of Flona Tapajós and its surroundings, as well as the important elements and their 

relationships. 

 After the coffee break, Consuelo talked about the analytical process networks (ANP), which 

is a tool to support decision making in the desirable future scenario for the Amazon in 2050. Goals 

and objectives and their use were presented. Considerations about the political differences between 

Brazil and Bolivia were also raised. Each member was asked to have a close look in cognitive maps 

obtained in Santarem, showing that the results of perceptions of the two groups were evaluated 

together and combined to make get to the present time (Figure 5). 
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Figure 10. Result of the vote of the options for forest conservation and biodiversity. 
 
 

2. III Workshop's Closing Time 
 
The event's organization committee thanked the participants for the excellent workday and team 

integration (Figure 11). 
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Figure 11. The team of organizers of the III Workshop thanked the present and some participants 

made their statement about the success of the event. 

 

3. Moment of Accouting Data 

 

After the event, the team continued working to see the results of all voting section and to put the list 

of options in digital media, the result of discussions between the two groups options (Figure 12) 

  

  
Figure 12. Organising team doing the accounting records and the results of votes 

 

Records of members in relaxation times of the group at the end of the event with the reward of 

accomplishment (Figure 13). 
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In Figure 15, we see the moment of accreditation of participants of the event and the opportunity and 
dissemination of products made by artisans of the Maguari Community, in Flona Tapajós. 
 

 
 

Figure 15. Registration and disclosure of the work of artisans in the Community of 
Maguari, in Flona Tapajós 

 
 

6. Results of the Event Evaluation by All Participants 

 

The Commission handed to all participants at the end of the III Workshop questionnaires 

containing a total of 11 questions. 

 

We observe in Figure 16 that 85% of event participants considered the event relevant and that its 

results reflect the reality of the Amazon and Flona Tapajos and its surroundings. It was also observed 

that in Figure 17 which institutions and segments of society participated in the event, in which 31% 

were representatives from the Federal Government and 22% were representatives from Research and 

Educational Institutions, both representing the biggest parcel of the participants. 
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Figure 16. Result of questions contained in the questionnaires relating to ROBIN Project. 
 

 
Figure 17. Institution or segments of society participants. 

 
From all participant, 26 were satisfied with the results of cognitive maps, and 24 agreed with 

the scenarios for Amazon in 2050 (Figure 18). 
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Figure 18. Cognitive maps reflect the present conditions and point evidence on Amazon scenario in 

2050. 

 

The degree of satisfaction (Humômetro) was evaluated and from 40 participants 39 replied 

that they were satisfied, only 1 marked as unsatisfied (Figure 19). 

 
Figure 19. Evaluation result on the mood of the participants at the end of the event. 

 

 The result of the question if each participant was pleased with the vote of the options (Figure 

20), shows that 94% of participants were satisfied, namely the 35 who answered this question, only 

2 subjects (6%) did not agree with the result of the satisfaction of participants of the III ROBIN 

Workshop as the options to ensure the maintenance of biodiversity in the Amazon. 
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 Figure 20. Satisfaction of participants of the Workshop about voting options for the Amazon. 

 

 When asked about the degree of satisfaction with the process used at the meeting for selecting 

options and votes of the participants, 97% of people were satisfied with the methodology adopted at 

the meeting, and 3% said they were not satisfied (Figure 21). 

 

 
Figure 21. Satisfaction of event participants about the process used in ROBIN III Workshop for 

selecting options and votes of the participants. 
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enforcement activities of the evaluation methodology of the stakeholders' perceptions. Also, it is 

worth noting our thanks to the four observers for their attention, commitment and their records of all 

the participatory process throughout the event. We express our thanks to the students who presented 

their work as a poster touring the participants through the results obtained under the Project, as well 

as for our fellow interns from Agrometeorology Laboratory who performed their activities in 

accreditation, delivery microphones to participants during the technical discussions and any support 

during lunch and group work. To the driver of the minibus from Embrapa for his collaboration in the 

hotel's shuttle to Embrapa and vice versa. To the great support from Embrapa's employee Sandoval 

in the preparation of the flower arrangements in the auditorium, support the committee throughout 

the process of organization and completion of activities in the Space Memory of Embrapa Eastern 

Amazon. Finally, our special thanks to the Arboris Group for sharing of the expenses of the event, 

offering the participants a coffee break in the morning and in the afternoon. 
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9.2 Supplementary materials of the provincial scale analysis 
9.2.1  Example of field work interview, Bolivia 

 
ENCUESTA A LOS AGRICULTORES 
 

Nombre: 
Localización de la propiedad: 
Edad:  Educación:   Nº miembros de la familia: Nivel de ingresos:  
Antigüedad en la tierra:  Infraestructuras, saneamiento y carreteras: 
 
1. ¿Cuál es la superficie de su propiedad/tierra? ¿Qué tipos de propiedades/tierras son las más 

frecuentes? (en cuanto a tipo de agricultor, por tamaño y cultivo) 
 

2. ¿Usted tiene la tierra en propiedad o en alquiler? ¿A cuánto está la venta (secano y regadío) en 
Bs/ha? ¿A cuánto está el alquiler en la zona (secano y regadío) en Bs/Ha?  

 
3. Cultivos, ingresos y costes: 

 

Cultivo Superficie 
(ha) 

Fecha de 
siembra y de 

cosecha 
(mes) 

Rendimiento 
(kg/ha) 

Precio 
(Bs/kg) 

Semilla 
(Bs/ha) 

Fertilizante 
(Bs/ha) 

Fitosanit. 
(Bs/ha) 

Maquinaria 
(Bs/ha) 

Mano de 
obra 

(horas/ha) 

1            
2            
3            
4            
5            
6            

 
4. ¿Qué rotaciones realiza usted entre los cultivos? Especificar cultivos y fechas. ¿Tiene segundas 

cosechas? ¿Cultivos asociados (agroforestal)? 
 

5. ¿Cultiva más unos cultivos en un tipo de suelo que en otro distinguiendo entre bueno y malo? 
¿Cuánto pueden variar los rendimientos de tener un suelo bueno a un suelo malo? 
 

6. Cultivos permanentes: costo para producción y año en que entra en producción. 
 

7. ¿Qué hace con sus productos? ¿Cuánto destina para consumo en su hogar? ¿Cuándo y dónde 
vende sus productos? ¿Cooperativas? 
 

8. ¿Tiene usted algún mecanismo para protegerse del riesgo de la cosecha? ¿Cuánto paga por ello? 
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PRODUÇAO AGRÍCOLA 
 

 
Tipo de cultura Superfície (ha) Data de plantio e 

colheita (mês) 
Irrigação? (se é assim a 

técnica) 
    
    
    
    
    
    
    
    

 
- Qual o tipo de solo explorado?  Cultiva mais de uma cultura em um tipo de solo? Como 

classificaria o solo explorado:  bom, mal ou regular. 
 
 
 
- Em sua propriedade você identifica algum processo de erosão do solo, ou seja, aquelas aberturas 
no solo.  
 
 
 
- Como você classifica a sua terra, como bem produtiva, media produção ou alta produção. Qual 

fator garante que você esta correto na classificação ? 
 
 
 
-  As culturas permanentes: custo de colocação no mercado e ano em que entra em produção. 
 
 

 
 

- Que rotação você realiza entre as culturas? Especifique culturas e datas. Você tem segundas 
culturas? Consorciação de culturas? 
 
 

- Onde você comercializa os seus produtos? Cooperativas? Quando você vende seus produtos? 
 
 
- Você já garantiu a produção ou colheita? Quanto isso custa? 
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PRODUÇAO  PECUÁRIA: 
 
ADEPARÁ  
 

TIPO 
DE 

ANIMA
L 

NÚMER
O (2014) 

NÚMER
O (2013) 

NATALIDAD
E 

(2013) 

MORTALIDAD
E (2013) 

COMPRA E 
PROCEDENCI

A DA 
COMPRA 

(2013) 

VENDA 
E 

DESTIN
O DA LA 
VENDA 
(2013) 
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Dados da pecuária 

ANIMAL KG/ANIM
AL  

PREÇO 
(R$/KG) 

SUBSÍDIOS 
DO 

GOVERNO 
(R$/ANIMAL) 

RENDA PELA 
VENDA DO 

ANIMAL 
(R$/ANIMAL

)  

CUSTOS 
COM 

ALIMENTAÇ
AO DO 

ANIMAL: 
(R$/ANIMAL

) 

CUSTOS DA 
MAO DE 

OBRA 
(R$/HORA)  

NECESIDADE DE MAO 
DE OBRA 

(HORAS/ANIMAL) 

OUTROS 
CUSTOS 

(R$/ANIMAL)  
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Dados de produtos da floresta 
 

PRODUTO 
VOLUME DE 

MADERA 
(M3/HA) 

PREÇO 
(R$/M3 DE 
MADERA) 

SUBSÍDIOS 
DO 

GOVERNO 
(R$/ÁRBOL/H

A) 

RENDA 
COM A 
VENDA 
(R$/HA) 

CUSTOS 
PLANTAÇAO 

(R$/HA) 

CUSTOS: 
CORTE 

(R$/HA) 

CUSTO DE 
MAO DE 

OBRA 
(R$/HOR

A) 

NECESIDADES DE MAO 
DE OBRA 

(HORAS/HA/EMPREITA
DA) 

OUTROS 
CUSTOS  
(R$/HA) 
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9.2.3 Technical report of the Brazilian field work 
 

 

 

TECHNICAL REPORT W.P. 3.1  

This work has been funded by the Universidad Politécnica de Madrid: Biodiversidad y cambio 
climático en la Amazonia: perspectivas socio-económicas y ambientales. Project No.: AL14-PID-
12. UPM Grants for activities with Latin American countries. Universidad Politécnica de Madrid, 
International Relations Office 

 

Colaboration: Sérgio Correa (EMATER)  

Hélcio H. de Souza (INPA),  

Norma Beltrão (UEPA)  

Nathalia Nascimento (INPE)  

Eleneide Sotta (Embrapa Amapá) 

Lucieta G. Martorano (EMBRAPA)  

 

 2015  

Amazon, Brazil  
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In Rurópolis there farmer who works as main crop cocoa, but comes every year diversifying 

crops on each property.  

REDD + Projects in the State of Pará - Developed by Imazon, 
Conservation International and the Secretariat of Environment of Pará (SEMA)  

 REDD project in São Félix do Xingu - Developed by The Nature Conservancy and 
the Department of Environment of Pará (SEMA)  

 Ecomapuá REDD project, Ilha do Marajó - Developed by the Ecomapuá Conservation 
Ltda. Company and partners.  

 REDD project Cikel - Developed by Cikel Company.  

REDD + Projects in the State of Amapá - it is a partnership 
between Biofílica Environmental Investments and the Orsa Group, to develop a business model 
based on environmental sustainability concepts, and with a proposed economic exploitation that 
values "standing forest" and contribute to the conservation of region.  

REDD + Projects in the State of Amazonas 
Desenvolvimento Sustentável do Juma - aims to curb deforestation and forest degradation as 
well as their emissions in an area under great land use pressure in Amazonas State  

REDD + Projects in the State of Rondonia and Mato Grosso 
Florestal Surui - aims to curb deforestation and their greenhouse gas emissions (GHG) 
in an area under strong deforestation pressure in the TISS.  
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During the visit to the farmers different crops were identified: cassava, annato, rice, corn, beans, 

peach palm, banana, native papaya, cocoa and pasture. Also, in the farm were identified 8 native 

brazilnut trees which had their fruits collected for consumption and sale of surplus in years of 

high productivity (Figure 1).  

 

Figure 1. Rural Producer showing the peach palm and pumpkins collected in his property.  
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Figure 2. Leadership Project ROBIN / BR, technical CEPLAC and INPA, employees in the 
Project, during the field trip in Rurópolis at the property of Mr. Paraguayan.  
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  B A  

C    D  

  F E  

 

Figure 3. Images of rice crops in Rurópolis (A and B), talk with technicians from EMATER (C), 
interview with dairy and beef cattle producer (D), brazilnut tree (E), reviews of pastures and 
water springs (F), brazilnut fruit (G), cassava flour mill in family farmer (H)  
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Figure 5. The producer explains to the leadership of ROBIN/BR that his property is an 
example to other farmers for its high productivity production system.  

Colleagues of the Executive Committee of the Cocoa Farming Plan (CEPLAC) reported verbally 

that there are 681 producers in Rurópolis covered by the Program. Each producer who received 

funding programs used 4.76 hectares, and 30% of family farmers managed funds (PRORURAL, 

special FNO, PROCERA INCRA and PRONAF).  

The program's goal was to expand Ruropolis areas with cocoa. In 2000 there is about 400 
hectares of cocoa. In 2006 the cultivated area increased to 1,500 ha and in 2014 the program 
reached its target of 5,000 ha planted with cocoa. The producers interviewed expressed interest 
in continuing working with cacao plantations. Farmers said they are selling 1 kg of cocoa for $ 
6.00 (six reais in 2015). During the cocoa harvest season there  
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is often need to contract need for cocoa harvest, the daily and the amount of $ 50.00 
(fifty reais).  

A fact that was highlighted by producers and CEPLAC technicians refers to Cocoa Festival in 

Rurópolis. This was unprecedented and remarkable for cocoa farmers in the municipality. The 

news of that time show that the Festival was attended by approximately 10,000 people 

(http://www.ceplac.gov.br/restrito/lerNoticia.asp?id=1653). The article reports that the advances 

of cocoa plantations in the state, with the expansion of areas and increased productivity were the 

main themes highlighted by the political and rural leaders at the opening of the 11th State Cocoa 

Festival held in Rurópolis in Tansamazônica region, from 15-18 September 2010. The partnership 

of Ceplac with public and private initiatives made possible the realization of these advances, 

allowing the incentive to increase production and industrialization of cocoa in the state, with the 

Pará as the second largest Brazilian producer of cocoa. The theme was: "Expanding the 

agriculture and conquer markets by quality".  

Effective of cattle herd released by Agricultural Census of Brazilian Institute of Geography and 

Statistics (IBGE) from 2010 to 2013 and annual increments of fire based in the (INPE), between 

2000 and 2013. It is worth to note that there was an increase of cattle herd in Rurópolis and 

Placas, but in Belterra and Aveiro they remained very close, indicating that there was no 

expansion of livestock in these two municipalities. The municipality of Rurópolis has the largest 

cattle herd, with 136,626 heads in 2013 (Figure 6). Possibly these hotspots are related to 

renovation of pastures. In addition, it is likely that some of these hot spots are from new open 

areas for cassava crops, corn, pumpkins, beans and watermelon on family farms.  
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Figure 6. Circles indicating hotspots and bar graphs containing the herd number, where 
the colours correspond to the evaluated years (period 2010-2013)  
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In addition to the farms visited records of different patterns of use and land cover (Figure 7) were 

held, documenting with photos and GPS location. It is worth noting that the participation of 

Embrapa Satellite Monitoring has been critical in obtaining the points with images capable of 

being georeferenced. The Figure 7 illustrates different landscape patterns in Flona Tapajos and 

surroundings. Particularly remarkable is the area of CONFLONA jurisdiction, which considers 

a buffer zone of 10 km. To assess differences in terms of patterns among the areas surrounding 

the Flona, the ROBIN project has adopted a zone of 30 km.  

 

Figure 7. Locations visited and georeferenced on the area of influence of the BR 163 and 
Transamazônica, the area of influence, studied by ROBIN Project  




































