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Appendix A. Process by which interviews were set up and conducted in each community  
 
Our introduction to each of the 15 communities we worked in was facilitated by organizations that 
were currently working in these settings. In 9 of the communities, we conducted a participatory 
workshop in 2014 with groups of men and women. These workshops (details in Appendix B) helped 
us to better understand the perspective of communities to inform our interview design. They also 
helped us to build relations of trust with the communities and the organizations. We assessed 
participants’ anonymous feedback of the workshops, which showed that they found them to be fun 
and interesting (average score of 4.8/5), easy to understand (4.7/5), and felt comfortable to share their 
opinions (4.7/5). With these relationships built, we coordinated directly with community leaders in 
2015-16 to request permission to conduct household interviews. Table A1 provides the details of how 
we presented the research to the communities. Of the 16 communities we asked to participate in the 
research, 15 accepted. The one community that did not accept lived inside of a protected area and was 
very upset with the organization that was enforcing the restrictions. 
 
Table A1. Information provided at community wide meetings to introduce the research 

Information Description (translated to English) 
Purpose This research is led by Josie Chambers, a doctoral student at the University of Cambridge in the 

UK, in collaboration with Peruvian conservation professionals Margarita Del Aguila Mejía and 
Raydith Ramírez Reátegui. The overall aim is to understand the implications of how 
organizations try to change the attitudes and behaviors of people in communities across the 
region of San Martín to conserve forests and improve community well-being. There is an 
especially diverse range of work in this region to learn from. We are eager to hear both the 
perspectives of people who are involved in these projects as well as those who are not involved 
in order to better understand both the positive and negative opinions of the effects of the work. 

Timeline The time planned for community and household visits is 11 months (March 2015 - January 
2016), followed by at least a year of analysis. We intend to spend approximately one month in 
each community to visit 18 households for an entire day each to better understand diverse 
perspectives and opinions. 

Planned 
activities 

If the community should accept the work, we have spoken to the community leaders to 
randomly select 18 households to receive a visit on a convenient day. No one is obligated to 
receive a visit and if you do not wish to receive a visit we will select another family. We would 
love to have the opportunity to visit all households but unfortunately we only have a limited 
amount of time in each community. During the day-long visit we will spend the day doing the 
activities you wish to share, and hope to also complete some interviews with both male and 
female household heads about projects in the community, how families manage their farm and 
household, and questions related to motivations and family well-being. Some parts of the 
interview are conducted together with both male and female household heads and some parts 
separately. We expect that the interviews will take around half of the day, and they can be 
completed whenever is most convenient for the family. In order to not economically burden any 
family with our presence, we would like to contribute with food to prepare a breakfast, lunch or 
dinner for each family, according to the family's preference. 

Intended 
results 

We hope that this study helps to organise reflections of local people on the projects carried out 
in San Martin to help make people more aware of the issues with how work is currently done 
and provide a basis for rethinking how these projects can be designed and implemented. 
However, it is very important to emphasise that we do not work directly with any organisation 
that will provide support, funds or new projects. We are completely independent from the 
organisations that work in your community. It is very important to us to keep the information of 
each family confidential, so results will only be shared at an aggregate level with no names 
attached. Thank you for your time; we would be very grateful for your participation so we have 
the opportunity to learn from your perspectives and enjoy a day with your family. 
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Appendix B. Overview of methodologies used in participatory workshops with communities to 
inform the household interview design. 

Three different participatory workshops were designed to cover a range of different topics with 
community groups in project areas to identify relevant variables and inform the development of 
locally appropriate methods to measure them. Each workshop was conducted with separate female 
and male groups in three communities located in very different parts of the San Martin Region. 

Table B1. Participatory workshop 1 methods: resource access and management 
Activity Description Purpose Photo

1. Mapping of 
land use types

Participants identified all major 
land use types in the area and 
their characteristics, including 
distinct types of forest, and 
drew a map of their farms and 
surrounding area

To identify 
relevant land use 
categories and 
understand their 
characteristics

2. Discussion of 
farm activities 
and production 
levels

Participants were asked about 
typical farm activities, their 
seasonality and production 
levels (coffee, cacao, plantains, 
maize, rice, pasture, other 
subsistence crops, and forest 
product use)

To understand 
how people 
typically manage 
their land and 
forests

3. Identification 
and ranking of 
main sources of 
income and 
expense

Participants made a list of all 
sources of income and main 
types of expenses for people in 
their community on two 
separate sheets, and ranked 
(1-5) which ones brought in (or 
cost) the most, and were asked 
to describe the activities

To understand 
the most 
significant 
economic flows 
within 
communities

4. Household 
wealth ranking

Participants were given a pile 
of beans equal to the number of 
households in their community 
and asked to identify the 
number of families in distinct 
socio-economic levels and 
share the characteristics that 
distinguish each group

To understand 
how people 
conceptualise 
the notion of 
‘wealth’

�
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Table B2. Participatory workshop 2 methods: quality of services, food security and wellbeing 

Activity Description Purpose Photo

1. Mapping of 
community 
social and 
ecosystem 
services

Participants drew a map of their 
community and identified all 
social and ecosystem services 
they benefit from

To understand 
which social 
and ecosystem 
services people 
identify and can 
access

2. Ranking of 
services and 
assessment of 
quality

Participants ranked (1-5) the 
most important social and 
ecosystem services mentioned 
from each list generated during 
activity 1, identified their 
perceived quality (bad, regular, 
good) and explained the main 
reasons why

To understand 
how people 
perceive the 
quality and 
importance of 
different social 
and ecosystem 
services

3. Discussion of 
food security 
issues and 
seasonality

Participants discussed what it 
means to be food secure and 
food insecure and identified key 
issues in the community, 
seasonal differences, and why 
some families can cope better 
than others

To understand 
what food 
(in)security 
means, reasons 
for (in)security 
and seasonality 
of issues

4. Presentation 
of families with 
the best and 
worst wellbeing

Participants divided up into two 
groups and each group 
developed and presented a story 
of a family living in the ‘best’ or 
‘worst’ possible situation, 
outlining the main defining 
characteristics, which reality 
families in their community live 
more and why, and what actions 
could improve the situation

To understand 
how people 
conceptualise 
notions of 
family ‘well-
being’ and ‘ill-
being’

5. Discussion of 
community 
quality of life

Participants were asked about 
quality of life in the community 
in general, exploring social, 
political, economic, cultural and 
environmental dimensions such 
as social conflicts and decision-
making processes, and then 
explained how and why quality 
of life across these dimensions 
has changed over time

To understand 
what factors 
play an 
important role 
in community 
well-being

�

�

�

�
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Table B3. Participatory workshop 3 methods: motivations and capacities for actions 

Activity Description Purpose Photo

1. Discussion 
of common 
motivations

Participants were divided into 
groups and asked about common 
motivations for decisions to: 1) 
sell/buy land, 2) pursue livelihood 
activities, 3) buy/consume items, 
4) family planning, 5) do actions 
for social or ecological benefit

To understand 
how people 
express 
motivations for 
different types of 
family decisions

2. Venn 
diagram of 
control over 
decisions

People were also asked to place 
cards with decisions from activity 
1 on a venn diagram (men, 
women, others) to reflect who 
primarily has control over making 
those decisions for the family and 
explain why

To understand 
typical gender 
control over 
various family 
decisions

3. Drawing of 
personal 
future vision

Participants were asked about how 
satisfied they were with particular 
family level outcomes and then 
were asked to draw a picture and 
explain in words the changes they 
would like to see for their houses, 
farms, personal and family lives in 
the future

To understand 
how people see 
their situation 
and express 
different values 
through their 
personal future 
visions

4. Drawing of 
community 
vision

Participants were asked about how 
satisfied or dissatisfied they are 
with various community scale 
social and ecological outcomes 
and reasons why, and then worked 
together to draw a future vision of 
their community

To understand 
how people see 
their situation 
and express 
different values 
through 
collective future 
visions

5. Ranking of 
most 
important 
outcomes

Participants were given a list of 12 
biospheric, altruistic, or egoistic 
outcomes identified through prior 
activities and were asked to rank 
the five most important outcomes 
and the three least important 
outcomes, and explain rankings

To understand 
how people 
make trade-offs 
between social, 
ecological and 
materialistic 
values

6. Capacities 
for achieving 
desired 
outcomes

Participants were asked to identify 
the five most important actions 
they must do to achieve their 
priority outcomes, and how easy/
difficult it is to achieve them and 
reasons why

To understand 
how people 
perceive their 
agency and 
enablers/barriers

�

�

�
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Table B4. Opening, middle and closing activities for all participatory workshops 

Activity Description Purpose Photo

1. Opening 
ice-breaker: 
Marshmallow 
challenge

Participants worked in teams to 
build a stable tower with 
uncooked spaghetti, tape, and 
string to place their 
marshmallow at the tallest 
height possible compared to 
other groups in just 10 minutes

To promote higher 
energy, openness 
and participation 
throughout 
workshop

2. Middle 
energizer: 
Numbers 
challenge

Participants worked in two 
teams to organise numbers in 
the correct order to display the 
number called out by the 
facilitator faster than the other 
team

To promote higher 
energy, openness 
and participation 
throughout 
workshop

3. Closing: 
Feedback on 
workshop

Participants were asked through 
anonymous forms at the end of 
each workshop: 1) how 
interesting and fun the event 
was, 2) how easy it was to 
understand the activities, and 3) 
how comfortable they felt to 
share their opinion, as well as 
their favourite/least favourite 
activities and why

To understand the 
extent to which 
activities were 
enjoyable and well 
understood and 
improve future 
workshop design 
and 
implementation

�

�

�
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Appendix C. Detailed methodologies for collecting and processing explanatory variable data 
 
For each of the major categories of explanatory variables in the deforestation models, variables that 
require additional explanation as to how they were defined, collected and processed are described 
below. Further details on the participatory workshops that informed these decisions are provided in 
Appendix B. 
 
Forest access 
 
Total forest area 
 
The land use mapping exercise in the participatory workshops revealed that across provinces in San 
Martin people consistently recognized three distinct forest types, including: 1) “purma baja”: 
regrowth that is shorter than 5 meters, 2) “purma alta”: regrowth with trees above 5 meters in height 
and in the process of becoming secondary forest (if not already), and 3) “monte alto”: forest that has 
never been cut down or was cut down so long ago that it appears as primary forest. We therefore 
considered all of these forest types in the total measure of forest (in hectares) on smallholders land. 
Table B1 shows the breakdown of forest types across the landholdings of all 270 interviewed families. 
To improve the accuracy of estimates, an entire historical map of the original area of land purchased 
and areas of farm development (including rough year estimates) was developed with each land 
manager during a walking tour of their landholding. This allowed us to use an estimate of total forest 
area in 2010 to use as a predictor for models 3 and 4, which described deforestation during 2010-2014. 

Table C1. Breakdown of forest types across the landholdings of interviewed families 
Variable Definition Range Mean S.D. 
Primary forest 
area 

Total area (hectares) of primary forest across landholdings 0 – 98.3 5.8 13.7 

Secondary 
forest area 

Total area (hectares) of secondary forest (> 5 meters in height) 0 – 30.5 1.3 3.5 

New regrowth 
area 

Total area (hectares) of new regrowth (< 5 meters in height) 0 – 49.5 1.5 3.7 

 
The sensitivity analyses of the models to test the implications of weighting primary forest more 
heavily than degraded forest were informed by a large-scale study in the Amazon that quantified the 
relative biodiversity value of primary, secondary and plantation forests (see Barlow et al. 2007, from 
which we derived a rough estimate of relative values: primary = 1, secondary = 0.6, new regrowth = 
0.3, purchased cultivated = 0.1). However, given the high variability of these estimates by taxa and 
exclusion of ecosystem services and cultural values, we also re-ran each model by weighing primary 
forests even more heavily than this study indicated (primary = 1, secondary = 0.3, new regrowth = 0.1, 
purchased cultivated = 0.1). For all models, the sensitivity analysis demonstrated that increasing the 
weight of primary forests had little overall effect on the power of most explanatory variables, with the 
exception of extrinsic material motivations becoming significant to the level of p<0.05 in both models 
where primary forest was weighted more heavily. 
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Economic and agricultural factors 
 
Wealth PC 
 
Given the difficulty of obtaining an accurate and locally meaningful measure of wealth, a variety of 
visual cues and response data were collected at the household level to develop a more robust indicator 
(see Table C2). Relevant variables were selected through a wealth ranking exercise in the 
participatory workshops conducted prior to all interviews. Community members were given a pile of 
beans equal to the number of households in their community and asked to identify the number of 
families in distinct socio-economic levels and share the characteristics that distinguish each group. 

Table C2. Measures used to develop the wealth principal component 
Indicator Description 
Total annual income Total reported income during past year (in Peruvian Soles; 1 PEN = $0.31 USD) 
House infrastructure Recorded features of house infrastructure (1-5 scale based on visual criteria) 
Household goods Recorded features of household goods (1-5 scale based on visual criteria) 
Household equipment Recorded features of household equipment (1-5 scale based on visual criteria) 
Daily wage labor Total reported number of days worked as wage labor during past year divided by 

the number of working members of the household 
Dependency ratio Number of dependents / number of productive household members 
Recent major loss event 0 = no major loss during past 5 years; 1 = reported major loss during past 5 years 

 
 

 
 
Figure C1. PCA biplot for wealth. The first principal component ‘Wealth PC’ explains 37% of 
variance, with higher overall annual income, better scores on all visual household criteria, and fewer 
days the family worked as insecure daily wage labor.  
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Food security PC 
 
In the initial participatory workshops, participants discussed what it means for them to be food secure 
and food insecure and identified key issues in the community, seasonal differences, and why some 
people can cope better than others. As a result, food security was measured at the household level in 
three different ways, by interviewing both female and male household heads separately (Table C3). 
Responses were averaged and then a PCA was conducted to construct a more robust household food 
security index. In-depth qualitative descriptions were also recorded. 
 
Table C3. Measures used to develop the food security principal component 

Indicator Description 
Food shortage Reported extent of experienced food shortage during the past year (identified 

number of months with difficulties x average number of days/month) 
Dietary quality Reported perception of dietary quality (1-4 scale; 1=lacking many nutrients, 

2=lacking some nutrients, 3=nutritious, 4=very nutritious) 
Psychological security Psychological feeling of food security (1-5 scale; 1=very insecure, 5=very secure) 

 
 

 
 
Figure C2. PCA biplot for food security. The first principal component ‘Food security PC’ explains 
60% of variance, reflecting less food shortage, higher psychological security and higher dietary 
quality, as all of these variables were significantly correlated (note: graph shows reverse orientation 
for this PC). 
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Motivations to conserve forest 
 
The participatory workshops openly explored people’s diverse motivations for managing their land 
and forest. Based on identified motivations, we created a list of common motivations expressed and 
sorted them into different types of motivations according to the environmentalities framework. We 
additionally chose to divide intrinsic motivations into use-oriented motivations, which were more 
self-interested, and moral motivations which were more biospheric/altruistic. Examples of phrases 
reflective of these motivations are provided below. Farmers’ responses to the following open 
questions were used to code the strength to which they expressed each of these five motivational 
categories according to the following scale: 1 = no expression, 2 = weak expression, 3 = medium 
expression, 4 = strong expression, 5 = very strong expression.  
 
Open questions 
1. Do you have plans to expand your farm? 
2. (If so) how many hectares and where (primary forest, secondary forest, new re-growth)? Why?  
3. Have you decided to conserve part of the forest on your land?  
4. (If so) how many hectares and what type of forest (primary, secondary, new re-growth)?  
5. Why do you want to conserve this part? 
6. (In settings where laws are in place) When was this law formed and since when has it been 

enforced? Which of your land holdings and forest types does this law apply to? What is your 
opinion of this law? How does it affect you? 

7. (In settings where incentives are in place) What type of income or benefit, from whom, and since 
when? Why did you receive the support? Would you still want to conserve the forests without 
these benefits? 

8. What types of projects do you think have come as a result of conservation and from whom? Would 
you be less likely to continue conserving your forests if these benefits hadn’t have come or 
stopped? 

9. (In cases where some motivation for conservation exists) How have your values for the importance 
of conserving forests or reforesting on your private land been shaped over time? Did you have 
certain experiences or were certain actors key in shaping them? What was the role of different 
organizations? 

 
Intrinsic moral motivation 
I like having (or would like to have more) forests on my land so that my farm is a nice relaxing place 
The conservation of forests on my land is important to help reduce problems from global climate 
change 
The forests on my land provide important so that wild animals have a place to live 
I feel it is my responsibility to conserve the forests on my land 
 
Intrinsic use motivation 
The forests on my land are important to ensure that the streams I use don’t dry up 
The forests on my land are an important source of food and materials for my family 
The forests on my land are important so I have more fertile soil 
 
Extrinsic material motivation 
My family can obtain more income by not cutting down the forests on our land (e.g. higher price from 
certified products, payments) 
My family receives more livelihood support from organizations because we are conserving our forest 
 
Extrinsic law motivation 
I could go to jail or pay a fine if I cut down forest on my land 
 
Not profitable motivation 
My forest is too high of an altitude to be worthwhile to plant in 
The soil where my forests are located is too rocky to develop 
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Value orientations 
 
Value orientations were determined through a visioning exercise where each respondent 
independently drew their future vision for their family and their community, as well as through two 
interactive scenarios: 1) a hypothetical community where people had to choose a preferred project that 
required trade-offs between personal, communal and ecological outcomes, and 2) a hypothetical 
community where they had decide on fair rules to distribute support among families of varying socio-
economic status (Table C4). These methods were developed and trialed through the participatory 
workshops and by conducting trial interviews. As we conducted these methods with both the female 
and male household head separately, we averaged the significantly correlated male and female 
responses two determine a household score for each of the variables. We also tested in all models 
whether the PCA scores based on only male or female responses were a better fit in the model 
(instead of the combined variable), though this was not the case for any of the models.  
 
Table C4. Measures used to develop the value orientation principal components 

Indicator Description 
Ecological vision Number of ecological outcomes mentioned in personal and community visions 
Material vs. ecological values Whether chose material option (over the ecological one) in trade-off scenario 
Ecological vs. social values Whether chose social option (over the ecological one) in trade-off scenario 
Willingness to donate Appropriate donation amount suggested in community project scenario  
Hoarding behavior Percentage of beans allocated to own family during donation scenario 
Desire to help poor Percentage of beans allocated to the five poorest families during scenario 

 
 

 
 
Figure C3. PCA biplot for value orientations. The first principal component ‘Materialistic PC’ 
explains 23% of variance, reflecting having hoarded more for own family, helped poor less, and 
sought personal gain over social and ecological outcomes in visioning and scenario exercises. The 
second principal component ‘Social-over-eco PC’ explains 20% of the variance, reflecting having 
expressed more pro-social values and less interest in ecological and to some extent material outcomes 
in visioning and scenario exercises (note: graph shows reverse orientation for this PC). 
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Appendix D. Detailed procedure for constructing the deforestation regression models 
 
The following steps were used to construct the regression models using the software R version 3.3.2 
(R Development Core Team 2016): 
 
Examining explanatory variable relationships: A matrix of Spearman’s rank correlation coefficients 
was produced using the “corrplot” function with hierarchical clustering (R library corrplot version 
0.77) to examine relationships between explanatory variables. No two variables had a correlation 
higher than |0.7| and variance inflation factors (VIFs) were additionally calculated using the “vifstep” 
function (R library usdm 1.1-15) to ensure that no collinearity problems existed for the complete set 
of explanatory variables used for each model.  
 
Identifying response variable distributions: The distribution of outcome variables was explored using 
several functions in the fitdistrplus package (R library fitdistrplus 1.0-8). Each distribution was 
visualized using the function “plotdist” and potential candidate distributions were identified using the 
function “descdist”. Possible distributions were compared using the “fitdistr” function, which 
estimates distribution parameters by maximizing the likelihood function, and produces a graph 
showing how well the variable matches values theoretically predicted by that distribution with the 
same estimated parameters. The function “gofstat” (D’Agostino & Stephens 1986) was used to 
compare the goodness of fit between model options. 
 
Identifying key variables and potential interactions: For each model, a Boosted Regression Tree 
(BRT) was constructed to identify the most independently influential predictors for each outcome 
variable and potentially important interaction effects (see Friedman 2001). BRTs can overcome many 
weaknesses of linear regression approaches, since they make no assumptions about variable 
distributions, can identify the presence of non-linear relationships, and can handle a relatively large 
number of moderately correlated predictor variables. The boosted approach overcomes the drawback 
of single tree models, which are highly unstable and susceptible to over-fitting (Elith et al. 2008). 
BRTs were fitted using the “gbm.step” function. Key BRT model outputs, including the relative 
influence of each variable, partial dependence plots for each variable showing non-linear relationships 
to the response variable, and pairwise interaction values, all helped identify important variables and 
potential interactions to test in the regression models, which are capable of determining which effects 
and interactions together explain the most variation, given random effects. 
 
Identifying statistically significant relationships: Following all preliminary analytical techniques 
above, regression models were constructed (R package lme4 version 1.1-14; Bates et al. 2015). Linear 
mixed models (LMMs) or generalized linear mixed models (GLMMs) were fitted, depending on the 
response variable distribution. However, in all cases the variance explained by the random effects 
interviewer and community became essentially zero during the model simplification procedure. More 
straightforward linear models (LMs) or generalized linear models (GLMs) were therefore constructed 
instead. Prior to constructing all models, predictor variables were standardized with a mean of 0 and a 
standard deviation of 1. The procedure for fitting the final models involved first including the most 
important variables determined through the BRTs, and then testing the significance of adding 
additional variables as well as potential interactions identified through the BRTs or of theoretical 
interest one at a time. Variables and interactions were only retained when the more complex model 
resulted in a lower AIC (Akaike Information Criterion) estimate. 
 
Checking model assumptions: Diagnostic plots were created to check the validity of model 
assumptions. The residual versus fitted values were plotted to check the assumption that the error 
terms have a mean of zero and constant variance. Distributional assumptions were tested by creating 
Q-Q plots to compute the theoretically expected value for each data point depending on the 
distribution specified in the model. Due to the potential of extreme outliers to influence model results, 
all models were re-run excluding all values which were > 2.5*IQR (interquartile range), to confirm 
that all significant effects remained so. Model results were only accepted if all of the above 
assumptions were validated. 
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Visualizing model results: To visually interpret model results, Boosted Regression Trees (BRTs) 
containing the final set of significant variables were created to produce partial dependence plots for 
each variable to clearly show effect sizes and nonlinear relationships. Interactions were interpreted by 
graphing the shifts in slope estimates due to the interaction sign in the linear regression models and by 
viewing the BRT three-dimensional partial dependence plots. As BRT models were only used to 
improve and validate the linear regression modeling process, the detailed statistical results are not 
included in the paper. However, the four indicators that explain the largest amount of variance in the 
four outcome variables is provided in Appendix E to demonstrate the consistent findings of both 
modeling approaches. As the statistical modeling results only indicated correlation and not causation, 
qualitative data were essential for informing causal interpretations. 
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Area plan to deforest 2016-2025 

Model 1. Plan to deforest (1) or not deforest (0) (binomial)

Total forest area (18.6%)      Need to expand (14.2%)               Materialistic PC (11.8%)           Social-over-eco PC (8.4%)

Model 2. Area plan to deforest

Total forest area (24.1%)          Wealth PC (14.2%)                     Intrinsic motivation (9.7%)              Market distance (6.9%)

Appendix E. Partial dependency plots for the four strongest predictors of deforestation models using 
Boosted Regression Trees (higher values on the y-axis signify higher probability of more deforestation)

Area deforested 2010 - 2014 

Model 3. Deforested during 2010 - 2014 (1) or did not deforest (0)

Model 4. Area deforested during 2010 - 2014

Total forest area (27.5%)     Area farmed in 2010 (13.6%)             Materialistic PC (12.8%)                 Market distance (6.5%)

      Wealth PC (21.3%)   Total forest area in 2010 (16.6%)                Altitude (15.4%)                     Materialistic PC (10.4%)


