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Abstract: This study explores Non-Timber Forest Products (NTFPs) production and company—
community partnerships with the multinational cosmetic industry. The objectives are to critically
assess: (1) how income generated from market-oriented NTFPs extraction impacts small farmers’
livelihoods; and (2) whether membership in cooperatives linked to such partnerships is a factor in
improved livelihood. Household-level data from 282 surveys conducted in remote communities in
four municipalities in the Northeast region of the State of Para provide empirical insight into NTFPs
extraction and processing activities by smallholder farmers in the Brazilian Amazon. We employ
a spatial econometric approach to assess if engagement in NTFPs extraction and membership in
cooperatives result in statistically significant increases in the overall household income. A series of
spatial regression models are used, including Ordinary Least Squares (OLS), Spatial Autoregressive
Regression (SAR), Spatial Error Model (SEM), Spatial Durbin Model (SDM) and their corresponding
alternative Bayesian models. Our study finds that NTFP extraction and membership in cooperatives
tied to company—community partnerships are statistically significant and result in increases in total
income at the household level. Findings also show that distance to transportation modes and markets
are statistically significant with more distant households earning greater income. This finding
presents challenges for the long-term sustainability of green alternatives to development that rely on
remote, inaccessible environments for the commodities of interest. This is especially pronounced
given the commitment of the Amazonian Nations, and the massive national and international
investments, in the Initiative for the Integration of Regional Infrastructure in South America (IIRSA),
which has as its goal the creation of a multimodal transportation hub to integrate the continent with
global markets and make accessible far reaches of the Amazon.

Keywords: NTFPs; cosmetic industry; company—-community partnership; smallholder extractivists

and farmers; rural livelihoods and income

1. Introduction

The Brazilian Amazon is a biodiverse region with vast carbon sequestration potential.
Concerted development efforts over the last 50 years successfully integrated the region
with the national economy and global markets, and today it hosts one of the world’s most
productive cattle and meat-packing industries and is a source of vast mineral wealth [1,2].
While the Amazon is resource-rich, its resident rural populations continue to suffer from
perennial poverty given their limited access to livelihood opportunities [3,4]. All told,
development came at a high environmental cost as the expanding agricultural frontier
converted an estimated 800,000 km? of forest to fields and pasture [5]. To stem forest
loss, Brazil and other Amazonian nations created vast conservation areas and established
environmental policies that appeared effective, resulting in annual deforestation rates
below historic averages at the turn of the new millennium. Unfortunately, deforestation
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rates are once again edging up as global demand for minerals and agricultural products
intensifies, and in 2019, deforestation was 34% higher than just one year prior [6].

A new wave of infrastructure projects in support of extractive development raises
serious concerns that deforestation will push the forest past its tipping point and trigger
severe negative consequences for the local and global environment [7,8]. As a result,
scientists, environmental activists, international donors, and governmental agencies are all
urgently seeking alternative approaches to the conundrum posed by the need for forest
conservation on the one hand, and economic development on the other [9,10]. Policymakers
and scholars alike agree that the solution resides in sustainable forest management that
enhances the economic, social, and environmental value of forests for present and future
generations [11]. An important strategy in this regard is the commodification of natural
forest goods and ecosystem services, an approach that has been widely applied across
tropical forest regions of the Global South [12]. Of particular interest are community-
based forest management (CBFM) schemes, which are promoted as a viable solution to
conserve forest biodiversity, mitigate climate change, and improve welfare of resident
populations [13-16]. CBFM schemes vary by design, and include certified fair-trade
agreements, agroforestry systems (SAFs), payment-for-ecosystem services (PES) such as
carbon sequestration payment schemes, and, most relevant for the current study, market-
oriented extraction of non-timber forest products (NTFPs).

Many early CBFM-NTFPs in the 1980s and 1990s tended to be top-down endeavors
initiated by State development agencies in combination with agricultural extension tech-
nocrats and environmental NGOs. Despite concerted efforts, these initiatives failed to
lift rural forest dwellers out of poverty, and consequently, were ineffective conservation
strategies [17-19]. The reasons for failure are numerous, including bureaucratic inertia
concomitant with State agencies, limited access to markets and credit opportunities, inade-
quate transportation infrastructure and high transport costs due to remoteness of NTFP
extraction locations, and, most problematic, a lack of training in the management of forest
enterprises [20,21].

A new approach to CBFM-NTFPs has emerged that aims to rectify the failings of
earlier approaches with voluntary, bilateral company—-community partnerships (CCPs)
that reduce bureaucratic entanglements through direct engagement between multinational
companies and smallholder communities [22-24]. Most of these CCPs involve national
and international cosmetics companies (e.g., Natura, L'Oréal, Beraca, Aveda, The Body
Shop, Weleda, O Boticario, L'occitane) that have progressively replaced man-made syn-
thetic chemicals with natural and organic ingredients in the manufacturing of plant-based
products to supply growing consumer demands [25,26]. The flagship design of these CCPs
includes the establishment of local cooperatives, associations or collective microenterprises,
and the provision of technical expertise supported by government agencies (e.g., Embrapa,
Emater) and national and international research institutes and NGOs to provide manage-
ment training as well as the resources and know-how to enable members to scale up their
production and market-centered initiatives [4,27-30].

Through CCPs, advocates see a “win-win” approach for alleviating rural poverty and
ensuring forest conservation, since NTFPs generate income that translates into livelihood
improvements, while the collection of forest products maintains biodiversity with negli-
gible impacts on ecosystem services [4,24,28-30]. In recent years, the Brazilian State and
Federal governments have advanced ambitious public policies for the sustainable devel-
opment of Amazonia that rely on the success of CBFM-NTFPs and CCPs strategies, such
as the National Sociobiodiversity Plan and National Policy on Agroecology and Organic
Production (PNAPO). To support these efforts national legislation and transnational agree-
ments and regulations have been codified (e.g., the Convention on Biological Diversity; the
Cartagena and Nagoya Protocols), and renewed government support and funding have
been directed to NTFP endeavors [31,32].

Nevertheless, the jury is still out as to whether such strategies result in improved
social welfare for the region’s rural population, let alone the sustainable management of
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its valuable biodiversity. Detractors maintain that NTFP-derived incomes are not suffi-
cient to compete against other economically profitable activities (e.g., logging, agriculture,
livestock), and there is overwhelming evidence from ethnographic studies conducted
across the Amazon that peasant farmers and traditional extractivists, including the rubber
tappers in Chico Mendes reserve, are shifting to pasture-based farming systems [33-35].
The present article attempts to shed light on the significance of CBFM-NTFP extraction and
membership in CCP cooperatives to improved social welfare and livelihoods as indicated
by increases in annual household income. To this end, it provides insight from household
level data from field research conducted with peasant farmers living in remote commu-
nities of northeastern Para State where NTFP extraction and CCPs tied to the cosmetic
industry are prevalent. Household level surveys were employed to gather data on small-
holder economic activities, including engagement in NTFP extraction and membership
in cooperatives linked to CCPs. The objectives are two-fold: to critically assess: (1) if
participation in market-oriented NTFPs extraction impacts farmers’ livelihoods, measured
in household income; and (2), whether membership in a cooperative is a factor in improved
livelihood. Although the conservation benefits are important, this is beyond the scope of
the research presented.

The article is organized as follows. In the section that follows we provide an overview
of scholarship debating the merit of CBEM-NTFPs and CCPs as strategies to improve social
welfare of peasant farmers resident in tropical forest regions. Following this, we consider
our case study region, data, and methodology. Next, we present findings from a series of
regression analyses to empirically gauge the significance of CBFM-NTFPs and membership
in CCP cooperatives on social welfare improvements of peasant farmers, measured in
terms of household income. Finally, we provide a discussion of the policy implications of
our study, after which a brief conclusion ends the paper.

2. Background
2.1. NTFPs and CCPs for Improving Rural Livelihoods

Early critics argued that the production of NTFPs is insufficient to promote conser-
vation, alleviate poverty and increase the income of small farmers [17,19,36,37]. In fact,
research demonstrated that increasing demand for NTFPs tends to push extraction be-
yond sustainable thresholds, leading to boom-and-bust economic cycles that leave peasant
farmers vulnerable to widely fluctuating prices and the forest environment to overex-
ploitation [19]. The concern remains that the most valuable resources, such as rubber
(Hevea brasiliensis) and Brazil nut (Bertholletia excelsa) are no longer relevant to the regional
economy, and the opportunity costs presented by cattle ranching and wage labor is too
great of an enticement for peasant farmers [38-41]. Possibly of greatest concern today is
that both traditional extractivists and recent settlers perceive low value of NTFPs to their
livelihoods, especially in comparison to specialized agriculture and livestock [42—44].

However, advocates maintain that CCPs provide the exceptional case where income
derived from NTFPs is capable of providing a significant contribution to rural livelihoods,
most notably because regional markets are no longer the target, and higher prices are
paid to communities for niche commodities in the global market that together with other
supplementary forest-based activities and farming provide genuine benefits [45-47]. In
such cases, CCPs provide the conditions to improve NTFP-based income through the
provision of training, technology and support to domesticate high-value species and
integrate them into farming systems, and also establish market value chains for NTFP
commodities [46,47]. In doing so, CCP arrangements improve household food security
and total income [27,48]. While some studies acknowledge lower than ideal returns from
NTEFPs in comparison to total income, they argue the problem is that further investments
are needed to support these activities, and the right mix of financial and technical input
will result in sustainable forest management with benefits accruing to increased social
welfare and environmental conservation [44].
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Critics, however, view such assessments as “over-optimistic expectations,” and argue
that more often than not relations between companies and local communities are unilateral
and exploitative, based in asymmetric power-relations and marked by contradictions
between the companies’ rhetoric and their business practices [49-51]. Although some
processing steps in the market value chains take place locally, peasant farmers typically are
the first actors in the production chain, and the profit captured by them is often limited,
while the real profits accrue to the companies [52-54]. CCPs have divided expert opinion.
For some, these market-based agreements cannot be considered a realistic alternative as
a source of income for most forest people. In this regard, they maintain that extractivism
works as a supplement rather than a substitute to ecologically destructive forms of income-
generation. Based on this belief, they find such partnerships inadequate as an incentive
to conserve forest ecosystems, since other harmful activities would continue anyway.
Others advocate that CCPs are one of the few viable approaches to enhancing small
farmers’ remuneration and forest-based livelihoods, and thus reconcile social and economic
development with the conservation of the Amazon [47], fostering ecosystem services and
climate resilience [48]. For CCP advocates, this “nature-market solution” is the most
promising alternative among those possible, and it is the only realistic path for saving the
Amazon from other destructive land uses adopted by migrants, cattle ranchers, loggers
and miners [28,55].

2.2. Estimating Income from NTFPs

Scholars contend that in the Brazilian Amazon, NTFPs contribute to the economic,
social and cultural livelihoods of over 6 million households [31,32]. Despite the growing
body of scholarship on the topic, a definitive answer as to the value of NTFPs as an income
source remains elusive given the wide variability in estimates and methods employed in
the studies, and the differences in biological and socioeconomic conditions across the Ama-
zon [34,56,57]. One challenge for assessing the value of NTFPs is disaggregating the cash
and non-cash uses of forests at the household and community levels [58]. Compounding
the difficulty is that most of our understanding of the NTFPs economy in the Amazon
comes from small sample case-specific studies, and this body of literature lacks a clear
and definite consensus [59-63]. In this regard, studies suggest that NTFPs contribution
ranges anywhere from 6% to 60% of total household income, depending on household
characteristics and national, economic, political and cultural contexts, as well as degree of
engagement and specialization of the activity [59-63]. According to a study that compared
NTFP income reflected in global meta-assessments from the Program on Forests (PROFOR),
an estimated US $6.50 per hectare per year is derived from NTFPs extraction in Brazil [64].
However, a study limited to the State of Acre suggests net revenues can reach as high as
US $57 per hectare per year [31].

Another concern is that much of the data available on NTFP derived income come
from studies conducted by a few organizations that promote forest-wise projects and
are limited to participants interested in the development and continued funding of such
initiatives. Consequently, the reports and other publications informed by these data are
suspect since the data was collected, assembled and analyzed by organizations with a
financial stake in the outcome [65]. In such cases, data collection can focus more on meeting
the informational needs and agenda of the funding agency rather than on achieving a
broader understanding of ecological outcomes or local economic realities and needs of
peasant households. Furthermore, the data collection is limited to the sites and communities
where these organizations have had success, thus the applicability and generalizability of
findings are questionable.

To date few systematic studies have been done to gauge the effects of NTFP-derived
income on improved livelihood outcomes for smallholder farmers. Far less attention has
been given to the income impacts of CCPs and niche commodities in the Amazon destined
for sophisticated, high-income global markets. The studies that have been done suggest
that socioeconomic and environmental effects of such a market-based approach differ from
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case to case and, sometimes, cases can be controversial [18,66—68]. Thus, scholars have
called for additional theoretical and empirical research to address this market-based forest
management approach as a part of a more extensive economic system [69].

3. Study Region

The research presented here partially fills this gap in the literature with a systematic
study that examines the impact of NTFP extraction and CCP membership on smallholder
incomes. The study region is comprised of extractive communities located in four munici-
palities in northeastern Para State, including: Anajas, Breves, Igarape-Miri, and Tomé-Agu
(Figure 1). Residents in these rural communities are mostly smallholder peasant farmers
dependent on family labor. The communities rely on a mixture of subsistence activities
including fishing, hunting, logging, collection or extraction of forest products and small-
scale agriculture primarily for family consumption. They live in remote areas disconnected
from market towns, with limited access to transportation, education, healthcare, energy,
and sanitation. Given limited accessibility, only a minority of families are involved in
market agriculture, producing black pepper, cupuacu, passionfruit and cocoa. The very
remoteness of some villages has helped preserve the valuable biodiversity-based commodi-
ties involved in NTFP activities. Most of the rural populations depend on the extraction
of natural resources, which justifies their locations in isolated villages distant from the
urban centers, normally situated at the junctures and meanders of rivers, flooded forests
(igapos), and streams (igarapés), particularly for the case of Breves and Anajas in the
Marajo archipelago.

Map Features
%  Belém, Capital Para State

1 Main Rivers
Municipalities

Anajas

B eeves

Igarapé-Miri

Figure 1. Study region in the northeastern Para state, Brazilian Amazon.

All of the communities in this study have partnerships with the company Beraca
Sabara Chemicals and Ingredients S.A, a multinational enterprise, and the leading global
supplier of natural and organic ingredients from the Amazon rainforest for cosmetics,
personal hygiene, pharmaceutical and food industries. In general, the company maintains
partnerships with communities that extract the products of interest, which are mostly lo-
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cated in proximity to extractive reserves (RESEX), sustainable development (RDS) reserves,
as well as settlement projects (SPs) designed to support family farming that happen to be
near public lands and forests. These partnerships allow communities to sell their goods
through a local cooperative at a premium price with the company serving the role of broker.
However, the company advocates for community involvement beyond the mere nuts
and bolts of production and salesmanship to include community capacity-building and
cooperativism (Deborah Goldemberg, manager Instituto Beraca, personal communication,
2017). In this vein they established the not-for profit Institute Beraca and created a social
biodiversity program in 2000 to provide training in sustainable management techniques to
more than 2500 families in 105 communities in 12 Brazilian states that benefits indigenous,
quilombolas and riverine communities, as well as smallholder farmers. The Institute Be-
raca also works with communities to regularize land ownership, ensure environmental
compliance and many other efforts tangentially related to the extraction of NTFPs.

4. Methodology

This study employs an explanatory mixed research design considered the best prac-
tice for research on forest-related collective actions [14,70-72]. The design process was
highly integrated, including key informant interviews with public officials and company
representatives to provide national, regional and local level contexts and specifics related
to CCP activities, and household-level surveys with peasant farmers to gain empirical
insight into NTFPs extraction activities, participation in CCPs, and income generating
activities. Data derived from the surveys were analyzed using inferential statistics in a
spatial econometric approach to assess the significance of NTFP extraction and membership
in CCP cooperatives on social welfare measured in terms of household income. Based on
the literature, two hypotheses are tested, namely that:

(1) Smallholders engaged in NTFP extraction have higher annual incomes than house-
holds that do not extract NTFDPs.

(2) Smallholders who are members of CCP cooperatives will have higher annual incomes
than households that are not members.

4.1. Sampling and Data Sources

The data used in this research came from 282 household surveys that were admin-
istered during two months of field work in January 2014 and June 2016, which was part
of a collaborative effort involving an interdisciplinary group of scholars and graduate
students from the School of International and Public Affairs (SIPA) at Columbia University
(New York, NY, USA) and the Institute of International Relations (IRI) at the Univer-
sity of Sao Paulo (Sao Paulo, Brazil) that focused on the effects of NTFPs collection on
smallholder farmer livelihoods. The fieldwork involved the administration of a two-page
semi-structured survey that collected demographic and socioeconomic characteristics of
households (e.g., family size, years of residence on property), detailed information on
economic activities, including income sources and amount earned (e.g., NTFP extraction,
agriculture, logging, fishing and non-farming activities), and whether the household was a
member of a CCP cooperative. The difficulties of field data collection complicated formal
efforts at geospatial sample design [73]. The sampling involved both systematic and ran-
dom opportunistic approaches with the aim to survey a representative proportion of each
of the four communities that make up the study region (Table 1). We adopted an approach
that has become standard in similar studies conducted in the region, which entailed the
systematic selection of every third house along the road; if the landowner was not present,
the next house was visited and so on, until at least a 20 percent sample of households
was reached [42,74,75]. In most cases our sample sizes were much greater. Such a sample
possesses desirable statistical properties for regression analyses [73].
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Table 1. Case Study Sample.

Municipality Community Population Sample Size Percent
Tomé-Agu 159 36 22
Anajas 243 125 51
Igarape-Miri 198 48 24
Breves 90 73 81
Total 690 282 41

4.2. Analytical Approach

In accordance with the literature, we hypothesize that households who (1) participate
in CBEM-NTEFP extraction and (2) are members of CCP cooperatives, will have greater
income in comparison to those households not involved in NTFP extraction and not mem-
bers of cooperatives. To test these hypotheses, we employ a series of regression analyses
and spatial statistics, including: ordinary least squares (OLS), spatial autoregressive (SAR),
spatial error (SEM) and spatial Durbin (SDM) models, and their variants in the Bayesian
approach [76,77]. The model may be stated as:

Y=XB+¢

where Y is the dependent variable; X is a matrix of independent variables; 8 is the regression
coefficient vector; and ¢ is a vector of random disturbances (error terms).

The dependent variable is total household income, used as an indicator of social
welfare in accordance with the literature [60,63]. Total income is the sum of all income-
generating activities that small producers reported, including income from: extraction of
NTFPs (i.e., oilseeds and acai berries); annual and perennial agriculture products (i.e., black
pepper, cocoa, cupuacu and passionfruit); extractive activities (i.e., timber, palm heart,
shrimp); sawmill; off-farm wage labor; and government transfer payments, which include:
(1) bolsa-familia (family allowance); (2) rural retirement; (3) defeso (fishing insurance); and
(4) bolsa verde (environmental allowance). Bolsa-familia is designed to reduce poverty,
with payments tied to child vaccinations and school attendance. This monthly household
stipend ranges from US $27 to $55 per person, and changes according to per person income,
number of children and adolescents up to 17 years of age, and number of pregnant and
lactating women in the family. Rural retirement benefits can be claimed by all rural workers
who prove they have worked and contributed to social security for at least 180 months and
have met the retirement age of 60 years for men and 55 years for women. The retirement
income is always equivalent to one minimum wage, which at the time of data collection
was US $287.50. Defeso, also equivalent to one minimum wage, is a temporary benefit
granted to artisanal professional fishermen to compensate for revenue lost during the four
month off-season period when fishing is prohibited in order to ensure species reproduction.
Bolsa verde subsidizes quarterly income of US $92 to rural households in situations of
extreme poverty who live in environmental protection priority areas with the aim to
incentivize conservation.

The independent variables included two key explanatory variables of interest: (1) pro-
portion of income derived from NTFPs, and (2) membership in a CCP cooperative, which
is a dummy variable, coded 1 for member and 0 for non-member. We also incorporated a
series of control variables, such as age and years of education of household head, family
size, and length of residence on property, which all will likely have an impact on income.
Finally, we included three distance variables: distance to rivers; distance to roads; and
distance to the state capital, Belém, which is the main market center. Research has demon-
strated that these distance measures significantly impact smallholder land use decisions
and income generation [78-81].

To create these distance variables and prepare the data for spatial analyses we used
Google Maps to identify the longitude and latitude point coordinates of the villages where
households were located. We exported and converted the geographic coordinates from
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Legend:

OLS — Ordinary Least Square

SAR — Spatial Autoregressive model
SEM - Spatial Error model

KML format to Esri Layer (KML to Layer) using ArcMap, and then used ArcToolbox in
Esri ModelBuilder to create geoprocessing workflows. We used the Proximity tool “Near”
in the Toolbox to calculate distance and proximity information between the village center
and major roads, rivers and the market in Belém.

4.3. Analytical Process

Before conducting statistical analyses, we inspected the data to ensure our model
specifications were appropriate. We tested for multicollinearity in the variables using the
variation inflation factor (VIF) function in R. Another concern, given the cross-sectional
nature of our data formed by observations collected about points in space (e.g., households,
villages), was potential bias from spatial autocorrelation [77,82]. Spatial autocorrelation
in a regression framework typically manifests in two ways. Error terms can be correlated
among themselves, which gives rise to so-called nuisance autocorrelation and coefficients
that are not efficient, in the statistical sense [83]. Alternatively, the dependent variable can
be autocorrelated, in which case the problem is referred to as substantive autocorrelation.
When this form of the problem is present, OLS regression coefficients are biased. We
followed the rationale suggested by Lesage and Pace [84] to test for spatial autocorrelation
and identify the most suitable model for our data, as presented in Figure 2.

Fit OLS
Regression

Fit SAR and SEM
models with battery of
spatial weights matrices

Are spatial
dependence
parameters
significant?

Use aspatial OLS

Present
Results

YES Fit SDM model with
battery of spatial weights
matrices

Are spatial
dependence
parameters
significant?

Select SDM model
with highest R?

Present
Use aspatial OLS Results

model

Present
Results

SDM - Spatial Durbin model

Figure 2. Analytical Approach.

All models were implemented using LeSage’s Econometrics Toolbox (http://www.
spatial-econometrics.com, last accessed on 28 May 2021), which contains an extensive
library of Matlab functions to run various regression models. First, we estimated an aspatial
conventional OLS model. Since we have no a priori reason to believe spatial autocorrelation
will manifest under any particular distance, we employed the “xy2cont” toolbox function
to create a series of spatial contiguity weights matrices (W) using latitude and longitude
coordinates of the households sampled. Subsequently, spatial autoregressive (SAR) and
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spatial error (SEM) models were fit in order to verify whether spatial autocorrelation
parameters were significant. If none of the spatial parameters indicate spatial effects
in the data, one can assume that the best model is the aspatial standard OLS. If one of
the spatial parameters (Rho or Lambda) are statistically significant (p < 0.05), the Spatial
Durbin (SDM) model is specified. However, if the spatial parameters in the SDM are not
statistically significant the assumption is that the OLS model provides the best estimations.
To refine our results, we also ran a series of Bayesian alternative models (SAR_g, SEM_g,
and SDM_g) using Gibbs sampling estimation, also known as Markov Chain Monte Carlo
simulations. The benefit of such an approach is that it relaxes the assumption that model
parameters are fixed, and instead takes them as random variables which is preferred given
we have no a priori knowledge that the parameters are fixed [84].

5. Results
5.1. Household Characteristics and Economic Activities

Descriptive statistics for socioeconomic characteristics show that the mean age of
household head is 43 years (see Table 2). On average, five people lived on each property,
with a residence of 32 years on site. In terms of education, the average for the household
head was five years of formal education. In general, the households live in remote regions
that rely on river transportation with the nearest river 6 km away, whereas the nearest road
is 86 km, and Belém, the primary market city, is 156 km from their residences. In terms of
the characters of interest to this research, an estimated 237 households engage in NTFP
activities (84% of sample) and 133 are members of a cooperative (47% of sample).

Table 2. General characteristics of the households (n = 282).

Variables Mean (Std. Median Min Max
Dev.)

Age of the household head 43 (14) 42 18 81
Years of education 5(4) 5 0 19
Years on property 32(17) 33 1 80

Family size 5(3) 5 1 17
Distance nearest river (km) 6 (14) 1 0 46
Distance nearest road (km) 86 (55) 113 318 141

Distance-Belém (km) 156 (50) 170 71 247
# Households Y%
Engage in NTFP 237 84
Membership in Cooperative 133 47

Overall, the households depend on a variety of economic activities for income, as
shown in Table 3. Across the sample, NTFP, including oilseeds and acai, was the primary
income source providing 42% of the average annual household income, or US $3392,
for 84% of the sample. The second most important source of income was government
transfer payments at US $1591, or 20% of average annual income received by 79% of the
sample. Government support included, in order of importance: (1) rural retirement at 10%;
(2) bolsa-familia at 7%; (3) defeso at 2%; and (4) bolsa verde at 1%. Although defeso was
not an important income source across the entire sample, it compromised a substantial
proportion of annual income for 34% of the sample who make up the poorest families
living in environmentally sensitive areas. Agriculture was the third most important activity
in terms of income generation at US $1365 or 17% of average annual income. However,
only 13% of the sample reported income from agricultural activities, and the income was
skewed as a result. For example, only 25 households specialize in black pepper production
and from this activity alone they earn on average annually US $14,090, which is nearly
twice as much as total average annual income for the entire sample at US $8076. Other
important agricultural activities include cupuacu, cocoa, and passionfruit, but income
generation is nowhere near as great as black pepper. The fourth important income source
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is extractive activities that include palmheart, timber, and shrimp in order of importance,
representing 11% of average annual income, or US $870, for 46% of the sample. It is
important to note that in the study region palmhearts are not derived from agai palms
(Euterpe oleracea), which would kill the plant. Instead, they harvest an endogenous palm
locally called pupunha (Bactris gasipaes), and in doing so they remove only the mother
plant which allows the peripheral sprouts to flourish. Finally, off-farm labor ranks sixth
in terms of income generation at US $745 for 24% of sample, followed by revenue from
sawmilling at US $109 for 6% of households.

Table 3. Summary of annual income by source in US $, n = 282.

Income Source Mean SD Min Max Count (%) Mean SD
NTEFP (oilseeds, agai) 3392 5107 0 27,344 237 (84) 4036 5098
Agriculture 1365 4903 0 28,625 38 (13) 10,125 4894
black pepper 1249 4582 0 27,666 25(9) 14,090 4574
passionfruit 17 186 0 2656 4(2) 1207 186
cupuagu 51 287 0 2598 15 (5) 953 286
cocoa 45 260 0 3228 14 (5) 897 260
Extractive Activities 870 1733 0 14,140 129 (46) 1902 1730
palmheart 473 1305 0 10,329 65 (23) 2051 1303
timber 330 933 0 7082 61 (22) 1527 931
shrimp 67 292 0 3836 36 (13) 527 291
Off-farm Labor 745 1993 0 11,066 67 (24) 3137 1990
Sawmill 109 635 0 7097 18 (6) 1705 634
Government Transfers 1591 1742 0 7633 223 (79) 2012 1768
defeso 136 382 0 2671 36 (13) 1065 381
bolsa verde 62 142 0 738 47 (17) 375 141
bolsa familia 547 543 0 2287 179 (63) 862 543
retirement 846 1772 0 7033 59 (21) 4043 1768
Total 8076 6276 1800 29,849 282 (100)

Notes: Income converted from Brazilian R$1 to US $0.30740 based on 31 December 2016 exchange rates, which is the year data was collected.

5.2. Results from OLS Regression, Multicollinearity, and Spatial Statistics

The regression strategy was to apply ordinary least squares, test for multicollinearity,
and then perform diagnostics for spatial autocorrelation. The results from tests on spatial
autocorrelation using the Lesage and Pace [84] approach are presented in Table 4. Across
the board, results indicate spatial autocorrelation in the SAR (rho = 0.15, p = 0.06) and SEM
(lambda = 0.17, p = 0.05) models, as well as with the Bayesian SEM_g model (lambda = 0.17,
p = 0.05). Subsequent SDM models also show significant spatial correlation. Specifically,
the SDM_W4 (rho = —0.23, p = 0.01) and the Bayesian SDM_g W2 (rho = —0.50, p = 0.00)
and SDM_g W4 (tho = —0.50, p = 0.00) presented with significant spatial correlation.

Table 4. Spatial Models Estimates.

Model Rho/Lambda R?

SAR W matrix 0.15 (0.06) * 0.3534
SEM W matrix 0.17 (0.05) ** 0.3641
SDM W matrix 0.14 (0.50) 0.3740
SDM W2 matrix 0.01 (0.90) 0.3991
SDM W4 matrix —0.23 (0.01) *** 0.3943
SAR_g W matrix 0.08 (0.16) 0.3349
SEM_g W matrix 0.21 (0.03) ** 0.3621
SDM_g W matrix 0.07 (0.23) 0.0535
SDM_g W2 matrix 0.50 (0.00) *** 0.1380
SDM_g W4 matrix 0.50 (0.00) *** 0.0332

Significance is designated at p = 0.01 ***, 0.05 **, and 0.10 *.
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Results from the VIF function shown in Table 5 indicate there is no issue with multi-
collinearity in the variables since all factors are below 5, which is a rule of thumb point that
indicates potential multicollinearity problems, and values 10 or over indicate very high
correlations [85]. Results from the OLS and significant spatial regression models are also
presented in Table 5 for comparison. The R? measures for most models are consistent with
a range between 0.35 and 0.39, indicating relatively good explanatory power, especially
for social science-based research which is notoriously difficult to measure. The Bayesian
estimates for the SDM models, however, are quite low and likely reflect a poor model fit.
Although the R? measures indicate that our models have satisfactory explanatory power,
our real interest is not in finding the best model to predict annual income, but rather to
determine the predictive power of the key variables, namely engagement in NTFP activities
and membership in CCP cooperatives. In this regard, the findings are robust across all
the models with %NTFP Income and Membership both statistically significant predictors
of household income. Likewise, a number of control variables are significant, including
years on property, years of education, distance to rivers, distance to roads and distance to
the capital.

Table 5. VIF, OLS, and Spatial Regression Model Results.

. OLS SEM_W SDM_W4 SEM_g W SDM_g W2 SDM_g W4
Variables VIF b(SE) b(SE) b(SE) b(SEg) b(S%) b(S%)
% NTEP Income 1.98 33(13) ** 32(12) #* 38(12) ** 33(11) *** 32(12) 31(11) ***
Membership 111 1321(647) *** 1389(665) *** 1916(826) *** 1244(711) *+* 1090(794) * 1633(783) ***
Family size 121 52(129) 78(126) —7(136) 101(120) 79(116) 68(115)
Years-Property 15 50(21) *** 48(21) **+* 39(21) * 39(20) *** 21(21) 28(20) *
Years-Education 143 192(89) *** 201(86) *** 162(87) * 197(90) *** 182(86) *** 170(85) ***
Age 1.81 18(30) 15(29) 45(30) 27(29) 55(27) **+ 40(26) *
Acai (y/n) 1.46 916(856) 839(839) 693(835) 741(865) 600(832) 728(794)
Distance-Rivers 215 111(31) *** 105(34) **  —1565(705)**  80(0.04)**  —13740.89)*  —369(0.61)
Distance-Roads 3.25 —9(12) —9(13) —1171(598) *** —12(0.01) —639(0.84) —215(0.51)
Distance-Belém 3.04 —34(10) *** —34(11) —267(343) —34(0.01) *** ~163(0.42) —68(0.30)
Constant 7340(2431) *** 7470(2441) *** 2383(5297) 7268(2547) *** 4260(3690) 280(5118)
R2 0.353 0.364 0.390 0.362 0.138 0.033

Significance is designated at p = 0.01 ***, 0.05 **, and 0.10 *.

Overall, the SDM_W4 model provided the best fit to the data since it accounts for
spatial autocorrelation and presents with the highest R? at 0.39. Of particular note are the
robust findings for the two theoretical variables. Engagement in NTFP extraction, measured
in terms of proportion of income from NTFP activities, is statistically and substantively
significant such that every one-tenth increase in income derived from NTFP activities
results in an increase of total annual income by US $377. More importantly, if a household
is a member of a CCP cooperative their total income increases by US $1916, or more than
24% of the average annual income. In terms of control variables, both distance to rivers and
roads were statistically and substantively significant, and in the direction expected such
that every 1 km distant from rivers and roads results in a decrease of annual income of US
$1565 and US $1171, respectively, or 15-20% decline for each 1 km. This clearly reflects the
central role of hydrography in this region as it is the primary means of transportation and
communication between the many remote villages and towns. Furthermore, many species
of interest to the cosmetic industry are only found in varzea ecosystems (i.e., floodplain
areas). Roads are likewise important given accessibility to markets. Finally, both years
of education and years on property show suggestive significance (p = 0.06) with every
additional one year of education or residency leading to annual income increases by US
$162 and US $39, respectively.

6. Discussion

The research presented here provides three primary findings. First, it establishes that
participation in NTFP extraction is both statistically and substantively significant with
measurable improvements in livelihoods in terms of annual household income. Second,
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membership in CCP cooperatives has a positive effect, with average annual incomes rising
by ~25%. Finally, the regression models show that distance to markets affects annual
income, although in an unconventional manner. Specifically, the relationship is positive,
with increasing distance leading to greater household income. The households in our study
engaged in the extraction of a diversity of NTFP commodities as well as other activities
(e.g., agriculture), which scholars agree is the most beneficial approach [45—47]. A majority
combined oilseed and agai berry collection, which was an explicit strategy in the CCP
agreement. Acai has well-established regional and global markets [86], and therefore stable
and strong prices. The result for participation in NFTP extraction could to some degree
be dependent on the forest products involved. It is also important to note that our study
was limited to income and did not account for the myriad of non-cash benefits from NTFP
extraction that other studies have shown to be substantial [58].

Our study shows that CCP cooperatives improved annual incomes of members by
training them and by providing support for the processing and marketing of forest prod-
ucts, and for diversifying production through more sustainable agricultural practices.
The research presented involved households in partnership with one company, namely
Beraca Sabara Chemicals and Ingredients S.A. Although we conducted key informant
interviews with company representatives, we did not collect details on CCP specifics in
each community and so are unable to determine which initiatives were successful. Thus,
future research should consider CCP arrangements for a myriad of companies and their
impacts on household livelihoods. This would provide valuable insight as well as a check
on self-reporting by companies. For example, Natura, the leading Brazilian multinational
cosmetic company with ~US $475 million invested in Amazonia (2010-2019) reports that
its partnerships benefited 5136 families who have been incorporated into the biodiversity
value chain with the 100% Ekos brand products [87].

As for the finding on market accessibility: this should not be a surprise given that
the products of greatest value to global markets are typically found in remote forest or
natural floodplain (i.e., varzea) environments. This presents a conundrum for develop-
ment planners who wish to base income enhancement policies on NTFPs. Specifically,
our results suggest that infrastructure (e.g., roads) by improving accessibility may very
well incentivize traditional extractivists and smallholder farmers to abandon NTFPs for
agricultural specialization and livestock [42—44]. This is potentially problematic for bioe-
conomy advocates since the Amazonian Nations are two decades into IIRSA’s massive
effort to integrate roads, rail, rivers into a multimodal transportation network connected
to global markets [2]. For both Brazil and international investors, this will provide access
to Amazonia’s vast mineral wealth and open new lands for agroindustry, putting at risk
indigenous and traditional peoples, as well as the region’s biodiversity, essential to the
proposed bioeconomy [1]. Presumably, the market accessibility enhancements will also
provide Amazonia’s rural populations with economic opportunities beyond that which can
be derived from NTFPs, making engagement in bioeconomy-based programs less attractive
to them [88].

7. Conclusions

The contemporary conservation discourse about sustainable development in Ama-
zonia has begun to focus on supplanting the destructive agroindustrial growth model
dependent on forest clearing with a new bioeconomy based on the renewable production
of value-added, biology-based commodities demanded by markets for pharmaceuticals,
cosmetics, and foodstuffs [55]. Advocates maintain that such a “nature-based” economy
has the potential to enhance the social welfare of forest dwelling communities without
threatening the forest and it ecosystems services [89]. This perspective has spurred a
marked increase in CCP endeavors in Amazonia to supply NTFP commodities to the
global cosmetic industry, and a new wave of initiatives has been announced by govern-
ments, social organizations, and private and public company coalitions (e.g., Amazodnia 4.0;
Amazonia Possivel movement; Pro Green program) [23,55,90,91]. Although a bioeconomic
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solution makes sense prima facie—and has certainly generated much interest—its efficacy
has been questioned by some who call attention to lead times necessary for the innovation
of new technologies, not to mention their widespread adoption. Further, it is legitimate to
ask if the bioeconomy actually represents something new, given its similarity to the many
sustainable development strategies that have come before.

Finding a pathway to sustainable development for the Amazon Basin has taken on
renewed urgency given that deforestation rates have begun to climb again and climate
change predictions are starting to materialize. Nor is there reason to believe that these
worrisome trends are transitory, given the magnitude of the IIRSA program and the scale
of the projects completed to date. Can the conservation imperative of the Amazonian
bioeconomy manage to break the momentum of IIRSA and the socio-environmental trans-
formation it would likely precipitate? The answer remains unclear at the moment, in
which case we argue for swift and preemptive action to identify alternative futures for
Amazonia before the damage becomes irreversible. Although the research presented here
does not purport to address the viability of the bioeconomy carte blanche, the findings
provide valuable information for policy makers, researchers and citizen stakeholders, since
CBFM-NTFP and CCP initiatives play a central role in sustainable forest management
efforts. Whether Amazonia’s conservation—-development conundrum can be resolved once
and for all is anyone’s guess. That said, we argue that NTFPs and CCPs provide at least
part of the solution.

Author Contributions: Conceptualization, A.A. and C.S.S.; methodology, A.A. and C.S.S.; software,
A.A,; validation, A.A., C.S.S. and J.P.V,; data curation, ]J.P.V.; writing—original draft preparation,
A.A.; writing—review and editing, C.S.S.; visualization, A.A. All authors have read and agreed to
the published version of the manuscript.

Funding: This research received no external funding.
Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Informed consent was obtained from all people involved in the study.

Data Availability Statement: The data that support the findings of this study are available on request
from the corresponding author, A.A.

Conflicts of Interest: The authors declare no conflict of interest.

References

1.

®

10.

Walker, R.T.; Simmons, C.; Arima, E.; Galvan-Miyoshi, Y.; Antunes, A.; Waylen, M.; Irigaray, M. Avoiding Amazonian Catastro-
phes: Prospects for Conservation in the 21st Century. One Earth 2019, 1, 202-215. [CrossRef]

Simmons, C.S.; Famolare, L.; Macedo, M.N.; Walker, R.T.; Coe, M.T.; Scheffers, B.; Arima, E.; Munoz-Carpena, R.; Valle, D.;
Fraisse, C.; et al. Science in support of Amazonian conservation in the 21st century: The case of Brazil. Biotropica 2018, 50, 850-858.
[CrossRef]

Simmons, C.S. The Political Economy of Land Conflict in the Eastern Brazilian Amazon. Ann. Assoc. Am. Geogr. 2004, 94, 183-206.
[CrossRef]

Humpbhries, S.; Holmes, T.; de Andrade, D.F.C.; McGrath, D.; Dantas, ].B. Searching for Win-Win Forest Outcomes: Learning-
by-Doing, Financial Viability, and Income Growth for a Community-Based Forest Management Cooperative in the Brazilian
Amazon. World Dev. 2020, 125, 104336. [CrossRef]

Walker, R.T. Collision Course: Development Pushes Amazonia toward Its Tipping Point. Environ. Sci. Policy Sustain. Dev. 2021,
63, 15-25. [CrossRef]

PRODES Monitoramento Da Floresta Amazonica Brasileira Por Satélite (PRODES). Available online: http:/ /www.obt.inpe.br/
OBT/assuntos/programas/amazonia/prodes (accessed on 2 December 2020).

Lovejoy, T.E.; Nobre, C. Amazon Tipping Point. Sci. Adv. 2018, 4, 1-2. [CrossRef] [PubMed]

Marengo, J.A.; Souza, C., Jr. Mudangas Climdticas: Impactos e Cendrios para a Amazonia; Alana: Sao Paulo, Brazil, 2018; pp. 1-33.
Homma, A K.O.; de Menezes, A.J.E.A.; Santana, C.A.M.; Navarro, Z. O desenvolvimento mais sustentavel da Regiao Amazonica:
Entre (muitas) controvérsias e o caminho possivel. Coldquio Rev. Desenvolv. Reg. 2020, 17, 1-27.

Brondizio, E.S.; Andersson, K.; de Castro, F.; Futemma, C.; Salk, C.; Tengd, M.; Londres, M.; Tourne, D.C.; Gonzalez, T.S.;
Molina-Garzoén, A.; et al. Making place-based sustainability initiatives visible in the Brazilian Amazon. Curr. Opin. Environ.
Sustain. 2021, 49, 66-78. [CrossRef]


http://doi.org/10.1016/j.oneear.2019.09.009
http://doi.org/10.1111/btp.12610
http://doi.org/10.1111/j.1467-8306.2004.09401010.x
http://doi.org/10.1016/j.worlddev.2018.06.005
http://doi.org/10.1080/00139157.2021.1842711
http://www.obt.inpe.br/OBT/assuntos/programas/amazonia/prodes
http://www.obt.inpe.br/OBT/assuntos/programas/amazonia/prodes
http://doi.org/10.1126/sciadv.aat2340
http://www.ncbi.nlm.nih.gov/pubmed/29492460
http://doi.org/10.1016/j.cosust.2021.03.007

Land 2021, 10, 588 14 of 16

11.

12.

13.

14.

15.

16.

17.

18.

19.
20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

Food and Agriculture Organization of the United Nations Natural Forest Management. Available online: http://www.fao.org/
forestry /sfm/en/ (accessed on 17 May 2021).

Pokorny, B.; Pacheco, P. Money from and for Forests: A Critical Reflection on the Feasibility of Market Approaches for the
Conservation of Amazonian Forests. J. Rural Stud. 2014, 36. [CrossRef]

Roth, R.; Dressler, W. Market-Oriented Conservation Governance: The Particularities of Place. Geoforum 2012, 43, 363-366.
[CrossRef]

Poteete, A.R.; Ostrom, E. Heterogeneity, Group Size and Collective Action: The Role of Institutions in Forest Management. Dev.
Chang. 2004, 35, 435-461. [CrossRef]

Bicalho, A.M.d.S.M.; Hoefle, S.W. Conservation Units, Environmental Services and Frontier Peasants in the Central Amazon:
Multi-Functionality, Juxtaposition or Conflict? In Research in Economic Anthropology; Emerald Publishing Ltd.: Bingley, UK, 2015;
Volume 35, pp. 65-105.

Moran, E.F; Ostrom, E. Seeing the Forest and the Trees: Human-Environment Interactions in Forest Ecosystems; The MIT Press:
Cambridge, MA, USA, 2005; ISBN 978-0-262-28015-0.

Browder, J.O. The Limits of Extractivism: Tropical Forest Strategies beyond Extractive Reserves. BioScience 1992, 42, 174-183.
[CrossRef]

Arnold, ].E.M.; Pérez, M.R. Can Non-Timber Forest Products Match Tropical Forest Conservation and Development Objectives?
Ecol. Econ. 2001, 39, 437-447. [CrossRef]

Homma, A.K.O. The Dynamics of Extraction in Amazonia: A Historical Perspective. Adv. Econ. Bot. 1992, 9, 23-31.

Anderson, A.; Clay, J. Esverdeando a Amazonia. Comunidades e Empresas em Busca de Priticas para Negocios Sustentdveis; Peirépolis:
Sao Paulo, Brazil, 2008; ISBN 978-85-85663-89-6.

Sunderlin, W.D.; Angelsen, A.; Wunder, S. Forests and Poverty Alleviation. In FAO. State World’s Forests 2003; CIFOR, Ed.; FAO:
Rome, Italy, 2003; pp. 61-73, ISBN 92-5-104865-7.

Humphries, S.; Holmes, T.P; Kainer, K.; Koury, C.G.G.; Cruz, E.; de Miranda Rocha, R. Are Community-Based Forest Enterprises
in the Tropics Financially Viable? Case Studies from the Brazilian Amazon. Ecol. Econ. 2012, 77, 62-73. [CrossRef]

Acosta, C. A “First Mile” Impact Assessment Tool for Natura Cosmetics” Supply Chain in Brazil; Columbia SIPA: New York, NY,
USA, 2019.

Brites, A.D.; Morsello, C. Beliefs about the Potential Impacts of Exploiting Non-Timber Forest Products Predict Voluntary
Participation in Monitoring. Environ. Manag. 2017, 59, 898-911. [CrossRef] [PubMed]

Carpenter, S.R. (Ed.) Ecosystems and Human Well-Being: Policy Responses. Working Group of the Millennium Ecosystem Assessment;
The Millennium Ecosystem Assessment Series; Island Press: Washington, DC, USA, 2005.

Morsello, C. Corporate-Community Partnerships in the Amazon: A Cosmetic Approach? IUCN Arborvitae 2009, 3, 3-4.
Morsello, C.; da Silva Delgado, J.A.; Fonseca-Morello, T.; Brites, A.D. Does Trading Non-Timber Forest Products Drive Spe-
cialisation in Products Gathered for Consumption? Evidence from the Brazilian Amazon. Ecol. Econ. 2014, 100, 140-149.
[CrossRef]

Abramovay, R. Amazonia: Por uma Economia do Conhecimento da Natureza; Editora Elefante: Sao Paulo, Brasil, 2019;
ISBN 978-85-931155-4-7.

Mayers, J.; Vermeulen, S. Company-Community Forestry Partnerships. From Raw Deals to Mutual Gains? Instruments for Sustainable
Private Sector Forestry; International Institute for Environment and Development: London, UK, 2002; pp. 1-176.

Neumann, R.P; Hirsch, E. Commercialisation of Non-Timber Forest Products: Review and Analysis of Research; Center for International
Forestry Research (CIFOR): Bogor, Indonesia, 2000; ISBN 979-8764-51-X.

Lopes, E.; Soares-Filho, B.; Souza, F.; Rajao, R.; Merry, F.; Carvalho Ribeiro, S. Mapping the Socio-Ecology of Non Timber Forest
Products (NTFP) Extraction in the Brazilian Amazon: The Case of Acai (Euterpe Precatoria Mart) in Acre. Landsc. Urban Plan.
2019, 188, 110-117. [CrossRef]

Gomes, C.; Vadjunec, J.; Perz, S. Rubber Tapper Identities: Political-Economic Dynamics, Livelihood Shifts, and Environmental
Implications in a Changing Amazon. Geoforum 2012, 43. [CrossRef]

Wallace, R.; Gomes, C.V.; Cooper, N. The Chico Mendes Extractive Reserve: Trajectories of agro-extractive development in
Amazonia. Desenvolv. Meio Ambient. 2018. [CrossRef]

Poteete, A.R.; Janssen, M.A.; Ostrom, E. Working Together: Collective Action, the Commons, and Multiple Methods in Practice; Princeton
University Press: Princeton, NJ, USA, 2010; ISBN 9781400835157.

Cavendish, W. Quantitative methods for estimating the economic value of resource use to rural households. In Uncovering the
Hidden Harvest:Valuation Methods for Woodland and Forest Resources; Luckert, M.K., Campbell, B.M., Eds.; Routledge: London, UK,
2001; pp. 17-65.

Dove, M.R. A Revisionist View of Tropical Deforestation and Development. Environ. Conserv. 1993, 20, 17-24. [CrossRef]
Godoy, R.A.; Bawa, K.S. The Economic Value and Sustainable Harvest of Plants and Animals from the Tropical Forest: Assump-
tions, Hypotheses, and Methods. Econ. Bot. 1993, 47, 215-219. [CrossRef]

Homma, A K.O. Plant Extractivism or Plantation: What Is the Best Option for the Amazon? Estud. Avangados 2012, 26, 167-186.
[CrossRef]

Rizek, M.; Morsello, C. Impacts of Trade in Non-Timber Forest Products on Cooperation among Caboclo Households of the
Brazilian Amazon. Hum. Ecol. 2012, 40. [CrossRef]


http://www.fao.org/forestry/sfm/en/
http://www.fao.org/forestry/sfm/en/
http://doi.org/10.1016/j.jrurstud.2014.09.004
http://doi.org/10.1016/j.geoforum.2012.01.006
http://doi.org/10.1111/j.1467-7660.2004.00360.x
http://doi.org/10.2307/1311822
http://doi.org/10.1016/S0921-8009(01)00236-1
http://doi.org/10.1016/j.ecolecon.2011.10.018
http://doi.org/10.1007/s00267-017-0845-0
http://www.ncbi.nlm.nih.gov/pubmed/28324146
http://doi.org/10.1016/j.ecolecon.2014.01.021
http://doi.org/10.1016/j.landurbplan.2018.08.025
http://doi.org/10.1016/j.geoforum.2011.09.005
http://doi.org/10.5380/dma.v48i0.58836
http://doi.org/10.1017/S0376892900037188
http://doi.org/10.1007/BF02862287
http://doi.org/10.1590/S0103-40142012000100012
http://doi.org/10.1007/s10745-012-9506-3

Land 2021, 10, 588 15 of 16

40.
41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.
53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

Homma, A.K.O. Colhendo da Natureza: O Extrativismo Vegetal na Amazonia; Embrapa: Brasilia, Brazil, 2018; ISBN 978-85-7035-769-4.
Burchardt, H.-J.; Dietz, K. (Neo-)Extractivism—A New Challenge for Development Theory from Latin America. Third World Q.
2014, 35, 468-486. [CrossRef]

Pereira, R.; Simmons, C.S.; Walker, R. Smallholders, Agrarian Reform, and Globalization in the Brazilian Amazon: Cattle versus
the Environment. Land 2016, 5, 24. [CrossRef]

Salisbury, D.S.; Schmink, M. Cows versus Rubber: Changing Livelihoods among Amazonian Extractivists. Geoforum 2007, 38,
1233-1249. [CrossRef]

Camilotti, V.L.; Pinho, P; Brondizio, E.S.; Escada, M.1.S. The Importance of Forest Extractive Resources for Income Generation
and Subsistence among Caboclos and Colonists in the Brazilian Amazon. Hum. Ecol. 2020, 48, 17-31. [CrossRef]

Le Polain de Waroux, Y.; Lambin, E. Niche Commodities and Rural Poverty Alleviation: Contextualizing the Contribution of
Argan Oil to Rural Livelihoods in Morocco. Ann. Assoc. Am. Geogr. 2013, 103, 589—-607. [CrossRef]

Ros-Tonen, M.A.; Wiersum, K.F. The Importance of Non-Timber Forest Products for Forest-Based Rural Livelihoods: Agenda. In
Proceedings of the International Conference on Rural Livelihoods, Forests and Biodiversity, Bonn, Germany, 19-23 May 2003.
Carvalho Ribeiro, S.M.; Soares Filho, B.; Leles Costa, W.; Bachi, L.; de Oliveira, A.R; Bilotta, P.; Saadi, A.; Lopes, E.; O’'Riordan, T.;
Lobo Pennacchio, H.; et al. Can Multifunctional Livelihoods Including Recreational Ecosyst. Serv. (RES) and Non Timber Forest
Products (NTFP) Maintain Biodiverse Forests in the Brazilian Amazon? Ecosyst. Serv. 2018, 31, 517-526. [CrossRef]
Sardeshpande, M.; Shackleton, C. Wild Edible Fruits: A Systematic Review of an Under-Researched Multifunctional NTFP
(Non-Timber Forest Product). Forests 2019, 10, 467. [CrossRef]

Herrero-Jauregui, C.; Pokorny, B.; Casado, M. Coming down to Earth: A Critical Analysis of a Project for the Commercialization
of Non-Timber Forest Products in a Community of the Eastern Amazon. Colombo 2011, 31, 131-142. [CrossRef]

Almeida, R.H.C. Mulheres amazonidas e sua relagao com empresas de biocomésticos: Entre novas ruralidades e velhas concepg¢oes
de género. In Proceedings of the Encontro de Rede Feminista Norte e Nordeste de Estudos e Pesquisas sobre Mulher e Relagoes de Género;
REDOR: Salvador, Brazil, 2018.

Pokorny, B.; Johnson, J.; Medina, G.; Hoch, L. Market-Based Conservation of the Amazonian Forests: Revisiting Win-Win
Expectations. Geoforum 2012, 43, 387-401. [CrossRef]

Boechat, C.; Almeida, C.A. Beraca—Socio-Biodiversity Enhancement Program; FDC—Fundac¢ao Dom Cabral: Nova Lima, Brazil, 2015.
Bolwig, S.; Ponte, S.; Toit, A.D.; Riisgaard, L.; Halberg, N. Integrating Poverty and Environmental Concerns into Value-Chain
Analysis: A Conceptual Framework. Dev. Policy Rev. 2010, 28, 173-194. [CrossRef]

Drummond, J.; Souza, C. A Extragao Da Flora e Fauna Nativas Na Amazoénia Brasileira—Uma Segunda Apreciacao. Desenvolv.
Meio Ambiente 2016, 36. [CrossRef]

Nobre, I.; Nobre, C.A. The Amazonia Third Way Initiative: The Role of Technology to Unveil the Potential of a Novel Tropical
Biodiversity-Based Economy. Land Use Assess. Past Envis. Future 2018. [CrossRef]

Cavendish, W. Quantitative Methods for Estimating the Economic Value of Resource Use to Rural Households. Available online:
https:/ /www.taylorfrancis.com/ (accessed on 3 December 2020).

Soares-Filho, B.S.; Oliveira, U.; Costa, W.L.S.; Oliveira, A.R.; Mery, F.; Teixeira, L.L.S.; Gomes, W.W.E.; Figueira, D.S.; Rodrigues,
H.O. Economic Valuation of Changes in the Amazon Forest Area: Value Maps for Non Timber Forest Products (NTFPs); Centro de
Sensoriamento Remoto/UFMG: Belo Horizonte, Brazil, 2017; ISBN 9788561968052.

Agrawal, A.; Cashore, B.; Hardin, R.; Shepherd, G.; Benson, C.; Miller, D. Background Paper 1: Economic Contributions of Forests.
In Proceedings of the United Nations Forum on Forests, Tenth Session, Istanbul, Turkey, 8-14 April 2013; pp. 1-132.
Shackleton, C.M.; Pandey, A.K. Positioning Non-Timber Forest Products on the Development Agenda. For. Policy Econ. 2014, 38,
1-7. [CrossRef]

Wahlén, C.B. Opportunities for Making the Invisible Visible: Towards an Improved Understanding of the Economic Contributions
of NTEPs. For. Policy Econ. 2017, 84, 11-19. [CrossRef]

Cheng, S.H.; Ahlroth, S.; Onder, S.; Shyamsundar, P.; Garside, R.; Kristjanson, P.; McKinnon, M.C.; Miller, D.C. What Is the
Evidence for the Contribution of Forests to Poverty Alleviation? A Systematic Map Protocol. Environ. Evid. 2017, 6, 10. [CrossRef]
Bakkegaard, R.K.; Agrawal, A.; Animon, I.; Hogarth, N.; Miller, D.C.; Persha, L.; Rametsteiner, E.; Wunder, S.; Zezza, A.
National Socioeconomic Surveys in Forestry: Guidance and Survey Modules for Measuring the Multiple Roles of Forests in Household
Welfare and Livelihoods; FAO Forestry Paper; Food and Agriculture Organization of the United Nations: Rome, Italy, 2016;
ISBN 978-92-5-109438-9.

Angelsen, A.; Jagger, P.; Babigumira, R.; Belcher, B.; Hogarth, N.J.; Bauch, S.; Borner, J.; Smith-Hall, C.; Wunder, S. Environmental
Income and Rural Livelihoods: A Global-Comparative Analysis. World Dev. 2014, 64, S12-528. [CrossRef]

Siikamaki, J.; Santiago-Avila, EJ.; Vail, P. Global Assessment of Non-Wood Forest Ecosystem Services; Spatially Explicit Meta-Analysis
and Benefit Transfer to Improve the World Bank’s Forest Weatlh Database; Program for Forests (PROFOR): Washington, DC,
USA, 2015; pp. 1-97.

Kusters, K.; Achdiawan, R.; Belcher, B.; Ruiz Pérez, M. Balancing Development and Conservation? An Assessment of Livelihood
and Environmental Outcomes of Nontimber Forest Product Trade in Asia, Africa, and Latin America. Ecol. Soc. 2006, 11.
[CrossRef]

Albers, H.J.; Robinson, E.J.Z. A Review of the Spatial Economics of Non-Timber Forest Product Extraction: Implications for Policy.
Ecol. Econ. 2013, 92, 87-95. [CrossRef]


http://doi.org/10.1080/01436597.2014.893488
http://doi.org/10.3390/land5030024
http://doi.org/10.1016/j.geoforum.2007.03.005
http://doi.org/10.1007/s10745-020-00127-7
http://doi.org/10.1080/00045608.2012.720234
http://doi.org/10.1016/j.ecoser.2018.03.016
http://doi.org/10.3390/f10060467
http://doi.org/10.4336/2011.pfb.31.66.131
http://doi.org/10.1016/j.geoforum.2010.08.002
http://doi.org/10.1111/j.1467-7679.2010.00480.x
http://doi.org/10.5380/dma.v36i0.42715
http://doi.org/10.5772/intechopen.80413
https://www.taylorfrancis.com/
http://doi.org/10.1016/j.forpol.2013.07.004
http://doi.org/10.1016/j.forpol.2017.04.006
http://doi.org/10.1186/s13750-017-0088-9
http://doi.org/10.1016/j.worlddev.2014.03.006
http://doi.org/10.5751/ES-01796-110220
http://doi.org/10.1016/j.ecolecon.2012.01.021

Land 2021, 10, 588 16 of 16

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.
85.

86.

87.

88.

89.

90.

91.

Belcher, B.; Schreckenberg, K. Commercialisation of Non-Timber Forest Products: A Reality Check. Dev. Policy Rev. 2007, 25,
355-377. [CrossRef]

Morsello, C. Trade Deals between Corporations and Amazonian Forest Communities Under Common Property Regimes:
Opportunities, Problems and Challenges. In Proceedings of the Tenth Biennial Conference of the International Association for the
Study of Common Property (IASCP), Oaxaca, Mexico, 9-13 August 2004; p. 23.

Morsello, C. Company—Community Non-Timber Forest Product Deals in the Brazilian Amazon: A Review of Opportunities and
Problems. For. Policy Econ. 2006, 8, 485-494. [CrossRef]

Gallaher, C.M.; WinklerPrins, A.M.G.A. Effective Use of Mixed Methods in African Livelihoods Research. Afr. Geogr. Rev. 2016,
35, 83-93. [CrossRef]

Elwood, S. Mixed Methods: Thinking, Doing, and Asking in Multiple Ways. In The SAGE Handbook of Qualitative Geography;
SAGE Publications, Inc.: London, UK, 2010; pp. 94-114, ISBN 978-1-4129-1991-3.

Creswell, J.W. Research Design: Qualitative, Quantitative, and Mixed Methods Approaches, 4th ed.; SAGE Publications: Thousand
Oaks, CA, USA, 2014; ISBN 978-1-4522-2609-5.

Griffith, D.A. Effective Geographic Sample Size in the Presence of Spatial Autocorrelation. Ann. Assoc. Am. Geogr. 2005, 95,
740-760. [CrossRef]

Simmons, C.; Walker, R.; Perz, S.; Aldrich, S.; Caldas, M.; Pereira, R.; Leite, F.; Fernandes, L.C.; Arima, E. Doing It for Themselves:
Direct Action Land Reform in the Brazilian Amazon. World Dev. 2010, 38, 429-444. [CrossRef]

Walker, R.; Moran, E.; Anselin, L. Deforestation and Cattle Ranching in the Brazilian Amazon: External Capital and Household
Processes. World Dev. 2000, 28, 683-699. [CrossRef]

Anselin, L. Spatial Econometrics: Methods and Models. Econ. Geogr. 1988, 65, 160-162.

LeSage, J.P. What Regional Scientists Need to Know about Spatial Econometrics. Rev. Reg. Stud. 2014, 44, 13-32. [CrossRef]
Caldas, M.; Walker, R.; Arima, E.; Perz, S.; Aldrich, S. Land Cover The and Land Use Change: Theorizing Peasant of Amazonian
Deforestation Economy. Ann. Am. Geogr. 2007, 97, 86-110. [CrossRef]

Guedes, G.R.; Brondizio, E.S.; Barbieri, A.F; Anne, R.; Penna-Firme, R.; D’ Antona, A.O. Poverty and Inequality in the Rural
Brazilian Amazon: A Multidimensional Approach. Hum. Ecol. 2012, 40, 41-57. [CrossRef]

Kaimowitz, D.; Angelsen, A. Economic Models of Tropical Deforestation A Review; CIFOR: Bogor, Indonesia, 1998; Volume 6,
ISBN 979876417X.

Perz, S.G.; Walker, R.T.; Caldas, M.M. Beyond Population and Environment: Household Demographic Life Cycles and Land Use
Allocation among Small Farms in the Amazon. Hum. Ecol. 2006. [CrossRef]

Anselin, L. Spatial Econometrics: Methods and Models; Studies in Operational Regional Science; Springer: Dordrecht, The Nether-
lands, 1988; ISBN 978-90-247-3735-2.

Anselin, L.; Rey, S. Properties of Tests for Spatial Dependence in Linear Regression Models. Geogr. Anal. 1991, 23, 112-131.
[CrossRef]

LeSage, J.; Pace, R K. Introduction to Spatial Econometrics; Chapman and Hall/CRC: Boca Raton, FL, USA, 2009; ISBN 978-1-4200-6424-7.
Akinwande, M.O.; Dikko, H.G.; Samson, A. Variance Inflation Factor: As a Condition for the Inclusion of Suppressor Variable(s)
in Regression Analysis. Open ]. Stat. 2015, 5, 754. [CrossRef]

Brondizio, E.S. The Global Acai: A Chronicle of Possibilities and Predicaments of an Amazonian Superfood. In Critical Approaches
to Superfoods; Wilk, R., McDonnell, E., Eds.; Bloomsbury Publishing: London, UK, 2020.

Natura. Desenvolvimento Sustentdvel e Geragdo de Impacto Positivo: Caso Natura e Amazénia; CEPAL United Nations: Santiago,
Chile, 2020.

Castro, F. Patterns of Resource Use by Caboclo Communities in the Middle-Lower Amazon. In Amazon Peasant Societies in a
Changing Environment: Political Ecology, Invisibility and Modernity in the Rainforest; Adams, C., Murrieta, R., Neves, W., Harris, M.,
Eds.; Springer: Dordrecht, The Netherlands, 2009; pp. 157177, ISBN 978-1-4020-9283-1.

Constanza, R.; de Groot, R.; Braat, L.; Kubiszewski, I.; Fioramonti, L.; Sutton, P; Farber, S.; Grasso, M. Twenty Years of Ecosystem
Services: How Far Have We Come and How Far Do We Still Need to Go? Ecosyst. Serv. 2017, 28, 1-16. [CrossRef]

Veiga, ].P.C.; Makishi, F,; Zacareli, M.A. Corporate Leadership, Multilevel Enforcement and Biodiversity Regulation. J. Bus. 2016,
1,43-53. [CrossRef]

Makishi, F.; Veiga, ].P.; Zacareli, M.; Silva, V.; Savastano Junior, H. Governance for Sustainable Development in the Amazon:
Institutional Architectures and Socio-Biodiversity Chains. Amaz. Organ. Sustentabilidade 2020, 9, 7-26. [CrossRef]


http://doi.org/10.1111/j.1467-7679.2007.00374.x
http://doi.org/10.1016/j.forpol.2005.08.010
http://doi.org/10.1080/19376812.2015.1105141
http://doi.org/10.1111/j.1467-8306.2005.00484.x
http://doi.org/10.1016/j.worlddev.2009.06.003
http://doi.org/10.1016/S0305-750X(99)00149-7
http://doi.org/10.2139/ssrn.2420725
http://doi.org/10.1111/j.1467-8306.2007.00525.x
http://doi.org/10.1007/s10745-011-9444-5
http://doi.org/10.1007/s10745-006-9039-8
http://doi.org/10.1111/j.1538-4632.1991.tb00228.x
http://doi.org/10.4236/ojs.2015.57075
http://doi.org/10.1016/j.ecoser.2017.09.008
http://doi.org/10.18533/job.v1i5.34
http://doi.org/10.17648/aos.v9i1.535

	Introduction 
	Background 
	NTFPs and CCPs for Improving Rural Livelihoods 
	Estimating Income from NTFPs 

	Study Region 
	Methodology 
	Sampling and Data Sources 
	Analytical Approach 
	Analytical Process 

	Results 
	Household Characteristics and Economic Activities 
	Results from OLS Regression, Multicollinearity, and Spatial Statistics 

	Discussion 
	Conclusions 
	References

