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Abstract

Globally, the extraction of minerals and fossil fuels is increasingly penetrating into isolated
regions inhabited by indigenous peoples, potentially undermining their livelihoods and well-being.
To provide new insight to this issue, we draw on a unique longitudinal dataset collected in the
Ecuadorian Amazon over an 11-year period from 484 indigenous households with varying degrees
of exposure to oil extraction. Fixed and random effects regression models of the consequences of
oil activities for livelihood outcomes reveal mixed and multidimensional effects. These results
challenge common assumptions about these processes and are only partly consistent with
hypotheses drawn from the Dutch disease literature.
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1. Introduction

In the Amazon Basin and other parts of the world, the large-scale extraction of mineral
resources and fossil fuels is increasingly penetrating into isolated and biodiverse regions
inhabited by indigenous peoples. This process is of significant global concern due to the
dramatic regional-scale economic and environmental changes that can result from these
activities, along with the perceived vulnerability of indigenous peoples, their livelihoods and
their lands (O’Faircheallaigh, 2013). These issues are particularly evident in the Western
Amazon where areas of oil and gas extraction and exploration overlap with some of the
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world’s highest concentrations of biodiversity as well as the territories of indigenous peoples
living in isolation (Finer et al., 2008). These concerns are exemplified by the attention
surrounding the ongoing legal action by residents of the Ecuadorian Amazon against
Texaco/Chevron, which was responsible for widespread oil pollution in the region
(Kimerling, 1991; Valdivia, 2007).

However, viewed locally, these issues are much more complex (Cepek 2012). In response to
criticism of past practices and the growing influence of environmental and indigenous
movements, corporate and state policies on resource extraction have become more favorable
to indigenous peoples over time (Billo, 2015; O’Faircheallaigh, 2013). Given the
employment opportunities and aid distribution that can result, not all indigenous groups are
opposed to the expansion of extractive activities in their territories (Valdivia, 2007).
Nonetheless, the social and environmental history of the extractive industries in the Amazon
Basin is an ugly one (Bebbington & Bury, 2013), and indigenous peoples remain at an
enormous disadvantage when interacting with oil companies and allied state bodies (Sawyer,
2004; Swing et al., 2012).

These concerns lead to an important question: What can empirical research tell us about the
consequences of large-scale resource extraction for the livelihoods of indigenous peoples? A
relatively small number of studies have previously addressed this question, primarily using
small-scale, qualitative approaches (e.g., Bebbington & Bury, 2013). These studies suggest
mixed effects on social and economic outcomes and negative effects on environmental
outcomes, as described in detail below. However, few if any studies have been able to draw
robust, regional-scale conclusions about these processes, in part reflecting the absence of
large-sample, longitudinal datasets.

To address this lacuna, we use data from a unique longitudinal survey from the Ecuadorian
Amazon covering 32 indigenous communities, 484 baseline households, an 11-year period,
five ethnicities, and a wide range of exposures to oil exploration and extraction. Drawing on
a multilevel, multivariate analytical approach, we use these data to investigate the effects of
community-level exposure to oil activities on various dimensions of indigenous livelihoods,
including participation in off-farm employment, agriculture, hunting and fishing, as well as
ownership of consumer goods. This approach is used to test hypotheses drawn from the
literature on Dutch disease effects in oil-dependent economies. Our results suggest that
exposure to oil extraction has mixed and multidimensional effects on indigenous livelihoods
and has contributed to a shift away from traditional livelihood activities. These findings are
consistent with previous studies in other settings and partly consistent with a Dutch disease
process, but challenge the common narrative that the consequences of extractive activities
for indigenous peoples are entirely negative.

2. Large-scale resource extraction and indigenous peoples

Driven by favorable state policies, rising commodity prices, new technologies of extraction,
and the depletion of traditional supplies, the extraction of mineral resources and fossil fuels
by national and transnational companies has expanded globally into isolated areas inhabited
by indigenous peoples (O’Faircheallaigh, 2013). Many of these areas are also important
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reservoirs of biodiversity (Naughton-Treves et al., 2005). In most cases, the material
consequences of large-scale resource extraction include the construction of transportation
infrastructure such as roads, the installation of extraction infrastructure such as mines and
wells, the removal of natural vegetation and/or soil, and the introduction of toxic materials
such as petroleum and mine tailings (Bebbington & Bury, 2013; O'Rourke & Connolly,
2003). To construct, operate and maintain this infrastructure, a predominately non-local staff
must also be employed, fed, and housed.

When these activities take place in isolated indigenous territories, they commonly affect
populations whose livelihoods are directly dependent on the natural environment, who
interact primarily through communal tenure systems and non-market forms of exchange, and
who have limited access to external markets, services and resources (Godoy et al., 2005). As
such, extractive activities can potentially represent a major transformation of the social,
economic and environmental context, including the introduction of private land tenure and
the expansion of incipient local market economies (O'Faircheallaigh, 1998). Compounding
these changes, companies may offer access to employment, cash payments, or health and
transportation services to indigenous communities in order to facilitate their work and/or to
comply with legal or internal mandates for “corporate social responsibility” (Billo, 2015;
Hilson, 2012; O’Faircheallaigh, 2013), although the timeframe of these benefits is often
short. In other cases, indigenous communities may simply be dispossessed of their
traditional lands and resources with little recourse, reflecting their marginal position within
national political economies as well as alliances between state bodies and extractive
industries (O'Rourke & Connolly, 2003). In either of these cases, protests, displacement,
violence, and intra-community feuds can result, potentially halting or curtailing the
extractive activity (Haley, 2004; Lu, 2012; Sawyer, 2004).

Building on a definition of livelihoods as “the capabilities, assets and activities required for
a means of living” (Chambers & Conway, 1992), the background above and previous work
suggest four pathways by which large-scale resource extraction could affect indigenous
livelihoods (Bury, 2004). Firstly, extractive activities could lead to a loss of access to natural
capital (land, water and forests), undermining traditional livelihood activities such as wild
resource harvesting and small-scale agriculture. Secondly and in contrast, new employment
opportunities and access to physical capital (tools, inputs and infrastructure) could lead to
livelihood diversification, increasing cash incomes and access to consumer goods. Thirdly,
human capital (health and knowledge) could be undermined by exposure to toxins and new
diseases or, alternatively, improved by access to education, information and health services
from the outside world. Fourthly, social capital (trust and social relationships) could suffer
from the introduction of inequality and market-based forms of exchange, or could
potentially strengthen due to the need to organize engendered by the changing context.
Overall, this framework suggests the possibility of mixed and multidimensional effects on
indigenous livelihoods, with the legal and institutional context likely to play a central role.

Beyond this broad framework, the most relevant predictive theory for the social impacts of
oil is the Dutch disease process as observed by economists and other social scientists (Ross,
in press; Rudel, 2013; Wunder 2005). In this process, a positive resource shock such as oil
extraction alters the economy by increasing the returns to resource-related activities,
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increasing the returns to non-tradable sectors such as housing, increasing government
revenues through taxes on extraction, and inflating prices relative to unaffected areas.
Together these effects undermine profitability in tradable sectors such as agriculture unless
protected by trade barriers. In the past this framework has primarily been applied to national
economies, but it can also be applied to local economies such an indigenous community.
When oil extraction arrives to an indigenous community, the returns to participation in wage
labor increase and we would expect household participation to increase as well. In a labor-
scarce economy with access to external markets, we would expect indigenous households to
lower their participation in traditional productive activities such as fishing, hunting and
swidden agriculture and to buy more food produced outside the community. However the
net effects for household wealth and income are expected to be positive, given the creation
of lucrative new opportunities with the oil company. Limitations of this theory for the
indigenous context are that (1) it does not account for non-economic consequences of oil
extraction such as environmental contamination and cultural change, and (2) these effects
may not apply to indigenous communities that have excess labor or are remote from external
markets. Nonetheless, with the goal of comparing our results to this literature, we derive
testable hypotheses below and evaluate them with the subsequent analysis.

Consistent with the livelihoods approach but only partly consistent with the Dutch disease
framework, previous small-scale studies of mining in the Andes and oil extraction in the
Amazon reveal both mixed and negative effects of resource extraction on indigenous
livelihoods. Studies of the Yanacocha gold mine in Cajamarca, Peru, found that local rural
communities experienced improvements in economic status and access to education and
health services, but declines in water quality, access to land, and intra-community social
capital (Bebbington & Bury, 2009; Bury, 2004). More negatively, studies in the Achuar
territories of the Corrientes River region of the Peruvian Amazon reveal that oil extraction
led to widespread water pollution and the depletion of wild resources by outsiders, but,
following protests and activism, some degree of increased access to wage employment and
health services (Bebbington & Scurrah 2013; Orta-Martinez & Finer, 2010). Meanwhile,
Hindery (2013) found that community development projects planned for indigenous
communities affected by the Don Mario mine in remote eastern Bolivia were only partly
successful, and that mine-driven road improvements led to significant new pressure on
natural resources by outsiders. Similarly and from our study region, Cepek (2012) describes
how the Cofan of Dureno, Ecuador were exposed to high levels of oil pollution in the past
but see economic potential benefits from contemporary interaction with oil companies.
Other stories of mixed and negative outcomes are available from indigenous communities
across the developing world (Gardner et al., 2012; Gilberthorpe & Banks, 2012; Lu, 2012;
Van Alstine & Afionis 2013).

These studies provide important preliminary evidence that large-scale resource extraction
can potentially have positive benefits for indigenous communities but that the overall effects
are more often negative. However, the strength of the findings cited above is limited by the
exclusive use of small-scale, case-study designs, typically including one or a few
communities and lacking data from multiple time periods or unaffected communities.
Building on a large number of previous studies which have used quantitative methods to
investigate rural livelihoods (e.g., Carter & May 1999; Gray, 2009; Grootaert & Narayan,
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2004; Jansen et al., 2006), we demonstrate below how structured household surveys and
multivariate statistics can also be used to address these issues, and use this approach to test
hypotheses derived from the Dutch disease literature. Consistent with the qualitative studies
cited above, our results provide additional evidence that the effects of resource extraction on
indigenous livelihoods are not entirely negative as commonly assumed.

3. Study context

We investigate these issues in the context of the Northern Ecuadorian Amazon (NEA), an
epicenter of indigenous cultural diversity, tropical biodiversity, and oil exploration and
extraction. The NEA (Figure 1) overlaps the center of Amazonian species richness for
amphibians, birds, mammals and vascular plants, marking it a globally important region for
biodiversity conservation (Finer et al., 2008). [Figure 1 here.] This region is also home of
the Cofén, Secoya, Waorani peoples, multiple Kichwa-speaking populations, Shuar in-
migrants from the southern Ecuadorian Amazon, and a few smaller indigenous groups, with
a total indigenous population of more than 60,000 in the 2010 population census (INEC,
2014).

Prior to the 1970s, these indigenous groups experienced some contact with the outside world
but lived in relative isolation on lands almost entirely covered in forests and wetlands.
Beginning with the discovery of large oil deposits near Lago Agrio in 1967, the region has
been transformed by oil exploration and extraction, first by Texaco and Gulf and
subsequently by other transnational companies as well as the state oil company,
Petroecuador (Cepek, 2012; Sabin, 1998). These activities have directly affected indigenous
peoples through the extensive construction of oil and transportation infrastructure,
subsequent oil pollution, development projects, and new markets for low-skilled labor
(Billo, 2015; Bremner, 2013). QOil activities, together with allied state policies, have also
indirectly affected indigenous peoples by facilitating in-migration from the Andes,
agricultural colonization, and, increasingly, urbanization of the region (Bilsborrow et al.,
2004). The result is that indigenous peoples have largely been displaced from the main area
of colonization between Coca and Lago Agrio, and now cluster on the periphery of this zone
as well as along rivers accessed via motorized canoe (Figure 1).

The Cofan, Secoya, Waorani, Kichwa, and in-migrant Shuar have responded to these
changes in a variety of ways, including through participation in new markets for labor,
crops, tourism and forest products (Lu & Bilsborrow, 2011; Lu et al., 2012). However many
households continue to live in landscapes dominated by forest and to rely on traditional
activities such as hunting, fishing and swidden agriculture, particularly the Cofan and
Waorani (Gray et al., 2008; Gray et al., 2015). All of these groups have also responded with
political organizing and activism that has resulted in increased visibility and the legal
recognition of their territories, though on a small fraction of their traditional lands and
without subsurface rights (Sawyer, 2004). Qil exploration and extraction continue in the
region, but under new policies of “corporate social responsibility” that include negotiations
with regional, ethnicity-based federations as well as directly with local communities (Billo,
2015; Haley, 2004; Valdivia, 2007). Corporate practices of road construction and waste
handling have also improved, reducing but not removing environmental impacts (Baynard et
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al., 2013; Suarez et al., 2013). International and national political opposition to the
expansion of oil extraction also continues, but the Ecuadorian government has responded
most recently by opening new areas to extraction, including those inhabited by isolated
Waorani communities and inside Yasuni National Park (Pappalardo et al., 2013).

The case of three Waorani communities in this region described by Lu (2012) is illustrative
of these dynamics. The communities of Huentaro and Quehureiri-ono are located in a
remote area in the Waorani ethnic reserve but came into contact with the oil company Oryx
in 1997 while it was conducting seismic testing. Consistent with an agreement signed with
the Waorani federation, Oryx provided food drops by helicopter during this period and also
hired community members, primarily for manual labor. After the seismic testing was
concluded and adequate oil reserves were not found, Oryx exited the area and community
members returned to their previous reliance on traditional livelihood activities. However, the
perception that resources from Oryx accrued disproportionately to one group of families led
to intra-community conflicts and, consistent with high levels of spatial mobility by the
Waorani, the departure of many households to other communities. Multiple households
relocated near an existing oil road to found another community, Gareno. This group
benefited from infrastructure, aid and transportation provided by the oil company Perenco
until its departure in 2009. Operations were then taken over by Petroecuador, which has
continued to provide transportation but no other services. Relative to residents in Huentaro
and Quehureiri-ono, Gareno residents are more reliant on external markets and have less
access to wild resources, but both groups report being generally satisfied with their current
places of residence.

As this background makes clear, oil extraction in the NEA has resulted in a dramatic
transformation of the regional context for indigenous peoples. However, what remains
unclear is how these changes have affected indigenous livelihoods at household and
community scales across the region. Has exposure to oil employment, contamination, and
development projects undermined traditional livelihood activities such as hunting and
fishing? Or have these new opportunities improved well-being in indigenous communities?
Divided opinion among the regional indigenous federations as to how to interact with oil
companies suggests that both outcomes are possible (Valdivia, 2007), and answers are
needed as oil extraction proceeds into new indigenous territories.

4. Data collection

To address these issues, we draw on a unique longitudinal household survey conducted in
2001 and 2012 in 32 indigenous communities of the NEA (Fig. 1). In 2001, a judgment
sample of 36 communities was selected to include all five ethnicities and to span the
regional spectrum of community size, accessibility and exposure to the outside world.
Among these, 32 communities were selected for follow-up in 2012 as described below.
Following a household listing in each community, 22 households were sampled for
participation, either randomly or to include all households in smaller communities. In each
sample household, structured interviews were separately conducted with both the male and
female heads of household (i.e., one man and woman per household) for approximately one
hour in order to collect information on household composition and assets, perceptions of
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environmental contamination and participation in agriculture, wild product harvesting, and
off-farm employment, as well as other topics. In the case of single-headed households or the
prolonged absence of the male/female head, both questionnaires were administered to the
available household member. In the 32 longitudinal communities, 484 households
completed a male interview, 489 households a female interview, and 476 both interviews.
Community-level data were also collected through the use of GPS as well as through
structured interviews with community leaders focusing on institutions, infrastructure and
exposure to outside actors. To collect these data, a survey team of six Ecuadorian
interviewers spent approximately five days in each community. Interviews were conducted
primarily in Spanish and only rarely required the assistance of a local translator.

The 2012 follow-up survey targeted households in the study communities who completed a
female interview in 2001 and thus provided a household roster. The first priority for follow-
up was the 2001 female head and her 2012 household, followed, in the case of the female
head’s absence or death, by the 2001 male head, and finally by the oldest child resident in
2001. Three communities from the 2001 survey were excluded for logistical reasons, and in
another community all baseline households had departed, leaving 32 communities for the
longitudinal sample. Among the 489 targeted households, 401 completed a male interview,
399 completed both interviews, and 75 had permanently left the community. Split-off
households, where a 2001 household member was now male or female head, were also
included. Among these split-offs, 200 completed a male interview, all of whom also
completed a female interview, for a total of 599 households with complete male and female
interviews in 2012. A questionnaire similar to the baseline was used, updated to include
questions about changes experienced since 2001.

5. Analysis

To describe indigenous livelihoods and oil activities in the NEA, we first use these data to
conduct descriptive analyses of community-level interaction with oil companies (Table 1)
and of various dimensions of household livelihood strategies (Table 2). [Tables 1 and 2
here.] All households that completed a male interview in either year were included in this
analysis. Because some communities include members of more than one indigenous
ethnicity as well as a small number of non-indigenous (mestizo) residents, we classify
households by the ethnicity of the economic head (95% male). To compare household-level
values across time, we conduct Pearson's chi-squared tests for dichotomous variables and
Wald tests for continuous variables, all of which are adjusted for clustering at the
community level. To account for the possibility of non-random selection into our multi-year
sample, all descriptive and multivariate analyses were repeated using the subset of data from
panel households who were interviewed twice, with results similar to those presented here.

To measure the effects of oil activities on indigenous livelihoods, we combine the data from
both survey years from households that completed both male and female interviews (n =
1075 household-years). We then use these data in regression analyses incorporating both
random and fixed effects (Woolridge, 2012). We first estimate the following random effects
model:
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Yit=Y000+ BT jt+Oowjt+aj+uijt+ey:

where yijq is the outcome for household i in community j in year t, yogo is the common
intercept, s a vector of household-level coefficients, xij; is a vector of household-level
predictors, Jis a vector of community-level coefficients including exposure to oil activities,
Wwijt is a vector of community-level predictors, q; is the community-level random effect, uj; is
the household-level random effect, and ejj; is the residual error term. For censored outcomes
(with a large proportion of zeroes) we use a two-step procedure, first using logistic
regression to model the dichotomous measure of participation, and then using linear
regression to model the non-zero continuous outcomes.

This model tests whether oil activities are associated with livelihood outcomes while
accounting for potential confounders as well as clustering at both household and community
scales. By exploiting both spatial and temporal variation in exposure to oil activities, this
approach takes maximal advantage of our sample size but does not fully account for the
possibility of non-random implementation of oil company activities in communities with
particular livelihood profiles. To account for this possibility, we re-estimate the model
above, replacing the community-level random effect with fixed effects (i.e., a set of
indicator variables). This approach allows each community to have a baseline level of
participation in each livelihood strategy, and identifies the effect of oil activities using only
temporal variation within communities. However, the cost of the latter approach is a loss of
statistical power. Given our modest sample size at the community level, we present the
former approach as our primary specification and the latter approach as a supplement.

The selection of both outcomes and predictors for this analysis was informed by the
livelihoods framework (Chambers & Conway, 1992; Ellis, 2000). In this framework, each
household is viewed as the manager of a portfolio of livelihood activities that build upon
various assets or capitals, including natural, human, social, and physical capitals. These
decisions are made in a changing local and regional context, and contribute to the level of
household well-being. Given the many potential dimensions of livelihoods and the
limitations of our data, we do not attempt to measure all aspects of indigenous livelihoods,
but instead define five key outcomes capturing participation in off-farm employment,
hunting, fishing and small-scale agriculture, as well as ownership of consumer goods. These
outcomes include two traditional livelihood activities that are not strongly connected to the
market (hunting and fishing), one activity that is for both subsistence and market purposes
(agriculture), one activity that is market-based (off-farm employment), and one measure of
material well-being (consumer wealth).

As displayed in Table 2, participation in off-farm employment (OFE) was measured as total
household income in 2012 US dollars from wage employment in the previous 12 months,
including employment with oil companies as well as other employers. Participation in
hunting was measured by the weight of game captured in the previous hunt, set to zero for
households that did not hunt in the previous 12 months. Both of these outcomes have a large
proportion of zero values, and are thus modelled using the two-step approach described
above. Participation in fishing was similarly measured by the weight of fish captured in the
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previous outing, set to zero for the small number of households that did not fish in the
previous 12 months. Participation in agriculture was measured by the area cleared for
agriculture in the previous three years. In the system of swidden agriculture practiced in the
study communities (Gray et al., 2008), the area cleared in the past three years is a large
fraction of the total agricultural area (Table 2) and excludes older stands of perennials such
as coffee, which may predate oil exposure. The positive values of these four outcomes
(OFE, hunting, fishing, and agriculture) are all significantly left-skewed, so have been
transformed as In(y+1) for the analysis.

Finally, for the fifth outcome we constructed a multivariate index of consumer wealth. To do
so, we first defined a set of 28 indicator variables for ownership of various consumer goods
(e.g., a cellular phone) and housing characteristics (e.g., an improved floor) along with one
continuous variable (number of rooms in the dwelling). To combine these measures into a
single continuous index, we used polychoric principle component analysis on the joint
2001-2012 dataset and took the first principle component (Kolenikov & Angeles, 2009).
Consistent with a measure of wealth, this analysis produces positive weights for each asset
and improved housing characteristic, with the sole exception being ownership of a rifle
(which is most common among poor and isolated households). This continuous value was
then standardized to range from zero to ten to produce our index. Data on consumer wealth
is missing for 22 household-years, resulting in a smaller sample size for this analysis (n =
1053).

As predictors in this analysis, we include two alternate measures of exposure to oil activities
as well as a large set of control variables (Table 3). Exposure to oil is measured at the
community level, first by the number of employees hired by oil companies from the
community in the previous 12 months, and second by the number of development programs
implemented by oil companies in the previous ten years. These measures capture two of the
most important forms of interaction between indigenous communities and oil companies in
the study region (Cepek, 2012; Billo, 2015; Bremner, 2013). The two measures are
correlated with each other (p = 0.07) and presumably with other unmeasured dimensions of
exposure to oil, such as environmental contamination and the availability of transportation in
oil company vehicles. Thus we conceptualize these measures as partly-correlated
dimensions of the overall community exposure to oil activities, and, consistent with this
view, we test them in separate versions of the model described above.

In addition to one measure of oil exposure, we also include several control variables in each
model (Table 3). [Table 3 here.] Household-level controls include the number of household
members and the ethnicity, age, gender, education, Spanish language ability, and place of
birth of the household economic head. Community-level controls include the population size
of the community and travel time to the nearest city. Selection of these controls builds on
multiple previous studies of rural livelihoods in the NEA (Barbieri et al., 2005; Barbieri et
al., 2013; Bremner, 2013; Gray et al., 2008), as well as on the livelihoods framework
(Chambers & Conway, 1992; Ellis, 2000).

Hypotheses for this analysis can be derived from the Dutch disease literature as cited above.
In this view, we would expect exposure to oil extraction (particularly oil employment) to
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increase OFE and consumer wealth and to decrease participation in hunting, fishing and
agriculture.

Descriptive results on community interaction with oil companies are shown in Table 1.
Overall, 19 of 32 communities in both years had at least one member employed by oil
companies in the previous 12 months, with 12 communities switching over time from
having to not having or vice versa. A smaller and declining number of communities, 13 in
2001 and 6 in 2012, were also exposed to oil extraction through the receipt of aid and
assistance programs in the previous ten years, with provision of health services the most
common form of assistance. Reflecting a high and increasing level of activity by
government, private and non-profit actors in this region, these programs represented only
17% and 11% of all aid programs in 2001 and 2012, respectively. While all five ethnicities
were exposed to oil activities, exposure was very low for the Cofan and Secoya. The
Waorani had more contact despite the remote location of their communities (Figure 1),
reflecting the status of their territory as a new oil exploration frontier (Lu 2012; Suarez et
al., 2013).

Descriptive results on household livelihoods are displayed in Table 2, including off-farm
employment (OFE), agriculture, wild product harvesting, assets, health and perceptions of
environmental contamination. Regarding OFE, approximately half of all households
participated in both years, with one half to one third of those finding employment with oil
companies. Wages and income were comparable for the two sets of households and rose
over time. Employment with oil companies was particularly common among the Waorani,
consistent with their high exposure to oil companies. Nearly all households of all ethnicities
participated in small-scale agriculture, with most also clearing land in the previous three
years, though the areas cultivated and cleared both declined slightly over time. Participation
in hunting and fishing were similarly high but declining over time, though harvests per
outing did not significantly decline. Over the same time period as this apparent transition
away from traditional livelihood strategies, household consumer assets and self-reported
health both significantly improved, suggesting improved overall well-being. However,
households also commonly perceived their water, air and soil to be contaminated by oil
companies, though we do not have access to field measurements that could confirm these
perceptions. Taken together, these results paint a picture of slowly declining participation in
traditional livelihood strategies at a time of improving material well-being, raising the
question of whether exposure to oil activities has contributed to these trends.

The results of the multivariate analyses of livelihoods outcomes are displayed in Table 4 (for
censored outcomes) and Table 5 (for non-censored outcomes). [Tables 4 and 5 here.]
Unstandardized coefficients are presented for linear models, and odds ratios are presented
for first-step logit models. The latter can be interpreted as the multiplicative effect of a one
unit increase in the predictor on the odds of participation. Overall these models reveal
positive effects of oil exposure on OFE, hunting harvests and assets, with no effects on
agriculture and negative effects on fishing.
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Beginning with the two-step models in Table 4, the odds of household participation in OFE
increased 2% (p = 0.015) with each employee hired by oil companies in the community and
14% (p = 0.061) with each oil assistance program. The former result remains marginally
significant (p = 0.091) once community fixed effects are added. Income from OFE also
significantly increased with oil company assistance programs (p = 0.003). Using the
untransformed units and the random effects specification, one additional oil program would
increase OFE income for participating households to $3,844 from the 2012 mean value of
$3,471. This result remains significant when controlling for community fixed effects, but the
effects of the number of oil employees on OFE income were non-significant in both
specifications. Regarding hunting, oil exposure did not have significant effects on hunting
participation, with the partial exception of a small, marginally-significant negative effect of
oil employees in the fixed effects model (p = 0.092). Similarly oil assistance did not have
any significant effects on hunting harvests, but harvests did increase with oil employees
under both the random effects (p = 0.002) and fixed effects specifications (p = 0.041). Using
the untransformed units and the random effects specification, one additional oil employee
would slightly increase hunting harvests to 12.3 kg from the 2012 mean value of 12.1 kg.

Continuing with the single-step models in Table 5, consumer assets were not significantly
influenced by the number of oil company employees but increased significantly with oil
assistance programs in both random effects (p = 0.011) and fixed effects (p = 0.057)
specifications. In both cases the addition of one oil assistance program raised assets by 0.1
units on a 10 point scale. The effects of oil exposure on agricultural clearing were not
significant in all specifications. Finally, fishing harvests decreased slightly with each
additional oil company employee in both random effects (p = 0.078) and fixed effects (p =
0.019) specifications. Using the untransformed units and the random effects specification,
each oil employee reduced fishing harvests slightly to 5.50 kg from the 2012 mean value of
5.52 kg. The effects of oil assistance programs on fishing were non-significant.

The control variables were jointly significant in all 14 models and had effects that were
consistent with expectations, lending credence to the findings above. Assets and all
livelihood activities increased with household size and decreased with female headship.
Households with heads that were older, born locally or did not speak Spanish were generally
more likely to participate in traditional livelihood activities and less likely to participate in
non-traditional activities, and the opposite was true of heads with at least a primary
education. Controlling for these characteristics, Waorani households were still more likely to
participate in both OFE and hunting. At the community level, traditional activities tended to
decline with population size and increase with remoteness, and the opposite was true of non-
traditional activities and assets. Finally, participation in hunting, hunting harvests and
agricultural clearing decreased over time net of any oil and control effects, whereas OFE
income and assets increased, suggesting a trend of modernization that is not fully explained
by oil exposure or household characteristics.

These results only partly support our hypotheses derived above from the Dutch disease
literature. Consistent with predictions, OFE and assets increased while fishing decreased.
However, participation in hunting and agriculture did not decrease as predicted.
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7. Discussion

Using a unique longitudinal dataset and a multivariate approach, we show that exposure to
oil exploration and extraction has mixed and multidimensional effects on indigenous
livelihoods in the Ecuadorian Amazon, effects which are only partly consistent with
hypotheses derived from the Dutch disease literature. Overall, exposure to oil is linked to
increased participation and income from off-farm employment (OFE), increased ownership
of consumer assets, increased hunting harvests, and decreased fishing harvests, and is not
associated with agricultural clearing. The effects on OFE and fishing are consistent with
expectations and with the observed overall trend away from traditional livelihood strategies.
Oil companies hire community members directly and also likely generate OFE indirectly
through aid programs and new business opportunities, creating opportunities to accumulate
consumer goods. Consequent reductions in available labor and increases in wealth likely
undermine participation in fishing, though water contamination by oil activities may also
play a role. The lack of effects on agriculture suggests that surplus labor is available to
maintain this activity during periods of exposure to oil, consistent with previous analyses of
time allocation in these populations (Lu et al., 2009). Cultural preferences and high
transportation costs also likely limit shifts to market-purchased foods. Unlike these changes,
the positive effect on hunting harvests was unexpected but is consistent with the
observations of Suarez et al. (2013) that indigenous peoples in the NEA take advantage of
oil-linked improvements in accessibility to participate in growing markets for bushmeat. To
the extent that is the case, hunting can also be interpreted as an oil-linked sector and the
result would be consistent with the literature on Dutch disease.

Overall the results are also consistent with our personal observations of oil-indigenous
interactions in the study area. Members of the study communities commonly view oil
companies both as potential threats to their livelihoods and as a potential source of new
economic opportunities. Negotiations between companies and communities (commonly for
territorial access in return for aid and employment) are highly contested both between these
actors as well as within communities. Community members often report real benefits from
oil company programs and employment in the form of income and infrastructure, but many
also report contamination of their air, water and soil. The jobs and programs typically end as
soon as the oil company exits the area, but the costs and benefits of the interaction (in terms
of health, assets, infrastructure and cultural change) likely extend long beyond.

Looking forward, these results contain important lessons regarding (1) common assumptions
about these processes, (2) research methods used in this field and (3) the implications of
expanding oil production in the NEA. Informed by the ugly history of past practices, the
common assumption about these processes, particularly among non-academics, is that
resource extraction in indigenous territories undermines autonomy, household well-being,
and traditional livelihoods and culture. The Dutch disease literature makes similar
predictions about the effects of oil on traditional activities. While we are limited to testing
for short-term effects on livelihood outcomes only, our findings nonetheless call this
assumption into question. There is indeed some shift away from traditional livelihood
activities, but at the same time benefits are accruing to households through increased access
to wage employment and consumer goods. We also observe that community exposure to oil
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extraction is not unidimensional, with assistance programs having notably more positive
effects than oil employment on assets and income. Though these results are not consistent
with the common view, they are consistent with several previous studies cited above which
have also observed mixed effects of resource extraction on indigenous livelihoods and well-
being. Researchers and policy-makers thus need to recognize the potential for both costs and
benefits for indigenous communities as a consequence of resource extraction, with the
balance of the two often negative and highly dependent on the local context and time scale.

The results also contain an important message about the consequences of oil production in
the NEA, which is now expanding into the extraordinarily biodiverse Yasuni National Park
and the territories of indigenous peoples living in isolation (Pappalardo et al., 2013). Given
the significant changes that we observe in indigenous livelihoods following oil extraction,
our results reinforce the need to give indigenous communities greater control over extractive
activities that occur in their territories as well as greater access to information on the
potential consequences of these activities. The need for these policies is reinforced by the
predicted effects of expanded oil activities on biodiversity and cultural change (Finer et al.,
2008), which we do not examine here.

Finally, this study also provides a detailed illustration of how survey and statistical methods
can be used to investigate changing indigenous livelihoods, complementing previous
research which has largely used small-scale, case study approaches. The approach presented
here allows the measurement of regional-scale trends as well as the quantification of multi-
scale influences on livelihood outcomes, complementing the thick description and attention
to context that comes from smaller-scale approaches. Broader use of quantitative methods
could increase the power and visibility of research on the indigenous peoples of the Amazon
and elsewhere, as previously demonstrated by Godoy et al. (2005), Rudel et al. (2013) and
others. Nevertheless, we consider our results to be preliminary rather than conclusive, and
our approach would benefit from several extensions. These include the collection of detailed
measures of social capital, the collection of biological measures of health and toxic
exposures, integration with ethnographic methods, and expansion to a larger sample of
communities as well as a longer time period.
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e Oil extraction is often assumed to negatively affect indigenous livelihoods.
e To test this, we use a unique longitudinal dataset from the Ecuadorian Amazon.

» We examine the effects of two measures of oil exposure on five livelihood

« Oil activities had both positive and negative effects on livelihoods.

e The results only partly support hypotheses from the Dutch disease literature.

Highlights

outcomes.

World Dev. Author manuscript; available in PMC 2017 February 01.



1duosnue Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Bozigar et al.

Figure 1.

Lago Agrio

o” g 'y

@® Kichwa o n
W Shuar N |

Y Huaorani = Coca

‘ Cofan

A Secoya
Major river
Major road

Tena [}

Puyo

0 10 20 40 60 80
HHE—Fd  F—Kilometers

Shushufindi

A = .
Rro agud’co
& )
)
* /‘/oo ..
*
R/o CONOna.
£
“r3%ay

Map of the study communities.

World Dev. Author manuscript; available in PMC 2017 February 01.

Page 18



Page 19

Bozigar et al.

4 € S s 4 SAIIUNWLLIOD JO Jaquinu [e10 |
LT 8 vT ¥T 44 8¢ 9¢ Ge 16 €8 0LT 89T  924nos Aue woJy swelboud Jo Jaquinu 8101
T 0 0 € T €T € 9 €T 9 8T 8z sweiBoud adueISISSE JO JagquUNU [e10 |
0 0 0 T T 14 T € 4 € 14 T JOUB]SISSE 18Yl0 PBAIRIRY
0 0 0 0 0 0 T 0 14 0 € 0 dauelsisse doud [eluualad paniaday
0 0 0 0 0 T 0 0 14 0 4 1 90UB]SISSE UOITRISI04a) PanIaday
T 0 0 T 0 4 T T T 4 € S JOUEB]SISSE Yi[esy PaAIaday
T 0 0 T T 14 4 € 4 [ 9 T pasodxa SaRIuNWWOd JO JaquinN
$31UBdWOI |10 WOIY BOUBISISSY
T 1 0 1 66 €5 ve LT SOT ¢¢T 6€¢  vOZ  pakojdwsa siaqual AHUNWLIOD JO JagquinN
T T 0 T S € g 9 8 8 6T 6T pasodxa SanIuNWWOod JO JaquinN
sa1uedwod |10 yum uswAojdw3
¢T0¢ T100C ¢10C¢ TO0OC <¢TOC 100C ¢10¢ TOOC ¢TOC 100C ¢10¢ TOOC aansea
©eA029S uejo0d 1URIOBAA Jenys BMYIIY a|dwes |jn4
*1eaAk pue A1191uy1e Aqg sertuedwod |10 01 81Ns0dXa JO SaINseaw [9A3]-AlIUNWIWOD
T3alqelL

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

World Dev. Author manuscript; available in PMC 2017 February 01.



Page 20

Bozigar et al.

160 €0 00T 060 060 880 €0 960 zz0o 680 +80 ge0  L980  gp0 (1/0) semanoe paydnisip ssauf|
+950  ego 850 990 «€70 610 60 €20 «290 680 v9'0 900 %xx090 g0 (T/0) sypuow da1yp 3sed ur pajiodal ssau
e S yge LOVS g LESS ppe 0LV pTe . CST 097 e OO prT a8V Z6T (01-0) xepur 19ssy
y1yeay pue s18ssy
8zs 67 SL9 18v  vhel 188  2g8 .16 Sssz  lze  +097  egs  zgs 18§ (65) duy Jua0a1 150U 8y} Uo 1yBNED ysi-
890 €80 260 00T «'60 660 160 00T «xfL0 960 «xx780  $60  .xx 780 g6 (1/0) Jeak 1sed Ut paysiy
160 190 w0 s80  +¢L0  9go  pro 260 4090 g0 .l90 G800 .90 w80 (1/0) yuou 1sed ur paysi
95 92T 021 ¢lZz TSI 8ST 192 6T z6 58 L6 82T TITT vyl (6%) 3uny U893 Is0W BY} O JYBNED BweD
650 €80 920 00T /80 €0 %80 860 «x"90 480 «xxB50 480 xS9O0 g0 (1/0) seak 1sed ut paunH
«TP0 790 . 090 zgo  zzo 080  +990  gg0 +50 290  .x PO 690 wxxiVO  z20 (7/0) Ypuow 1sed Ui palunH
Bunsantey 1onpoud plip
+0T g7 +08T  zogz  pep0  oTT  L¢8T  gzT  LO0CT  goz  LS9T  o0zz T 861 (sare)oay) sseak ¢ 1sed ul pares|d ealy
920 680 6,0 ¥.0 z/O L0 160 80 20 o080 +80 zeo  +¢80  ggo (1/0) s1eak € 15Bd UI pUE| PaJesd ployasnoH
v9T  ZTZ 87  S8T  8LT 86T xx00C 8T 40T zge  LE9C  opg  4+6€C  gg7 (sere3oay) aunynonBe ul pue-
asn pue| [eanynoiIby
008  096T O,  SS8  009T  82IT  ¢682 2222  LOve  8IWT  +85CC  €8PT 4 685C ot (#eak/$zT0Z) "09 |10 Wouy sbulures Ajrea A
Zve voz &8T 06T 00z vvz ¢Sz g6T +9¢C  ggz g1z 88T  0€z  Tzz (Aep/$zT0g) 09 |10 Wouy abem Ajrep abessny
« W6 09¢ o0z see +00"  epz  gg9  o00L  +V9V 167 189 0TS <19 zy 1A sad 09 |10 0} PIOM SLIUOW-UOSIad
ZZ0 820 €00 ¥20 Z00  9T0 950 250  TE0 950  0T0 /10 «4T0  ozo (1/0) teak 3sed u1 “09 110 Aq pakojdwg
«EL8E  Z0ST  ¥I9E  G/6 «x8YVC  gezT 09T iviz  +L99€  GYET  wwx 80SE  6GHT  www LVE 1141 (+eak/$zT02) SButures AjresA
+CLC 9uT LTr 09T xxCEC  LTT 652 €22 ¥¥Z 782 «xx9€C 06T 4« €5C  T6T (Kep/$zT02) 9bem A|rep abessny
ovg  ee8  z09 8zL +699  oTTT ..099 goer 699  9sG 86'L ges 9L 606 "JA Jad pax1om SyIUOW-UosIad
€90 €80 SY0 650 €0 190 +¢40  pye0 €90 150 90  9¥0 IS0 850 (1/0) seaf 1sed uj wiej-yo pafojdwa
uswAojdws wuey-JO
Zloz 100z ¢T0Zz 100z  2I0¢  T00Z 210z 100z  2I0¢ 1002  2I0Z 100z 2102 TO0Z oinseaIn
0z11SaN LTRE uejod 1ueI0RAA Jenys BMUIIY ajdwres |1n4

Author Manuscript

"awn Jano saburyd oy s1581 Yum ‘Jeak pue A11o1uyle Aqg s1asse pue suondaoiad ‘SpooyijaAl] JO sainseall |aA3]-ployYasnoH

¢ ?dlqel

Author Manuscript

Author Manuscript

Author Manuscript

World Dev. Author manuscript; available in PMC 2017 February 01.



Page 21

Bozigar et al.

100°0>d
.

xx

‘10°0>d
x¥

‘50°0>d
.

‘0T°0>d
.

‘sfenpIAIpul Buipuodsau [e SS0JoR SaNJeA UBSW aJe S}NSay "Spesy Ployasnoy ajewa) pue aje y1og JO payse aiam suonsanb asay L

T

‘SIsA|eue s1eLIRAI|NW 8Y) J0J SB|CRLIBA BLWOJINO 881Ul SaIje)|

0 0 4 14 ) € g g 8 8 T T e e saNIuNWWod sjdwes
Ty 81 8¢ e 9y vy 5 9 98 68 9eg ez 709 8y spjoyasnoy ajdures
vwo 9go +990 10 0 880 150  6v0  «'80 g0 ve'0 9e'0 90 0 (T/0) 09 110 WO UOKEUIWEILOD AUE Spoday
+T0  gszo vT0 2T0 820 610 120 ¥T0 «%¥0  ezo 220 12°0 €20 020 (T/0) uoneuIWEILOD [10S SMOdaY
«0€0  1e0 g0 €0 ¥€0  €T0 810  €T0 650 950 120 220 SZ'0 220 (T/0) uoIRUIWEIUO Jfe SHOdaY
«950  ppo LTLO0 egp 850 o w0 8r0  «4L0 950 o 70 1650 L0 (T/0) uoneuIWEIU0D JaAL soday

1 UOIEUILIEIUOD [2IUBLLLOIAUS JO suondaoiad

210z 1002  ¢T0Z 1002  2¢T0Z  T00Z  ¢I0Z  TO0Z  ¢I0¢  T00Z  ¢l0Z 1002 ZT0Z 1002 sinsesiy

0zZNSaIN eA029S uejod 1ueI0BAN Jenys BMUIIY ajdwes ||n4

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

World Dev. Author manuscript; available in PMC 2017 February 01.



1duosnue Joyiny 1duosnuen Joyiny 1duasnuen Joyiny

1duasnuen Joyiny

Bozigar et al.

Predictor 2001 2012

Household-level predictors
Household size (#) 6.3 6.2
Age of head (years) 38.9 410
Head is female (0/1) 0.05 0.05
Head was born in the community (0/1) 0.27 0.38
Head does not speak Spanish (0/1) 0.09 0.04
Head completed primary education (0/1) 0.58  0.75
Head is Kichwal (0/1) 0.48  0.56
Head is Shuar (0/1) 019 0.14
Head is Waorani (0/1) 0.13 0.09
Head is Cofan (0/1) 0.10 0.08
Head is Secoya (0/1) 0.08 0.06
Head is Mestizo (0/1) 0.04 0.07
Sample size (households) 476 599

Community-level predictors
Community population (#) 178 279
Travel time to nearest city (hours) 340 246
Oil company employees (#) 7.04 875
Oil company assistance programs (#) 083 0.75
Sample size (communities) 32 32

1
Reference category
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Table 3

Predictors of livelihood outcomes (mean values by year).
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