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a b s t r a c t
There is a large research literature on the impacts of roads and other infrastructure, which highlights the
economic benefits, environmental harms and social problems. Most previous research on infrastructure
impacts adopts a top-down approach, such as via the use of governmental or remotely-sensed data. This
paper argues that a bottom-up approach that features stakeholder perspectives offers complementary
advantages to understanding infrastructure impacts that can support improved planning and governance.
We conducted stakeholder workshops about impacts of the Interoceanic Highway in the tri-national
‘‘MAP” frontier of the southwestern Amazon. The findings confirm previous research in several respects,
but also indicate several contrasts. The range of impacts is much broader than topics featured in previous
research, and some of the most commonly reported problems, such as diverse forms of crime, have been
rarely studied as infrastructure impacts. We conclude by discussing the implications, in terms of criminological research on infrastructure impacts, synergies among diverse impacts of infrastructure, and
improved planning of infrastructure for better governance of impacts.
Ó 2022 Elsevier Ltd. All rights reserved.

1. Introduction
Previous studies of infrastructure impacts in developing regions
such as the Amazon often adopt a top-down perspective from the
view of researchers with remotely sensed data (cf. Laurance et al.,
2001; Soares Filho et al., 2004). Such work offers the advantages of
relying on large data sets with consistent methodologies that permit analysis at a high spatial resolution and broad geographic
extent. The result is a detailed picture of spatial and temporal patterns of infrastructure impacts. However, such work tends to focus
on selected impacts of scholarly interest. This can lead to narrowlyfocused work that may miss unexpected or less-studied impacts
(cf. Ritter et al., 2017).
We argue that a bottom-up approach to understanding infrastructure impacts, grounded in stakeholder perspectives, offers
complementary advantages to top-down research (cf. Zamojska
and Prochniak, 2017). Because stakeholders draw on their lived
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experiences, they are well-positioned to point out multiple change
processes and their consequences. While scholarship already recognizes that infrastructure impacts are diverse (e.g., Perz et al.,
2012), stakeholders can identify additional impacts beyond those
featured in scholarship. A bottom-up approach to understanding
infrastructure impacts based on stakeholder perspectives can thus
broaden scholarly consideration of the benefits and problems.
Stakeholder perspectives can also inform policy debates about
the wisdom of new infrastructure proposals. Like top-down studies, stakeholder-based research on infrastructure impacts can support improved governance of infrastructure (e.g., Alencar et al.,
2004; Morales et al., 2021). In particular, stakeholder participation
in evaluations of infrastructure impacts improves participation in
infrastructure governance (Mendoza et al., 2007).
In this paper, we take up the case of the Interoceanic Highway
in the tri-national ‘‘MAP” frontier in the southwestern Amazon,
named for Madre de Dios (Peru), Acre (Brazil) and Pando (Bolivia).
The Interoceanic Highway was an emblematic project of the Initiative for the Integration of Regional Infrastructure in South America
(IIRSA) (e.g., CAF 2013; Van Dijck, 2013). It was a strategic priority
of Brazil and Peru, but it was inadequately planned, and the contracting process had several irregularities (e.g., Dourojeanni,
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tently show that lands closer to roads have higher probabilities
of deforestation. Such cellular automata approaches in turn permitted modeling of forest loss based on distance from roads and
other factors. This supported development of simulation models
for different scenarios of change (e.g., Soares FIlho et al., 2004).
Spatially-explicit modeling has found frequent application to
evaluating the effectiveness of protected areas in mitigating
road-induced deforestation. Such research indicates that various
types of protected areas indeed reduce the effects of roads on forest loss (e.g., Barber et al., 2014; Jusys, 2018; Milien et al., 2021;
Nolte et al., 2013; Pfaff et al., 2015).
As a complement to the roads-and-deforestation literature, the
road ecology literature has focused on road impacts on wildlife.
Proximity to roads tends to coincide with lower incidence of various native species (e.g., Carpio et al., 2009; Espinosa et al., 2018;
Gallice et al., 2019), roadkill of native species with larger ranges
(e.g., Caires et al., 2019; Filius et al., 2020), and changes in faunal
community structure (e.g., Whitworth et al., 2015).
Recent modeling work has sought to integrate economic and
ecological on road impacts in the Amazon. Multi-criterion analyses
have sought to confront the tradeoffs between the economic benefits and the ecological harms of roads (e.g., Laurance et al., 2015;
Vilela et al., 2020). This involves integration of numerous governmental data sources (e.g., Klarenberg et al., 2019). Such studies
highlight that while some roads may generate large economic benefits and relatively small ecological impacts, many proposed infrastructure projects in the Amazon are of dubious economic value and
would have large negative environmental impacts (Vilela et al.,
2020).
There has also been epidemiological research on roads in the
Amazon. Roads constitute corridors for transmission of diseases.
That has driven quantitative studies of disease contagion along
roads in the Amazon (Bauch et al., 2015; Cortez et al., 2018;
Hahn et al., 2014; Tallman et al., 2020). Such work has highlighted
the epidemiological risks roads pose to indigenous peoples (Opas
et al., 2018; Reyes-García et al., 2020).
The focus on risks to local peoples calls attention to the broader
social impacts of infrastructure in the Amazon, notably with regard
to illegal activities. The literature on crime in the Amazon does not
typically focus on illicit activities as a road impact, but rather as a
result of the broader process of frontier expansion. Such work
tends to focus on very specific forms of crime, usually involving
natural resource exploitation. For example, there is extensive work
on illegal logging (e.g., Brancalion et al., 2018; Perazzoni et al.,
2020; Santos de Lima et al., 2018; Vasco et al., 2017). This is complemented by research on the estimation of illegal deforestation
(e.g., Azevedo-Ramos et al., 2020; Klingler and Mack, 2020;
Perazzoni, 2018; Perazzoni et al., 2020; Pinheiro Ribeiro Paiva
et al., 2020). Other research has focused on indicators of illegal gold
mining (Asner and Tupayachi, 2017; Caballero Espejo et al., 2018;
Cortés-McPherson, 2019; Siqueira-Gay and Sanchez, 2021;
Swenson et al., 2011). There are also studies of drug trafficking
(Dávalos et al., 2016; Salisbury and Fagan, 2013; Schönenberg,
2002). Finally, there is an established literature on ‘‘unofficial”
roads, some of which are themselves illegal (Brandão and Souza,
2006; Perz et al., 2007; Barber et al., 2014).
However, there remains limited crossover between research on
roads and crime in the Amazon, despite the fact that illegal activities can be seen as facilitated by infrastructure. The criminological
literature encompasses the tradition of environmental criminology, which includes theory and research findings that have established the importance of infrastructure and other determinants of
accessibility to explain the incidence of crime (e.g., Bernasco and
Luykx, 2003; Bruinsma and Johnson, 2018; Frith et al., 2017). This
includes the illegal exploitation of natural resources (e.g., Ceccato
and Uittenbogaard, 2013; Cowan et al., 2020; Kurland et al.,

2006; Guerra Garcia, 2005). The highway became the focus of controversies due to contrasting conclusions from studies of potential
economic benefits (e.g., Bonifaz et al., 2008; Guerra Garcia, 2008)
and negative social and ecological impacts (e.g., Balvín Diaz and
Patrón Alvarez, 2008; Dourojeanni, 2006). When built, the Interoceanic Highway generated various impacts that revealed inadequate governance along the road corridor (e.g., Dourojeanni et al.,
2010; Prado Filho, 2018; Southworth et al., 2011; Swenson et al.,
2011). The highway also featured in the Lava Jato corruption scandal involving the construction company Odebrecht, which engaged
in bribery to secure construction contracts for key sections of the
road (e.g., Pari 2017; Durand, 2018).
We held stakeholder workshops in multiple locations along the
Interoceanic Highway in the MAP frontier in 2019, roughly a decade after the road was built. The findings reveal a broad range of
specific impacts, which indicates that the consequences of infrastructure for stakeholders are diverse. The findings also indicate differences in impacts among locations. Overall, the results include
many road impacts go beyond those emphasized in previous
research. This includes particularly salient impacts such as various
forms of crime, including types that go beyond previous treatments of illegal activity in the Amazon. We conclude by discussing
the implications for research priorities and initiatives to improve
governance of infrastructure impacts as a means of capturing the
development benefits.

2. Background
There are many studies of the economic, ecological and social
impacts of roads. The literature on the economic impacts of roads
is large and of long standing. Early macroeconomic studies suggested large impacts of infrastructure investments on productivity
(e.g., Aschauer, 1989; Munnell, 1992). Such studies confirmed
infrastructure as a key hallmark of development policy for economic growth and poverty reduction (e.g., Gramlich, 1994;
World Bank, 1994). Subsequent reviews confirmed large positive
impacts of infrastructure investments on economic growth documented in many developing countries (e.g., Straub, 2008), including in Latin America (e.g., Calderón and Serven, 2004). This
reinforced the policy consensus that roads generate economic
growth (e.g., Bourguignon and Pleskovic, 2008).
As a complement to the macroeconomic literature, microeconomic studies based on field surveys also confirmed significant
effects of infrastructure investments on poverty reduction. This is
true not only of regional studies with local jurisdictions as the
units of analysis (e.g., Demurger, 2001; Fan et al., 2004), but also
rural communities (e.g., Gunasekera et al., 2008; Pender et al.,
2004) and family households (e.g., Gibson and Rozelle, 2003;
Jacoby, 2000).
More recent economic research has focused on high-profile
infrastructure programs and arrived at the same conclusions. China’s Belt and Road Initiative, the world’s largest infrastructure program, has been evaluated in numerous studies (e.g., Chen and Li,
2021; Islamjanova et al., 2017; Wang et al., 2020; Yu et al.,
2020). Whether they employ econometric methods or computable
general equilibrium models, such studies conclude that infrastructure investments generate economic growth, stimulate trade, and
reduce poverty.
In the Amazon, there is a large literature that focuses on environmental impacts of roads. That work has frequently drawn on
spatially-explicit analyses of land cover change using satellite imagery and GIS approaches (e.g., Baynard et al., 2013; Botazzi and
Dao, 2013; Laurance et al., 2001; Nascimento, 2021; Southworth
et al., 2011). High-resolution raster data permit computation of
deforestation rates on a pixel-by-pixel basis. Such studies consis2
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identified towns in municipalities along the Interoceanic Highway
in the MAP frontier (Fig. 1), the sites of previous stakeholder workshops on road impacts (Mendoza et al., 2007). We contacted local
governmental representatives and community leaders to consult
with them about their interest in sharing their perspectives on
the impacts of the road. Local leaders were highly receptive. We
therefore planned nine (9) workshops in towns of different municipalities across the MAP frontier. These towns span most of the
roughly 800 km of the Interoceanic Highway in the southwestern
Amazon. In some workshops, participants came from more than
one municipality. Overall, participants came from nine municipalities in Peru, three in Brazil, and one in Bolivia, for a total of 13. This
reflects the geography of the highway and municipalities in the
MAP frontier. Here we number the workshops and denote where
a workshop included participants from more than one municipality: 1) Capixaba (Acre/Brazil), 2) Brasiléia and Epitaciolândia (Acre)
with Cobija (Pando/Bolivia), 3) Iñapari (Madre de Dios/Peru), 4)
Iberia (Madre de Dios), 5) Mavila and Planchón (Madre de Dios),
6) Puerto Maldonado (Madre de Dios), 7) Laberinto (Madre de
Dios), 8) Virgen de Candelaria (Madre de Dios), and 9) Santa Rosa
and Mazuko (Madre de Dios). Some workshops included participants from more than one municipality because some towns are
located immediately adjacent to each other (Brasiléia, Epitaciolândia, with Cobija), or because participants came from smaller
towns in adjacent municipalities to permit sufficient numbers of
participants for the workshop activities (Mazuko/Santa Rosa and
Mavila/Planchón); see Fig. 1.
We designed each workshop to be a half-day event. That
reflected the importance of attracting a diverse array of stakeholders, recognizing that many were busy people in local institutions.
We worked with local governmental representatives and other
community leaders such as church leaders who served as local
coordinators. Together, we compiled lists of key local institutions
and their prominent current and former representatives for invitations to participate. We thus sought participants who were representatives of diverse institutions, including governmental agencies,
universities, non-governmental organizations (including religious
organizations), private sector businesses, and community associations. Local coordinators also identified prominent local citizens of
long-term residence, often local landholders, elderly members of
longstanding families, prominent church members, informal community leaders, and so on. In both types of cases, we prioritized
stakeholders who had resided in their community for many years,
ideally since before road paving, to permit stakeholder contributions based on before/after comparisons. In each proposed workshop site, the local coordinators then contacted the identified
individuals to seek their participation. Coordinators noted the previous workshops on prospective impacts of the highway and introduced the new workshops as a means to revisit that question in
terms of actual impacts. Because many invitees had participated
in previous workshops (Mendoza et al., 2007), the goals and commitments involved in the proposed workshops were clear to them.
In all cases, local coordinators presented the workshops as an
opportunity for diverse stakeholders to discuss the various impacts
of the highway in their community.
Across the nine workshops, 218 individuals participated, ranging from 15 to 37 recorded registrants per workshop. There was
diversity by age (33 of ages 18–30, 67 of ages 31–45, 78 of ages
46–65, and 32 of ages 65+) and organizational type (84 from governments and universities, 54 with no affiliation, 49 from community associations, 16 from NGOs, and 14 from the private sector).
Table 1 provides a breakdown of participants by age groups and
type of organizational affiliation by workshop location. Most workshops had an age distribution similar to the overall pattern, with
mostly middle-aged participants, though there were more younger
participants in Mazuko/ Santa Rosa and more older participants in

2018). In the Amazon, there is some recognition that roads serve as
corridors for illicit economic activity, as via organized criminal networks (Perazzoni, 2018; Schönenberg, 2014). This complements
work on the Amazon that related frontier expansion via road building to agrarian violence (e.g., Alston et al., 1999; Hoefle, 2006;
Schmink and Wood, 1992; Simmons et al., 2007), and recent work
on violence in urban areas after infrastructure investments (e.g.,
Souza et al., 2015).
If there has been limited focus on roads and crime in the Amazon, that is perhaps due to the conceptual approach of roads and
environmental governance. Previous work has noted that the focus
of governments on building infrastructure often corresponds to
inadequate planning for regional governance (e.g., Baletti, 2012;
Damonte, 2018; Piketty et al., 2015). There is a longstanding problem of building roads without adequate planning or governance of
impacts in the Amazon (e.g., Dourojeanni et al., 2010; Ferrante
et al., 2021; Perz et al., 2008).
Previous work on road impacts in the Amazon permits certain
conclusions. Roads impel some modicum of economic growth, in
part by facilitating deforestation for various forms of resource
exploitation, some of which is illegal. There are also negative
impacts in terms of wildlife mortality and disease transmission.
Planning for governance of road impacts is generally inadequate.
Those conclusions rest on specific methodological approaches
with advantages and limitations. The reliance on top-down
approaches with spatially-explicit data has permitted a detailed
geographic accounting of impacts. While such work is eminently
valuable for calling attention to the extent and spatial distribution
of particular impacts, it has often paid less attention to the range of
impacts and the processes behind them. In particular, such
approaches carry the liabilities of making a priori decisions about
the impacts to be studied.
Bottom-up approaches based on stakeholder perspectives offer
the complementary advantages of more mixed qualitative and
quantitative assessments that are not a priori bounded in terms
of the range of impacts identified. Stakeholder-driven approaches
thus permit broader assessments of road impacts. Stakeholder processes are an established approach in initiatives for environmental
conservation and sustainable development in the Amazon (e.g.,
Castro and Albernaz, 2016; Folhes et al., 2015; Krause et al.,
2013; Perz et al., 2010; Sarmiento Barletti et al., 2021). In the case
of infrastructure projects, stakeholder consultations are a key element of the planning process, but are often inadequate. This is a
key reason for inadequate governance of roads in the basin
(Laurance et al., 2015; Morales-Giner et al., 2021; Perz et al.,
2008). There are a few experiences of stakeholder consultations
about road impacts in the Amazon (Mendoza et al., 2007; Perz
et al., 2019; Rodriguez and Sarmiento Barletti, 2021). We draw
on those experiences for our stakeholder-based study of the
impacts of the Interoceanic Highway.

3. Methods
While the Interoceanic Highway has been the subject of various
impact studies, most employ remotely sensed data (e.g., Milien
et al., 2021; Southworth et al., 2011), governmental data (e.g.,
Klarenberg et al., 2019; Swenson et al., 2011; Tucker Lima et al.,
2016), or information from standardized surveys (e.g., Perz et al.,
2013, 2015). They also draw on information from the late 2000s
or early 2010s, when many impacts were still unfolding.
We therefore pursued a stakeholder-based approach via workshops conducted in 2019. That year was roughly 10 years after
completion of paving of the Interoceanic Highway in the MAP frontier, and roughly 15 years since workshops on stakeholder concerns about prospective impacts (Mendoza et al., 2007). We
3
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Fig. 1. Locations of towns along the Interoceanic Highway for stakeholder workshops on road impacts, 2019.

Table 1
Participant Composition by Age Group and Organizational Affiliation by Workshop Location, Stakeholders in the MAP Frontier, 2019.
Panel A: Age Groups

18–30

31–45

46–65

65+

No data

Total

Mazuko/ Santa Rosa
Virgen de Candelaria
Laberinto
Puerto Maldonado
Planchón/ Mavila
Iberia
Iñapari
Brasiléia/ Epitaciolândia/ Cobija
Capixaba
Total

10
1
3
2
1
3
4
5
4
33

16
6
5
7
2
3
4
14
10
67

7
8
8
5
10
12
9
14
5
78

0
2
2
1
17
5
3
2
0
32

0
1
0
0
1
1
1
2
2
8

33
18
18
15
31
24
21
37
21
218

Panel B: Organizational Afifliation

Government/ University

Non-governmental
Organization

Community Association

Private Sector

None

No data

Total

Mazuko/ Santa Rosa
Virgen de Candelaria
Laberinto
Puerto Maldonado
Planchón/ Mavila
Iberia
Iñapari
Brasiléia/ Epitaciolândia/ Cobija
Capixaba
Total

5
3
6
7
2
14
8
27
12
84

2
0
0
5
0
3
1
3
2
16

4
15
12
1
5
2
4
0
6
49

2
0
0
1
1
0
5
4
1
14

20
0
0
1
22
5
3
3
0
54

0
0
0
1
1
0
0
0
0
1

33
18
18
15
31
24
21
37
21
218

We organized each workshop around two main exercises. The
first was a cards exercise. We distributed green cards and pens
to participants and asked them to indicate any positive impacts
of the Interoceanic Highway. Our query was in an open format,
and did not prompt participants to identify any particular type of
impact. Further, participants decided what they considered to be
a positive impact. Participants thus identified impacts in their
own words. Stakeholder responses indicated any change in their
lives that they attributed to the highway. We distributed multiple

Planchón/ Mavila. In terms of organizational affiliation, most communities exhibited a composition similar to the overall pattern.
The exact composition varied among communities, such that in
larger towns (e.g., Puerto Maldonado, Brasiléia/Epitaciolândia/Cob
ija) and smaller towns that are government seats (e.g., Iñapari,
Capixaba), there were more organizational representatives, and
in smaller communities, there were more citizens who were
prominent community members. In both cases, participants were
diverse, and they had resided in their community for many years.
4

World Development 159 (2022) 106061

S.G. Perz, Elsa R.H. Mendoza and A. dos Santos Pimentel

operations, shops, banks, hotels, restaurants, gas stations, taxis/
bus lines, fish farming, monocultures, legal mining, illegal mining,
legal logging, and illegal logging. We selected those indicators to
span economic sectors from resource extraction to intensification
of agriculture to transportation and various urban services. The
social changes included employment, educational institutions,
health care institutions, settlements, population, violence, other
forms of crime (e.g. prostitution), police check points, new roads,
closed roads, and churches. We picked those indicators to cover
population change, public services, crime and security, road networks, and social institutions.
For the mapping exercise, stakeholders chose the group in
which they wished to participate, with one group for each type
of impact. We provided each group with a map, a legend, and colored pencils. A team member moderated each group, providing
clarifications of the legends and guidance on how to draw the symbols on maps. Participants then used the colored pencils to delineate the areas or locations of changes on the maps. Where
applicable, participants also estimated quantitative increases and
decreases in items involving discrete events in the map legends,
noting counts where a specific type of organization became more
or less common. The team then coded the changes indicated, in
both quantitative terms where participants reported counts, and
in qualitative terms where participants indicated increases or
decreases.

cards to participants. Participants could complete as many cards as
they liked. We collected the green cards, and then distributed yellow cards to the participants, and asked them to indicate negative
impacts of the Interoceanic Highway. As before, participants
decided what they considered a negative impact, and wrote their
responses in their own words, and used as many cards as they
desired. We then provided participants with a break for coffee
and food.
During the break, we organized the green and yellow cards separately into five broad types of impacts: environmental, economic,
infrastructural, political, and social. This required some interpretation, and team members consulted internally for consistency of
interpretation. Within each type of impact, we engaged in open
coding by organizing the cards around specific topics. We coded
‘‘environmental” impacts in terms of changes concerning natural
resources, pollution, climate, wildlife and related issues. ‘‘Economic” impacts concerned changes in commerce, trade, employment, income, products, technology, and specific economic
sectors (e.g. agriculture, mining, tourism). ‘‘Infrastructural”
impacts concerned specific infrastructure (roads, bridges, communications, internet) or its direct consequences (improved access,
communication). ‘‘Political” impacts referred to state policies,
political representation, and political corruption. ‘‘Social” impacts
included social services (health, education), migration and population, cultural change, various forms of crime, and inequality. We
then placed the cards on the walls, organized by positive and negative impacts, and by type of impact.
The participants returned from their break, and we engaged
them in discussion of the comments on the cards. This was important for two purposes. First, we sought participant confirmation of
our interpretations of their responses, and whether our grouping of
their responses made sense to them. Second, we engaged the participants in a discussion of the meanings and processes of the more
commonly indicated impacts. Participants offered additional comments about specific road impacts, their underlying processes, why
prominent impacts were of particular importance to them, and
why they considered impacts to be positive or negative. In the process, participants sometimes disagreed. While infrastructure projects can sometimes cause contention among stakeholders, for
participants in our workshops, the Interoceanic Highway was a fact
of life. Participants engaged in animated discussion of the comments on the cards, and sometimes had different perspectives on
particular impacts, but their reflections indicated engagement
rather than contention. Participants also sometimes related one
impact to another, including impacts of different types.
The second exercise was a participatory mapping exercise. Prior
to the workshops, we printed out maps of the municipalities of the
workshops, showing the municipal boundaries, the Interoceanic
Highway, prominent towns, and rivers. We also developed legends
with items for mapping specific environmental, economic and
social impacts. We focused legend keys on those three topics
because they had been most often reported in previous stakeholder
workshops on impacts of the Interoceanic Highway in the MAP
frontier (Mendoza et al., 2007). The legends had lists of specific
types of environmental, economic and social impacts, in terms of
whether those items had increased or decreased since paving of
the Interoceanic Highway. Each item on the legend had a different
symbol and/or color. The environmental changes included new
protected areas, invasions of protected areas, land degradation,
timber extraction, castaña harvesting, family agriculture, cattle
ranching, use of fire to burn pastures, forest fires, desiccated creeks,
soil contamination, trash accumulation, water contamination, and
floods. We identified those indicators to cover topics with established literatures like deforestation and protected areas, as well
as other topics like water availability, pollution and flooding. The
economic items were changes in telecom businesses, industrial

4. Findings
4.1. Stakeholder comments on cards
We begin by reporting findings from the cards exercise. Overall,
workshop participants submitted 774 cards with positive impacts
and 971 cards with negative impacts of the Interoceanic Highway.
We compiled comments in terms of the types of impacts (environmental, economic, infrastructural, political, and social). Within
those types, we counted distinct impacts as confirmed by workshop participants. We also compiled comments on impacts by
location of workshop.
We then conducted a combination of qualitative and quantitative analysis, considering both the counts of comments with specific types of impacts as well as the content of the diverse impacts
reported by workshop participants. We first summed the number
of cards indicating positive and negative impacts by type of impact
for comparison, shown in Fig. 2. The findings are strong and clear,
and in some ways, they confirm previous research. Environmental
impacts were commonly reported and largely negative; economic
impacts were also frequent and mostly positive. That said, other
findings were more intriguing. Infrastructural changes were also
common, but surprisingly mixed. Social impacts were reported
most frequently of all, and were mostly negative.
We also evaluated positive and negative comments by the location of the stakeholder workshops. We held workshops along three
distinct segments of the Interoceanic Highway in the MAP frontier:
1) southern Madre de Dios, Peru, in the transition from the Amazonian lowlands up to the Andean highlands where a gold mining
boom has unfolded; 2) eastern Madre de Dios, a relatively remote
part of Peru, up to the border with Brazil; and 3) eastern Acre, Brazil, along the border with Pando, Bolivia. We conducted four workshops in the first segment, three in the second, and two in the
third. Fig. 3 organizes the workshop locations in that order, and
shows distinct findings among the three segments. In the first four
workshops, there were more negative than positive comments,
especially from the Mazuko/ Santa Rosa and Virgen de Candelaria
workshops, closest to the gold fields. In the other five workshops
corresponding to the other two road segments, there were roughly
5
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Fig. 2. Positive and Negative Comments on Impacts of the Interoceanic Highway, by Type of Impact, Stakeholders in the MAP Frontier, 2019.

Fig. 3. Positive and Negative Comments on Impacts of the Interoceanic Highway, by Location of Workshop, Stakeholders in the MAP Frontier, 2019.

Candelaria. Many stakeholders in those locations reported significant problems with drainage due to construction of the Interoceanic Highway, which caused flooding and washed out bridges
and other infrastructure. This stemmed from the more uneven
topography of those locations, which are situated in the AndesAmazon transition, where numerous creeks cross the highway
and heavy rains lead to rapid drainage down hillsides.
These quantitative findings however obscure the qualitative
content of the specific types of impacts reported. Overall, workshop participants reported 28 distinct positive impacts and 41 different negative impacts of the Interoceanic Highway (not including
‘‘other” impacts and unclear comments). Within each type of
impact (environmental, economic, infrastructural, social and political) there were two or more specific impacts noted, both for positive and negative impacts. We therefore present detailed findings

equal numbers of positive and negative comments. This indicates
geographic variation in stakeholder comments on the balance of
positive and negative impacts of the Interoceanic Highway.
To illuminate explanations for these differences, Table 2 provides a more detailed breakdown of positive and negative comments, by type of impact and workshop location. For each
workshop location and type of impact, we provide two numbers.
Each refers to the number of comments, with the first indicating
the number of positive comments in that workshop location about
that type of impact and the second denoting the number of negative comments for comparison. While economic comments were
mostly positive in all workshops, comments on environmental,
political and social impacts were mostly negative in all workshops.
There was geographic variation in the infrastructural impacts,
which were mostly negative in Mazuko/Santa Rosa and Virgen de
6
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Table 2
Positive / Negative Comments on Highway Impacts by Type of Comment and Workshop Location, Stakeholders in the MAP Frontier, 2019.

Mazuko/ Santa Rosa
Virgen de Candelaria
Laberinto
Puerto Maldonado
Planchón/ Mavila
Iberia
Iñapari
Brasiléia/ Epitaciolândia/ Cobija
Capixaba
TOTAL

Environ- mental

Economic

Infra- structural

Political

Social

Other/ Unclear

TOTAL

0 / 37
0 / 10
0 / 27
2 / 13
0 / 13
3 / 21
7 / 19
3 / 40
0 / 20
15 / 200

45 / 11
36 / 16
22 / 3
23 / 8
41 / 5
37 / 4
41 / 5
78 / 7
26 / 2
349 / 61

27 / 66
32 / 49
29 / 17
9/3
29 / 10
15 / 3
29 / 4
28 / 10
21 / 10
219 / 172

0/9
1/3
1/6
5 / 10
2/6
0/4
2/2
4 / 12
1/1
16 / 53

21 / 49
13 / 45
12 / 31
5 / 52
28 / 60
16 / 56
25 / 59
23 / 53
22 / 40
165 / 445

1/5
0/4
2/4
0/2
2/2
0/2
0/8
4/9
1/4
10 / 40

94 / 177
82 / 127
66 / 88
44 / 88
102 / 96
71 / 90
104 / 97
140 / 131
71 / 77
774 / 971

Note. Numbers refer to counts of comments. For each pair of numbers, the first refers to comments indicating positive impacts, and the second refers to comments denoting
negative impacts.

were three environmental, nine economic, eight infrastructural,
two political, and six social. Stakeholders thus reported a much
broader array of positive impacts than has been featured in previous research on roads in the Amazon. Positive environmental
impacts included improved regulation and reforestation. Positive
economic impacts highlighted economic growth, increased sales
of agricultural products, increased tourism, the arrival of new
products, and increased incomes. Positive infrastructural changes
included improved transit and accessibility, and international integration. The two favorable political impacts were increased state
presence and better access to elected representatives. Salient social
benefits included improved access to health care services and educational institutions, and increased community integration. While
some of these positive impacts have been noted in previous
research on major roads in the Amazon, stakeholders also pointed
out other impacts in contrast to previous scholarship. This includes
all of the positive environmental impacts cited (improved regulation and reforestation), economic impacts such as the arrival of
new products and increased tourism, both political impacts cited
(state presence and better access to elected representatives), as
well as many of the social impacts. The stakeholder workshops
thus call attention to a diversity of less-studied positive impacts
of infrastructure, at least for the case of the Interoceanic Highway.
Table 4 presents the specific negative impacts. Stakeholders
reported eight environmental, seven economic, 11 infrastructural,
five political, and 10 social impacts. Workshop participants thus
reported a broad array of negative outcomes of the Interoceanic
Highway. Indeed, the stakeholder lists exceed the long lists of possible negative impacts of the Interoceanic Highway published by
prominent critics before paving concluded (Dourojeanni, 2006).
Salient negative environmental impacts reported by stakeholders
included pollution, deforestation, and logging. Among the negative
economic consequences, workshop participants noted lack of economic opportunity, as well as lack of opportunities to sell agricultural produce. Concerning the infrastructural problems,
stakeholders called particular attention to drainage issues, traffic
accidents, lack of traffic signals and speed bumps, and lack of
bridges to homesteads and businesses. The negative political
impacts featured the problem of political corruption, which
stemmed from the Lava Jato investigations. The negative social
impacts highlighted violent crime, drug trafficking, in-migration
of strangers, inadequate access to health care, prostitution/human
trafficking, and land invasions/agrarian conflicts. While the last of
these was the focus of earlier work on social impacts of roads in
the Amazon, the others have received rather less attention. The
same can be said about environmental impacts, which highlighted
deforestation, a heavily-studied issue, alongside pollution, which
has received much less attention. Stakeholders thus called attention to numerous issues, many beyond those on which scholars
have focused.

on the range of positive (P) and negative impacts (N), for environmental (A), economic (E), infrastructural (I), political (P) and social
impacts (S), with unique identifiers for each specific impact. Hence
the first of the positive environmental impacts coded would be
PA1; the fifth negative social impact would be NS5; and so on.
Table 3 presents the positive impacts in the order in which they
were identified during coding. Among the specific impacts, there

Table 3
Positive Impacts of the Interoceanic Highway Reported by Stakeholders in the MAP
Frontier, 2019.
Impact Type

Code

Impact

Count

Environmental

PA1

More initiatives for conservation and
environmental regulation
Reforestation
Forest certification and sustainable
management
Increased commerce, economic growth,
new businesses
Increased income, buying power, and/or
lower prices
Increased agriculture, more products, more
sales, value-added processing
Arrival of new, better, fresher, or more
diverse products
Increased value or price of land
Increased commerce among regions or
countries, increased international trade
Increased tourism
New financial firms, more credit for
investment
Arrival of high-quality professionals
Improved or easier access, faster
transportation
International integration, frontier
development
More movement of commercial freight,
heavy cargo
Better bridges
Improved communication, internet access
More reliable electricity
Increased urbanization, urban housing
More secondary roads
Increased state presence
Improved communication with
representatives, and among levels of
government
Population growth
Improved health care services
Improved educational institutions
Improved communication, community
integration
Increased cultural or international
exchange
Improved access to food

6

PA2
PA3
Economic

PE1
PE2
PE3
PE4
PE5
PE6
PE7
PE8

Infrastructure

PE9
PI1
PI2
PI3

Political

Social

PI4
PI5
PI6
PI7
PI8
PP1
PP2

PS1
PS2
PS3
PS4
PS5
PS6

Other
Unclear

6
3
127
27
81
31
17
22
36
4
4
155
23
14
5
9
7
3
3
7
9

14
49
44
36
21
1
10
0
7
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cussion of the cards exercise by noting the top 10 most commonly
reported positive and negative impacts of the Interoceanic Highway. Fig. 4 therefore presents the top 10 most common positive
comments (based on Table 3). Not surprisingly, the most commonly cited benefits concerned improved access via faster travel
(PI1, 155 comments), followed by economic impacts involving
commercial growth (PE1, 127 comments) and agricultural expansion (PE3, 77 comments). Overall, five of the top 10 most frequent
comments concerned economic benefits, including increased tourism, better products, and increased income. Stakeholders also frequently noted specific social benefits, including improved health
care services (PS2, 49 comments) and improved educational institutions (PS3, 44 comments). While workshop participants indicated a wide range of positive impacts of the Interoceanic
Highway, the most common benefits, which were economic, have
received ample attention in previous studies.
Fig. 5 presents the 10 most frequent comments involving negative impacts of the Interoceanic Highway (based on Table 4). Here
there are many contrasts with regard to previous research on roads
in the Amazon. While deforestation was frequently mentioned
(NA2, 56 comments), it is fifth on the list, well behind another
environmental concern, pollution, which placed second (NA3, 77
comments). Further, it is social impacts that prevail in Fig. 5. Six
of the top 10 negative impacts of the Interoceanic Highway are
social problems, including violent crime, migration, drug trafficking, lack of health care services, prostitution, and land invasions.
Most of the negative social impacts involve various forms of illegal
activity, including violent crime (NS4 on threats, assaults, robberies and murders and NS7 on land conflicts) and non-violent
crime (NS5 on prostitution and NS6 on drug trafficking). By far
the most commonly cited negative impact was NS4 on violent
crime (155 comments). While previous work has rightly highlighted problems of roads facilitating the illegal exploitation of natural resources, it has attended much less to violence other than
land conflicts. To be sure, land conflicts is 10th on the list among
negative impacts. But several other forms of crime were more salient in the MAP stakeholder workshops. The negative social impacts
of the Interoceanic Highway are broader than has been recognized
in previous research on road impacts.

Table 4
Negative Impacts of the Interoceanic Highway Reported by Stakeholders in the MAP
Frontier, 2019.
Impact Type

Code

Impact

Count

Environmental

NA1
NA2
NA3

Logging, forest degradation
Deforestation, loss of forests, fires
Environmental pollution (air, water, solid
waste)
Illegal mining as an environmental threat
Change in courses of rivers, erosion of
riverbanks
Decrease in size of rivers, reduced access to
water
Wildlife killed while crossing the highway
Climate change
Lack of economic activity or opportunity;
unemployment
Lack of support for agriculture, lack of
options to sell products or to export
produce
Increases in land prices, land speculation
Illegal mining as an economic threat
Change in land use, agricultural
overproduction
Lack of preparation for changing markets,
lack of local commercial organization
Increased taxes, cost of living
Lack of traffic signals, speed bumps, traffic
control
Problems with drainage and ditches,
flooding along the highway
Lack of bridges over drainage ditches at
entrances to properties and schools
Increased traffic, danger on the highway,
traffic congestion, traffic accidents
Lack of schools
Lack of health care facilities
Lack of water infrastructure
High prices at highway toll booths, illegal
tolls
Lack of road maintenances, poorlyconstructed infrastructure
Lack of electricity
Lack of adequate secondary roads, informal
secondary roads
Political corruption
Lack of presence of the state, consultations
of local peoples
Lack of policies, planning, land use zoning
Bureaucracy, lack of governmental
coordination, lack of policy
implementation
Policies that restrict development
Lack of educational opportunities
Lack of health care services, lack of
treatments for new diseases
Lack of water provision, sewage and
sanitation services, trash collection
Violent crime: delinquency, threats,
robberies, assaults, murders, arms
trafficking
Prostitution, sexual crimes, human
trafficking
Drug trafficking, drug use, drug addiction
Land invasions, land conflicts
In-migration, social disorganization,
itinerant population, loss of local culture
Bars, fights at bars
Poverty, malnutrition

27
56
77

NA4
NA5
NA6

Economic

NA7
NA8
NE1
NE2

NE3
NE4
NE5
NE6

Infrastructure

NE7
NI1
NI2
NI3
NI4
NI5
NI6
NI7
NI8
NI9
NI10
NI11

Political

NP1
NP2
NP3
NP4

Social

NP5
NS1
NS2
NS3
NS4

NS5
NS6
NS7
NS8
NS9
NS10
Other
Unclear

14
5
6
13
2
20
14

8
6
4
5
4
23
46
17
52
2
2
5
5
11
3
6
28
8

4.2. Stakeholder participatory maps

8
7

We turn to the findings from the participatory mapping exercise. Fig. 6 presents an example stakeholder map of economic
impacts. This example shows that stakeholders often made notes
about the details of specific changes occurring in their municipalities. In this and other cases, impacts are concentrated along the
highway and around local towns. We found that stakeholders often
had limited experience in mapping, and thus estimated the areas
impacted in quite different ways, which makes quantitative areal
estimation doubtful. We therefore focus on the map legends. For
the legends, we focus on items involving discrete events that stakeholders could count, like the number of new gas stations or health
centers. For the counts, we summed the appearance as well as loss
(disappearance) of each item, to see if more gas stations opened
than closed. Participants were able to arrive at consensus about
counts, which permitted calculation of increments and decrements
in each item. Because some municipalities had larger land areas
and populations than others, with very different bases for calculation of rates, we thus focus our analysis on the direction of change
instead of rates of change. With information about increases and
decreases in the legend items, we found that most items showed
strong increments while very few had any decrements. We therefore calculated the percentage of municipalities with increases.
Calculation of percentages across municipalities permits an evaluation of how widespread a given item exhibited increments.

2
17
42
5
155

41
66
39
69
5
6
24
16

This qualitative analysis featuring the diversity of impacts however obscures the relative importance of specific impacts for stakeholders. In the foregoing paragraph, we admittedly noted the more
commonly-reported impacts within each type. That still fails to
quantify the differences in salience. We therefore conclude our dis8
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Fig. 4. Top 10 Positive Comments on Impacts of the Interoceanic Highway, Stakeholders in the MAP Frontier, 2019.

180
160
140
120
100
80
60
40
20
0

Fig. 5. Top 10 Negative Comments on Impacts of the Interoceanic Highway, Stakeholders in the MAP Frontier, 2019.

almost everywhere, whether in terms of monocultures or fish
farms. Much less common were mining (including illegal mining),
which was limited to the gold fields west of Puerto Maldonado.
Logging and especially illegal logging had however increased in
many municipalities. The mapping exercise thus indicates widespread economic growth, especially outside the extractive sectors.
This contrasts with the focus in previous work on highways and
resource extraction in the Amazon.
Fig. 8 shows percentages of municipalities where stakeholders
reported increases in the environmental indicators. As with economic indicators, workshop participants largely reported environmental increases, so we focus on those. That said, stakeholders did
not report increases in environmental problems as widely as they
reported increases in economic activity. In a few workshops, participants reported establishment of new protected areas, though
invasions of protected areas (including their buffer zones) were
more widespread. Land degradation was noted universally, but

This permits a geographic analysis of the extent of specific
changes across municipalities in the MAP frontier. We focus on a
comparison of Peruvian and Brazilian participants, who constituted the large majority of the stakeholders in the workshops, a
reflection of the geography of the Interoceanic Highway in the
MAP frontier. Consequently, for the geographic comparisons, we
differentiate findings between municipalities represented in
Acre/Brazil (n = 3) and Madre de Dios/Peru (n = 9). However, totals
reflect responses from participants in all 13 municipalities in the
workshops.
Fig. 7 shows the percentage of workshop municipalities where
stakeholders reported increases in various indicators of economic
activity. Fig. 7 shows that virtually everywhere, the Interoceanic
Highway facilitated increases in services, industry, and commerce,
as well as financial institutions and various businesses oriented to
travelers and tourism (hotels and restaurants, gas stations and
taxis/bus lines). Similarly, agricultural intensification increased
9
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Fig. 6. Stakeholder Map of Environmental Impacts of the Interoceanic Highway, Brasiléia, Acre, Brazil, 2019.
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Fig. 7. Percentage of Municipalities with Increased Businesses and Economic Activity, MAP Frontier, 2019.

noted. Instead, the environmental mapping groups focused more
on the expansion of family farms and cattle ranches, and the closely related issues of the increased use of fire to prepare land for
agriculture, the rising risks of fires entering forests, and the desiccation of streams in deforested areas. While the growth of family
farms was more widespread in Madre de Dios, the indicators

referred to different processes in different places, from gold mining
in southern Madre de Dios to soil erosion and declining soil productivity in eastern Madre de Dios and Acre. Curiously, stakeholders in few workshops remarked on timber extraction or castaña
harvesting as environmental issues, though in the economic mapping groups, logging (including illegal logging) was commonly
10
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Fig. 8. Percentage of Municipalities along the Interoceanic Highway with Increases in Environmental Indicators, MAP Frontier, 2019.

that demographic growth coincided with more positive or negative
social changes. Interestingly, stakeholders commonly reported
both positive and negative social changes across workshops. In
terms of widespread positive changes, stakeholders indicated rising employment, schools, and churches. Common negative changes
focused on violent crime; in stark contrast, virtually none of the
workshops indicated an increase in policing, at least in terms of
police checkpoints along the Interoceanic Highway. We heard
extensive comments on the various forms of violent crime along
the highway as well as in towns through which the highway
passed, frequently in tandem with complaints about the lack of
police presence, which together were understood to permit the
free circulation of gangs, bandits, drug traffickers, and other criminal groups. Other changes differed between Madre de Dios and
Acre. In terms of positive changes, whereas stakeholders in all
workshops in Acre reported an increase in health care organizations, that was rare in Madre de Dios. Among negative changes,

related to fire were reported more often in Acre. Some stakeholders
saw these problems as consequences of the Interoceanic Highway,
while others underscored climate change as the driver. Environmental mapping groups also commonly but not universally
reported problems of increased pollution, whether soil contamination, inappropriate trash disposal, and water pollution, whether in
urban areas or along the roadsides. In most workshops, stakeholders also reported problems of flooding, sometimes with respect to
the Interoceanic Highway, and sometimes with regard to climate
change. These findings confirm stakeholder concerns with a broad
array of environmental problems beyond land cover change as consequences of the Interoceanic Highway.
Social changes among municipalities along the Interoceanic
Highway appear in Fig. 9. As elsewhere, we focus on increases
because they were most commonly reported. Workshop participants often noted increases in population and settlements as facilitated by the Interoceanic Highway. The question then is whether
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Fig. 9. Percentage of Municipalities along with Interoceanic Highway with Increases in Social Indicators, MAP Frontier, 2019.
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activities in the Amazon. Theory from environmental criminology
concerning accessibility would support the argument that infrastructure itself is a cause of various types of crime. Because diverse
stakeholders are broadly concerned about public safety, a specifically criminological focus on infrastructure impacts would offer a
strategy to motivate improved planning of infrastructure. The prospect of increased crime would require infrastructure advocates to
explain how infrastructure planning would provide for governance
of impacts, featuring measures to ensure public safety. Arguments
for infrastructure as a key to economic development would thus
encounter the challenge of ensuring public safety as a key to social
well-being.
Another key implication of the findings concerns the large number of different impacts, which in some cases exhibit synergies.
One issue that was discussed concerned the infrastructure impact
of improved access as related to economic growth, as well as
improved access to social services, especially education and health,
but also as facilitative of various forms of crime. This example
highlights how synergies from infrastructure can simultaneously
yield both positive and negative outcomes. Other examples include
how improvements in access made it easier to pursue environmental improvements like reforestation despite increasing deforestation, and how increased migration and more business activity
also yielded increased urban solid waste production. Beyond
simultaneous synergistic effects, participants noted that infrastructure improvements could catalyze synergies via feedbacks to
infrastructure. In particular, participants pointed to positive feedbacks among several negative impacts of the Interoceanic Highway, such that negative impacts magnify each other.
Infrastructure facilitates deforestation and mining, which modify
local precipitation. At the same time, climate change in the Amazon manifests in more extreme weather in terms of droughts as
well as floods (e.g., Nagy et al., 2016). The loss of vegetation due
to the highway thus worsens the impacts of climate change, resulting in loss of access to water during droughts and rapid runoff and
floods during heavy rains. Another concern involving feedbacks
was that infrastructure may improve access to education, but the
arrival of gangs and the increase of gang activity in schools could
result in kids leaving school before finishing. Parents and religious
leaders pointed to the rise in profitable illegal activities as an
attractive alternative, which detours young people from education
to crime, and in the future will undermine labor recruitment for
legitimate business enterprises and the formation of new local
leaders.
The findings about the broad range of impacts, the importance
of crime, and the synergies among impacts confirm that regional
societies in the Amazon are not prepared to govern infrastructure
impacts (cf. Balvín Diaz and Patrón Alvarez, 2008; Perz et al.,
2008). Governmental planning for infrastructure has focused on
overcoming the bureaucratic requirements to begin construction,
and not on preparation to govern the many impacts (e.g.,
Dourojeanni et al., 2010; Guerra Garcia, 2008). Macroeconomic
policies are inadequate; public audiences with presentations but
without stakeholder comments are inadequate; police presence
is inadequate; various constituencies have inadequate capacity to
compete in changing markets; and so forth. Improved governance
of road impacts is crucial to avoid problems highlighted by stakeholders, notably various forms of crime, in order for communities
and regional societies to capture the development benefits of
infrastructure.
Fortunately, workshop participants made numerous recommendations for improved governance of infrastructure in light of
their comments about impacts of the Interoceanic Highway. In
light of crime, stakeholders argued for increased police presence,
professionalization of the police, and increased efforts to control
movement across national borders. They recognized the problem

non-violent crimes, such as drug trafficking and prostitution, were
universally reported in Madre de Dios but not in Acre. That said,
stakeholders in most municipalities in both countries reported an
increase in non-violent crime. These findings broadly confirm the
comments from the cards exercise, and expand on the problem
of increased crime by noting inadequate police presence. They also
underscore the key finding that the Interoceanic Highway brought
a broad mix of positive and negative social changes.

5. Discussion
Overall, stakeholders in the MAP frontier emphasized how the
Interoceanic Highway generated economic benefits, environmental
harms and social problems. These findings confirm previous
research on the impacts of roads in the Amazon. That said, in
important ways, the findings go well beyond previous work, notably in the diversity of impacts reported, both positive and negative.
Contrary to most previous work, workshop participants noted various economic problems and environmental and social benefits of
the highway. Stakeholders also reported a roughly equal mix of
infrastructural improvements and complications. More generally,
stakeholders identified numerous positive and negative impacts
involving topics not very frequently studied in previous research.
Among those topics are several of the most commonly reported
negative social impacts, especially several forms of crime, including forms of violence beyond land conflicts.
The findings reveal similarities and contrasts in the priorities of
regional stakeholders and scholars with regard to infrastructure
impacts. Whereas researchers on infrastructure in the Amazon
have often focused on environmental issues such as land cover
change and protected areas, stakeholders in the MAP frontier recognized those issues but focused more on economic, infrastructural and especially social matters. Stakeholders also exhibited
their own subjectivities about the topics they raised, whether
between municipalities or at the same workshop. On the issue of
gold mining, some stakeholders brought up environmental issues
such as water pollution, while others raised the topic in economic
terms. More generally, different stakeholders raised the same topic
but framed it positively or negatively. In comments about economic growth, many workshop participants had positive comments, but others questioned the benefits of economic growth,
noting persistent unemployment and lack of opportunities for local
agricultural producers.
The single biggest issue for stakeholders in the MAP frontier
regarding impacts of the Interoceanic Highway concerned crime.
Workshop participants provided comments on a diversity of criminal activities that went far beyond illegal resource exploitation
typically featured in Amazonian scholarship. Stakeholders noted
how the highway facilitated the arrival of gangs, cartels, traffickers
and other criminal groups. The paving of the Interoceanic Highway
was followed by complex dynamics in organized crime in the MAP
frontier, as drug traffickers adjusted their routes, gangs became
established in local towns, and networks emerged to manage illicit
commodity chains. Workshop participants made clear that various
forms of crime from petty theft to assaults now occur regularly
along the Interoceanic Highway, and that organized criminal
groups use the corridor for trafficking of various commodities,
including timber as well as drugs and even people. The growth of
diverse forms of crime in the MAP frontier matters because it indicates that the Interoceanic Highway has facilitated not just illegal
logging but various other types of illicit activities. The diverse
range of crime noted by stakeholders suggests that a broader criminological approach to understanding infrastructure impacts would
be useful. There remains a need for more systematic attention to
how infrastructure fosters criminogenic processes that yield illicit
12
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of urban pollution by calling for improvements in solid waste management, including enforcement of laws against water pollution.
They acknowledged the problem of disease contagion by calling
for establishment of health posts outside of regional capitals at
strategic locations such as border towns. They understood the negative consequences of forest loss by calling for consistent enforcement of environmental laws against illegal deforestation, logging,
burning, and invasions of protected areas. They pointed out in
detail the traffic problems of the highway itself, calling for more
traffic signals and speed bumps in and around urban areas, and
for bridges over drainage ditches. They also understood the inadequacies of infrastructure planning by arguing for improvements in
local governance plans, recognizing many road impacts and their
variation among municipalities. Such recommendations amounted
to proposals to mitigate negative outcomes in order to capture
benefits, especially in terms of business opportunities, notably in
tourism, as well as in improved organization of local producers
to reach regional, national and international markets.
Stakeholder-based evaluations of infrastructure impacts thus
offer important complements to the valuable scholarly literature.
In the case of the Interoceanic Highway in the MAP frontier, stakeholders identified a broad array of both positive and negative
impacts. Key findings confirmed results from previous work, but
also highlighted important impacts that have heretofore received
little attention. Economic problems, environmental benefits, and
infrastructural issues all deserve more inquiry. In particular, criminological theory and research are needed to recognize infrastructure as criminogenic. At the same time, stakeholders have
numerous valuable proposals to improve governance of infrastructure, which stems from their direct experience of diverse impacts.

Azevedo-Ramos, C., Moutinho, P., Arruda, V. L. da S., Stabile, M. C. C., Alencar, A.,
Castro, I., & Ribeiro, J. P. (2020). Lawless land in no man’s land: The
undesignated public forests in the Brazilian Amazon. Land Use Policy, 104863.
https://doi.org/10.1016/j.landusepol.2020.104863.
Baletti, B. (2012). Ordenamento Territorial: Neo-developmentalism and the struggle
for territory in the lower Brazilian Amazon. Journal of Peasant Studies, 573–598.
https://doi.org/10.1080/03066150.2012.664139.
Balvín Diaz, D., & Patrón Alvarez, P. (2008). Carretera Interoceánica Sur:
Consideraciones para su Aprovechamiento Sostenible. Ilo: Asociación Civil Labor/
Amigos de la Tierra.
Barber, C. P., Cochrane, M. A., Souza, C. M., Jr, & Laurance, W. F. (2014). Roads,
deforestation and the mitigating effect of protected areas. Biological
Conservation, 209–209. https://doi.org/10.1016/j.biocon.2014.07.004.
Bauch, S. C., Birkenbach, A. M., Pattanayak, S. K., Sills, E. O. (2015). Public Health
Impacts of Ecosystem Change in the Brazilian Amazon. Proceedings of the
National Academy of Sciences, 7414-7419. 10.1073/pnas.1406495111.
Baynard, C. W., Ellis, J. M., & Davis, H. (2013). Roads, petroleum, and accessibility:
The case of Eastern Ecuador. Geojournal, 675–695. https://doi.org/10.1007/
s10708-012-9459-5.
Bernasco, W., & Luykx, F. (2003). Effects of attractiveness, opportunity and
accessibility to burglars on residential burglary rates of urban neighborhoods.
Criminology, 981–1001. https://doi.org/10.1111/j.1745-9125.2003.tb01011.x.
Bonifaz, J. L., Urrunaga, R., & Astorne, C. (2008). Estimación de los Benefícios de la
Carretera Interoceánica. Lima: Centro de Investigación, Universidad del Pacífico.
Botazzi, P., & Dao, H. (2013). On the road through the Bolivian Amazon: A multilevel land governance analysis of deforestation. Land Use Policy, 137–146.
https://doi.org/10.1016/j.landusepol.2012.03.010.
Bourguignon, F., Pleskovic, B. (2008). Rethinking infrastructure for development.
Annual World Bank conference on development economics—2007. Washington,
DC: World Bank.
Brancalion, P. H. S., de Almeida, D. R. A., Vidal, E., Molin, P. G., Sontag, V. E., Souza, S.
E. X. F., Schulze, M. D. (2018). Fake legal logging in the Brazilian Amazon. Science
Advances, article eaat1992. 10.1126/sciadv.aat1192.
Brandão, A. O., Jr., & Souza, C. M. Jr., (2006). Mapping unofficial roads with Landsat
images: A new tool to improve the monitoring of the Brazilian Amazon
rainforest. International Journal of Remote Sensing, 177–189. https://doi.org/
10.1080/01431160500353841.
Bruinsma, G. J. N., & Johnson, S. D. (Eds.). (2018). The Oxford Handbook of
Environmental Criminology. New York: Oxford University Press.
Caballero Espejo, J., Messinger, M., Román-Dañobeytia, F., Ascorra, C., Fernandez, L.
E., & Silman, M. (2018). Deforestation and forest degradation due to gold mining
in the Peruvian Amazon: A 34-year perspective article 1903. Remote Sensing.
https://doi.org/10.3390/rs10121903.
Caires, H.S., Souza, C. R., Lobato, D. N. C., Fernandes, M. N. S., Damasceno, J. S. (2019).
Roadkilled Mammals in the Northern Amazon Region and Comparisons with
Roadways in Other Regions of Brazil. Iheringia Serie Zoologica, article e2019036.
10.1590/1678-4766e2019036.
Calderón, C., & Serven, L. (2004). The effects of infrastructure development on growth
and income distribution. Santiago: Central Bank of Chile.
Carpio, C., Donoso, D. A., Ramón, G., & Dangles, O. (2009). Short term response of
dung beetle communities to disturbance by road construction in the Ecuadorian
Amazon. Annales de la Société Entomologique de France, 455–469. https://doi.org/
10.1080/00379271.2009.10697629.
Castro, R. B., & Albernaz, A. L. (2016). Consistency and use of information about
threats in the participatory process for identification of priority conservation
areas in the Brazilian Amazon. Journal for Nature Conservation, 44–51. https://
doi.org/10.1016/j.jnc.2016.01.003.
Ceccato, V., Uittenbogaard, A. (2013). Environmental and Wildlife Crime in Sweden.
International Journal of Rural Criminology, 25-52. 10.18061/1811/58848.
Chen, Z., & Li, X. (2021). Economic impact of transportation infrastructure
investment under the Belt and Road Initiative. Asia Europe Journal, 131–159.
https://doi.org/10.1007/s10308-021-00617-3.
Corporación Andina de Fomento (CAF) (2013). Carretera Interoceánica: Retos de
Innovación. Bogotá: CAF.
Cortés-McPherson, D. (2019). Expansion of small-scale gold mining in Madre de
Dios: ‘capital interests’ and the emergence of a new elite of entrepreneurs in the
Peruvian Amazon. Extractive Industries and Society, 382–389. https://doi.org/
10.1016/j.exis.2019.01.002.
Cortez, V., E. Canal, J.C. Dupont-Turkowsky, T. Quevedo, C. Albujar, T.-C. Chang et al.,
(2018). Identification of Leptospira and Bartonella among rodents collected
across a habitat disturbance gradient along the Inter-Oceanic Highway in the
southern Amazon Basin of Peru. PLoS ONE, article e0205068. 10.1371/journal.
pone.0205068.
Cowan, D., Moreto, W. D., Burton, C., Nobles, M. R., & Singh, R. (2020). Applying
crime pattern theory and risk terrain modeling to examine environmental
crime in Cambodia. Journal of Contemporary Criminal Justice, 327–350. https://
doi.org/10.1177/1043986220923467.
Damonte, G. H. (2018). Mining formalization at the margins of the state: Small-scale
miners and state governance in the Peruvian Amazon. Development and Change,
1314–1335. https://doi.org/10.1111/dech.12414.
Dávalos, L. M., Schwartz, K. M., & Armenteras, D. (2016). Deforestation and coca
cultivation rooted in twentieth-century development projects. BioScience, 974–
982. https://doi.org/10.1093/biosci/biw118.
Demurger, S. (2001). Infrastructure and economic growth: An explanation for
regional disparities in China? Journal of Comparative Economics, 95–117. https://
doi.org/10.1006/jcec.2000.1693.

CRediT authorship contribution statement
Stephen G. Perz: Conceptualization, Project administration,
Formal analysis, Investigation, Methodology, Resources, Writing original draft, Writing - review & editing. Elsa R.H. Mendoza: Conceptualization, Project administration, Funding acquisition, Investigation, Methodology, Resources, Supervision, Writing - review &
editing. Alan dos Santos Pimentel: Project administration, Investigation, Software, Visualization.
Declaration of Competing Interest
The authors declare that they have no known competing financial interests or personal relationships that could have appeared
to influence the work reported in this paper.
Acknowledgments
Funding for this work came from Earth Innovation Institute and
the first author. The authors thank the participants of the stakeholder workshops for their time and contributions. The authors
bear responsibility for errors and interpretations of the work
reported.
References
Alencar, A., Nepstad, D., McGrath, D., Moutinho, P., Pacheco, P., Vera Diaz, M. C., et al.
(2004). Desmatamento na Amazônia: Indo além da Emergencia Cronica. Belém:
IPAM.
Alston, L. J., Libecap, G. D., & Mueller, B. (1999). Titles, conflict and land use: The
development of property rights and land reform on the Brazilian Amazon Frontier.
Ann Arbor: University of Michigan Press.
Aschauer, D. A. (1989). Is public expenditure productive? Journal of Monetary
Economics, 23(2), 177–200.
Asner, G. P., & Tupayachi, R. (2017). Accelerated losses of protected forests from
gold mining in the Peruvian Amazon. Environmental Research Letters, 12. https://
doi.org/10.1088/1748-9326/aa7dab 094004.
13

S.G. Perz, Elsa R.H. Mendoza and A. dos Santos Pimentel

World Development 159 (2022) 106061

Dourojeanni, M. (2006). Estudio de Caso sobre la Carretera Interoceanica en la
Amazonia Sur del Peru. Lima: SERVIGRAH’ EIRL.
Dourojeanni, M., Barandiarán, A., & Dourojeanni, D. (2010). Amazonia Peruana en
2021. Explotacion de Recursos Naturales e Infraestructura (2nd ed.). Lima: SPDA.
Durand, F. (2018). Odebrecht: La Empresa que Capturaba Gobiernos. Lima: Pontificia
Universidad Católica del Peru/OXFAM.
Espinosa, S., G. Celis, and L.C. Branch. (2018). When Roads Appear Jaguars Decline:
Increased Access to an Amazonian Wilderness Area Reduces Potential for Jaguar
Conservation. PLoS ONE, article e0189740. 10.1371/journal.pone.0189740.
Fan, S., Zhang, L., & Zhang, X. (2004). Reform, investment, and poverty in China.
Economic Development and Cultural Change, 395–421.
Ferrante, L., M. Bento Trindade de Andrade, L. Leite, C.A. Silva Junior, M. Lima, M.G.
Coelho Junior, E. Carvalho da Silva Neto, D. Campolina, K. Carolino, L.M. DieleViegas, E. Johnson de Area Leão Pereira, and P.M. Fearnside. (2021). Brazil’s
Highway BR-319: The road to the collapse of the Amazon and the violation of
indigenous rights. DIE ERDE – Journal of the Geographical Society of Berlin, 65-70.
10.12854/erde-2021-552.
Filius, J., van der Hoek, Y., Jarrin-V, P., & van Hooft, P. (2020). Wildlife roadkill
patterns in a fragmented landscape of the Western Amazon. Ecology &
Evolution, 6623–6635. https://doi.org/10.1002/ece3.6394.
Folhes, R. T., Dutra de Aguiar, A. P., Stolla, E., Lennon Dalla-Norac, E., Araújo, R.,
Coelho, A., et al. (2015). Multi-scale participatory scenario methods and
territorial planning in the Brazilian Amazon. Futures, 86–99. https://doi.org/
10.1016/j.futures.2015.08.005.
Frith, M. J., Johnson, S. D., & Fry, H. M. (2017). The role of the street network in
burglars’ spatial decision-making. Criminology, 344–376. https://doi.org/
10.1111/1745-9125.12133.
Gallice, G. R., Larrea-Gallegos, G., & Vásquez-Rowe, I. (2019). The threat of road
expansion in the Peruvian Amazon. Oryx, 284–292. https://doi.org/10.1017/
S0030605317000412.
Gibson, J., & Rozelle, S. (2003). Poverty and access to roads in Papua New Guinea.
Economic Development and Cultural Change, 159–185.
Gramlich, E. (1994). Infrastructure investment: A review essay. Journal of Economic
Literature, 1176–1196.
Guerra Garcia Picasso, G. (2005). Interoceánica: Una Inversión a Ciegas. Available at
https://peruenrumba.blogspot.com/2005/06/interocenica-una-inversin-ciegas.
html. Accessed 1 July 2018.
Guerra-Garcia Picasso, G. (2008). Economia Politica, Infraestructura e Integración:
El Caso Peruano. In M. Mesquita Moreira, F. Navajas, and R. Carciofi (Eds.),
Integracion & Comercio (pp. 229-250). Buenos Aires: BID.
Gunasekera, K., Anderson, W., & Lakshmanan, T. R. (2008). Highway-induced
development: Evidence from Sri Lanka. World Development, 2371–2389. https://
doi.org/10.1016/j.worlddev.2007.10.014.
Hahn, M.B., R.E. Gangnon, C. Barceloss, G.P. Asner, and J.A. Patz. (2014). Influence of
Deforestation, Logging and Fire on Malaria in the Brazilian Amazon. PLoS ONE,
article e85725. 10.1371/journal.pone.0085725.
Hoefle, S. W. (2006). Twisting the knife: Frontier Violence in the Central Amazon of
Brazil. Journal of Peasant Studies, 445–478. https://doi.org/10.1080/
03066150601062993.
Islamjanova, A. (2017). The impact of silk road economic belt on economic
development of the Republic of Kazakhstan: The Case of Khorgos City. Journal of
Social Science Studies, 177–192.
Jacoby, H. G. (2000). Access to markets and the benefits of rural roads. Economic
Journal, 713–737. https://doi.org/10.1111/1468-0297.00562.
Jusys, T. (2018). Changing patterns in deforestation avoidance by different
protection types in the Brazilian Amazon. PLoSONE, article e0195900.
10.1371/journal.pone.0195900.
Klarenberg, G., Muñoz-Carpena, R., Perz, S., Baraloto, C., Marsik, M., Southworth, J.,
et al. (2019). A spatiotemporal natural-human database to evaluate road
development impacts in an Amazon trinational frontier article 93. Scientific
Data. https://doi.org/10.1038/s41597-019-0093-7.
Klingler, M., & Mack, P. (2020). Post-frontier governance up insmoke? Free-for-all
frontier imaginations encourage illegal deforestation and appropriation of
public lands in the Brazilian Amazon. Journal of Land Use Science, 424–438.
https://doi.org/10.1080/1747423X.2020.1739765.
Krause, T., Collen, W., & Nicholas, K. A. (2013). Evaluating safeguards in a
conservation incentive program: Participation, consent, and benefit sharing in
indigenous communities of the Ecuadorian Amazon article 1. Ecology and
Society. https://doi.org/10.5751/ES-05733-180401.
Kurland, J., Pires, S. F., & Marteache, N. (2018). The spatial pattern of redwood burl
poaching and implications for prevention. Forest Policy and Economics, 46–54.
https://doi.org/10.1016/j.forpol.2018.06.009.
Laurance, W. F., Cochrane, M. A., Bergen, S., Fearnside, P. M., Delamonica, P., Barber,
C., et al. (2001). The Future of the Brazilian Amazon. Science, 438–439. https://
doi.org/10.1126/science.291.5503.438.
Laurance, W. F., Peletier-Jellema, A., Geenen, B., Koster, H., Verweij, P., Van Dijck, P.,
et al. (2015). Reducing the global environmental impacts of rapid infrastructure
expansion.
Current
Biology,
R255–R268.
https://doi.org/10.1016/j.
cub.2015.02.050.
Mendoza, E., Perz, S., Schmink, M., & Nepstad, D. (2007). Participatory stakeholder
workshops to mitigate impacts of road paving in the Southwestern Amazon.
Conservation & Society, 382–407.
Milien, E. J., da Silva Rocha, K., Brown, I. F., & Perz, S. G. (2021). Roads, deforestation
and the mitigating effects of the Chico Mendes extractive reserve in the
Southwestern Amazon article 1000056. Forests, Trees and People. https://doi.org/
10.1016/j.tfp.2020.100056.

Morales-Giner, P., Speranza, M. L., Arteaga, M., Baudoin Farah, A., Ferreira da
Fonseca Junior, S., Garcia Villacorta, A., Rosero Peña, M., & Perz, S. G. (2021).
Multi-criteria frameworks to improve evaluation of the effectiveness of
environmental governance in the Amazon. Frontiers in Forests and Global
Change, 635835. https://doi.org/10.3389/ffgc.2021.635835.
Munnell, A. (1992). Public infrastructure investment and economic growth. Journal
of Economic Perspectives, 189–198. https://doi.org/10.1257/jep.6.4.189.
Nagy, L., Forsberg, B., & Artaxo, P. (Eds.). (2016). Interactions between biosphere,
atmosphere and human land use in the Amazon Basin. Berlin: Springer.
Nascimento E.d.S, S.S da Silva, L. Bordignon L, A.W.F de Melo, A. Brandão Jr., C.M.
Souza Jr., and C.H.L. Silva Junior. (2021). Roads in the Southwestern Amazon,
State of Acre, between 2007
and 2019.
Land, article 106.
10.3390/land10020106.
Nolte, C., Agrawal, A., Silvius, K. M., & Soares-Filho, B. S. (2013). Governance regime
and location influence avoided deforestation success of protected areas in the
Brazilian Amazon. Proceedings of the National Academy of Sciences, 4956–4961.
https://doi.org/10.1073/pnas.1214786110.
Opas, M., Torres, L. F., Milanez, F., & Shepard, G. Jr., (2018). Resistance beyond the
Frontier: Concepts and Policies for the Protection of Isolated Indigenous Peoples
of the Amazon. Tipiti: Journal of the Society for the Anthropology of Lowland South
America, 1–4.
Pari, J. (2017). Estado Corrupto: Los Megaproyectos del Caso Lava Jato en Peru. Lima:
Planeta.
Pender, J., Jagger, P., Nkonya, E., & Sserunkuuma, D. (2004). Development pathways
and land management in Uganda. World Development, 767–792. https://doi.org/
10.1016/j.worlddev.2003.11.003.
Perazzoni, F. (2018). Amazonia, Organized Crime, and Illegal Deforestation: Best
Practices for Protection of the Brazilian Amazon. In M. Ungar (Ed.), The 21st
Century Fight for the Amazon: Environmental Enforcement in the World’s Biggest
Rain Forest (pp. 21–55). Cham, Switzerland: Palgrave MacMillan/Springer
Nature.
Perazzoni, F., Bacelar-Nicolau, P., & Painho, M. (2020). Geointelligence against illegal
deforestation and timber laundering in the Brazilian Amazon article 398.
International Journal of Geoinformation. https://doi.org/10.3390/ijgi9060398.
Perz, S. G., Overdevest, C., Caldas, M. M., Walker, R. T., & Arima, E. (2007). Unofficial
road building in the Brazilian Amazon: Dilemmas and models for road
governance. Environmental Conservation, 112–121. https://doi.org/10.1017/
S0376892907003827.
Perz, S., Brilhante, S., Brown, F., Caldas, M., Ikeda, S., Mendoza, E., et al. (2008). Road
building, land use and climate change: Prospects for environmental governance
in the Amazon. Philosophical Transactions of the Royal Society B, 1889–1895.
https://doi.org/10.1098/rstb.2007.0017.
Perz, S. G., Cabrera, L., Araujo Carvalho, L., Castillo, J., Chacacanta, R., Cossio, R., et al.
(2012). Regional integration and local change: Road paving, community
connectivity and social-ecological resilience in a tri-national frontier,
Southwestern Amazonia. Regional Environmental Change, 35–53. https://doi.
org/10.1007/s10113-011-0233-x.
Perz, S. G., Qiu, Y., Xia, Y., Southworth, J., Sun, J., Marsik, M., et al. (2013). Transboundary Infrastructure and Land Cover Change: Highway Paving and
Community-level Deforestation in a Tri-national Frontier in the Amazon. Land
Use Policy, 27–41. https://doi.org/10.1016/j.landusepol.2013.01.009.
Perz, S. G., Chavez, A., Cossio, R., Hoelle, J., Leite, F., Rocha, K., et al. (2015). Transboundary Infrastructure, Access Connectivity, and Household Land Use in a Trinational Frontier in the Southwestern Amazon. Journal of Land Use Science, 342–
368. https://doi.org/10.1080/1747423X.2014.898104.
Perz, S. G., Selaya, G., Muñoz-Carpena, R., Kiker, G., Baraloto, C., Marsik, M., et al.
(2019). Scientists and stakeholders, data and diagnostics: Crossing boundaries
for modeling the impacts of highway paving in a tri-national frontier in the
Amazon. In S. G. Perz (Ed.), Collaboration Across Boundaries for Social-Ecological
System Science: Experiences Around the World (pp. 327–359). Cham, Switzerland:
Springer Nature/Palgrave MacMillan.
Pfaff, A., Robalino, J., Herrera, D., Sandoval, C., (2015). Protected Areas’ Impacts on
Brazilian Amazon Deforestation: Examining Conservation-Development
Interactions to Inform Planning. PLoS ONE, article e0129460. 10.1371/journal.
pone.0129460.
Piketty, M.-G., Poccard-Chapuis, R., Drigo, I., Coudel, E., Plassin, S., Laurent, F., et al.
(2015). Multi-level Governance of Land Use Changes in the Brazilian Amazon:
Lessons from Paragominas, State of Pará. Forests, 1516–1536. https://doi.org/
10.3390/f6051516.
Pinheiro Ribeiro Paiva, P.F., Pinheiro Ruivo, M.L., Marques da Silva Júnior, O., de
Nazaré Martins Maciel, M., Martins Braga, T.G., Nogueira de Andrade, M.M.
et al., (2020). Deforestation in protected areas in the Amazon: a
threat to biodiversity. Biodiversity Conservation, 19–38. 10.1007/s10531-01901867-9.
Prado Filho, C. R. S. (2018). Do isolamento à integração desgovernada da Amazônia: A
‘febre do ouro’ e o ‘outro estado dentro do Estado’ no caminho da rodovia
Interoceânica por Madre de Dios. Pontifícia Universidade Católica de São Paulo.
PhD Thesis.
Reyes-García, V., Fernández-Llamazares, Á., Bauchet, J., & Godoy, R. (2020). Variety
of indigenous peoples’ opinions of large infrastructure projects: The TIPNIS road
in the Bolivian Amazon. World Development, 104751. https://doi.org/10.1016/
j.worlddev.2019.104751.
Ritter, C. D., McCrate, G., Nilsson, R. H., Fearnside, P. M., Palme, U., & Antonelli, A.
(2017). Environmental impact assessment in Brazilian Amazonia: Challenges
and prospects to assess biodiversity. Biological Conservation, 161–168. https://
doi.org/10.1016/j.biocon.2016.12.031.
14

World Development 159 (2022) 106061

S.G. Perz, Elsa R.H. Mendoza and A. dos Santos Pimentel
Rodriguez, D., & Sarmiento Barletti, J. P. (2021). Can multi-stakeholder forums
mediate indigenous rights and development priorities? Insights from the
Peruvian Amazon. International Forestry Review, 1–13. https://doi.org/10.1505/
146554821833466059.
Salisbury, D. S., & Fagan, C. (2013). Coca and conservation: Cultivation, eradication,
and trafficking in the Amazon borderlands. GeoJournal, 41–60. https://doi.org/
10.1007/s10708-011-9430-x.
Sarmiento Barletti, J. P., Larson, A. M., & Heise Vigil, N. (2021). Understanding
difference to build bridges among stakeholders: Perceptions of participation in
four multi-stakeholder forums in the Peruvian Amazon. Journal of Development
Studies, 19–37. https://doi.org/10.1080/00220388.2021.1945041.
Santos de Lima, L., F. Merry, B. Soares-Filho, H. Oliveira Rodrigues, C. dos Santos
Damaceno, and M.A. Bauch. (2018). Illegal logging as a disincentive to the
establishment of a sustainable forest sector in the Amazon. PLoS ONE, article
e0207855. 10.1371/journal.pone.0207855.
Schmink, M., & Wood, C. H. (1992). Contested Frontiers in Amazonia. New York:
Columbia University Press.
Schönenberg, R. (2002). New Criminal Domains in the Amazon. International Social
Science Journal, 397–406. https://doi.org/10.1111/1468-2451.00327.
Schönenberg, R. (2014). Roots of Organized Crime in the Amazon. In H.-B. Stiftung &
R. Schönenberg (Eds.), Transnational Organized Crime: Analyses of a Global
Challenge to Democracy (pp. 189–198). Bielefeld: Verlag.
Simmons, C. S., Walker, R. T., Arima, E. Y., Aldrich, S. P., & Caldas, M. M. (2007). The
Amazon Land War in the South of Pará. Annals of the Association of American
Geographers, 567–592. https://doi.org/10.1111/j.1467-8306.2007.00564.x.
Siqueira-Gay, J., & Sanchez, L. E. (2021). The outbreak of illegal gold mining in the
Brazilian Amazon boosts deforestation article 28. Regional Environmental
Change. https://doi.org/10.1007/s10113-021-01761-7.
Soares Filho, B., Alencar, A., Nepstad, D., Cerqueira, G., Vera Diaz, M. C., Rivero, S.,
et al. (2004). Simulating the Response of Land-cover Changes to Road Paving
and Governance along a Major Amazon Highway: The Santarém-Cuiabá
Corridor. Global Change Biology, 745–754. https://doi.org/10.1111/j.15298817.2003.00769.x.
Southworth, J., Marsik, M., Qiu, Y., Perz, S., Cumming, G., Stevens, F., et al. (2011).
Roads as Drivers of Change: Trajectories across the Tri-national Frontier in MAP,
the Southwestern Amazon. Remote Sensing, 1047–1066. https://doi.org/10.3390/
rs3051047.
Souza, P. F., Xavier, D. R., Rican, S., Pascoal de Matos, V., & Barcellos, C. (2015). The
Expansion of the Economic Frontier and the Diffusion of Violence in the
Amazon. International Journal of Environmental Research and Public Health, 5862–
5885. https://doi.org/10.3390/ijerph120605862.

Straub, S. (2008). Infrastructure and growth in developing countries: Recent
advances and research challenges. Washington, DC: World Bank Policy
Research Working Paper No. 4460.
Swenson, J. J., Carter, C. E., Domec, J. -C., Delgado, C. I. (2011). Gold Mining in the
Peruvian Amazon: Global Prices, Deforestation, and Mercury Imports. PLoS ONE,
article e18875. 10.1371/journal.pone.0018875.
Tallman, P. S., Riley-Powell, A. R., Schwarz, L., Salmón-Mulanovich, G., Southgate, T.,
Pace, C., et al. (2020). Ecosyndemics: The potential synergistic health impacts of
highways and dams in the Amazon. Social Science and Medicine, 113037. https://
doi.org/10.1016/j.socscimed.2020.113037.
Tucker Lima, J. M., Valle, D., Moretto, E. M., Paiva Pulice, S. M., Zuca, N. L., Rondinelli
Roquetti, D., et al. (2016). A social-ecological database to advance research on
infrastructure development impacts in the Brazilian Amazon. Scientific Data,
160071. https://doi.org/10.1038/sdata.2016.71.
Van Dijck, P. (2013). The Impact of the IIRSA Road Infrastructure Programme on
Amazonia. New York: Routledge.
Vasco, C., Torres, B., Pacheco, P., & Greiss, V. (2017). The Socioeconomic
Determinants of Legal and Illegal Smallholder Logging: Evidence from the
Ecuadorian Amazon. Forest Policy and Economics, 133–140. https://doi.org/
10.1016/j.forpol.2017.01.015.
Vilela, T., Malky Harb, A., Bruner, A., da Sulva Arruda, V. L., Ribeiro, V., Costa Alencar,
A. A., et al. (2020). A better Amazon road network for people and the
environment. Proceedings of the National Academy of Sciences, 7095–7102,
7095–7102. https://doi.org/10.1073/pnas.1910853117.
Wang, C., Lim, M. K., Zhang, X., Zhao, L., & Tae-Woo Lee, P. (2020). Railway and road
infrastructure in the belt and road initiative countries: Estimating the impact of
transport infrastructure on economic growth. Transportation Research Part A,
288–307. https://doi.org/10.1016/j.tra.2020.02.009.
Whitworth, A., Beirne, C., Rowe, J., Ross, F., Acton, C., Burdekin, O., et al. (2015). The
Response of Faunal Biodiversity to an Unmarked Road in the Western Amazon.
Biodiversity Conservation, 1657–1670. https://doi.org/10.1007/s10531-0150883-y.
World Bank (1994). World development report 1994: Infrastructure for development.
Washington, DC: World Bank.
Yu, L., Zhao, D., Niu, H., & Lu, F. (2020). Does the Belt and Road Initiative Expand
China’s Export Potential to Countries along the Belt and Road? China Economic
Review, 101419. https://doi.org/10.1016/j.chieco.2020.101419.
Zamojska, A., & Próchniak, J. (2017). Measuring the social impact of infrastructure
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