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GLOSSARY

Given the scope of this report, many of the

terms directly connect with research outputs by

the International Resource Panel (IRP) and the
International Organization for Migration (IOM). To
continue the synergy of this work, much of the
glossary is stocked with terms taken from these two
institutions, with references and citations.

Adaptation: In the context of this report, adaptation
can be seen as an individual, group or societal change
in response to ongoing environmental, socioeconomic
or political influences.

Assisted migration: The movement of migrants
carried out with the assistance of governments
or international organizations, as opposed to
spontaneous, unaided migration.”

Asylum: The protection granted by a State, on its
territory, to persons outside their country of nationality
or habitual residence, who are fleeing persecution

or serious harm, or for other reasons. Asylum
encompasses a variety of elements, including non-
refoulement, permission to remain on the territory of
the asylum country, humane standards of treatment
and eventually a durable solution.!

Asylum seeker: An individual who is seeking
international protection. In countries with
individualized procedures, an asylum seeker is
someone whose claim has not yet been finally
decided on by the country in which he or she has
submitted it. Not every asylum seeker will ultimately
be recognized as a refugee, but every recognized
refugee is initially an asylum seeker."

Circular migration: A form of migration in which
people repeatedly move back and forth between two
or more countries.’

Complex system: A system with dependencies,
competitions, relationships between its parts and

the environment which can lead to a variety of
possible outcomes. While complicated systems can
have many parts which act in a predictable way,
complex systems have emergent properties which
are not predictable. For example a car's machinery is
complicated but not complex. However, traffic in a city
is complex.

Consumption: The use of products and services

for (domestic) final demand, i.e. for households,
government and investments. The consumption of
resources can be calculated by attributing the life-
cycle-wide resource requirements to those products
and services (e.g. by input-output calculation).?

Cross-border displacement: The movements of
persons who have been forced or obliged to leave
their homes or places of habitual residence and move
across international borders.’

Diaspora: Migrants or descendants of migrants
whose identity and sense of belonging, either real

or symbolic, have been shaped by their migration
experience and background. They maintain links with
their homelands, and to each other, based on a shared
sense of history, identity, or mutual experiences in the
destination country.”

Displacement: The movement of persons who have
been forced or obliged to flee or to leave their homes
or places of habitual residence, in particular as a result
of or in order to avoid the effects of armed conflict,
situations of generalized violence, violations of human
rights or natural or human-made disasters.’

Drivers of migration: Complex set of interlinking
factors that influence an individual, family or
population group’s decisions relating to migration,
including displacement.’

Economic migration: The movement of a person or a
group of persons, either across an international border
or within a State, motivated solely or primarily by
economic opportunities. The term is widely contested
but used in political discourse as such.

Ecosystem services: Functions and processes which
ecosystems provide and which affect human well-
being. They include (a) provisioning services such as
food, water, timber and fibre; (b) regulating services
such as the regulation of climate, floods, disease,
waste and water quality; (c) cultural services such

as recreation, aesthetic enjoyment and spiritual
fulfilment; and (d) supporting services such as soil
formation, photosynthesis and nutrient cycling.?

Emigration: From the perspective of the country
of departure, the act of moving out of a location of
current residence.

Environmental migration / environmentally induced
migration: The movement of persons or groups of
persons who, predominantly for reasons of sudden

or progressive changes in the environment that
adversely affect their lives or living conditions, are
forced to leave their places of habitual residence, or
choose to do so, either temporarily or permanently,
and who move within or outside their country of origin
or habitual residence. Note that this term does not
have any specific legal value (as yet).!



Forced migration: As opposed to voluntary migration.
A migratory movement which, although the drivers
can be diverse, involves force, compulsion or coercion.
While not an international legal concept, this term has
been used to describe the movements of refugees,
displaced persons (including those displaced by
disasters or development projects) and, in some
instances, victims of trafficking. At the international
level, the use of this term is debated because of the
widespread recognition that a continuum of agency
exists rather than a voluntary/forced dichotomy and
that it might undermine the existing legal international
protection regime.’

Immigrant: From the perspective of the location of
arrival, a person who moves into a country other than
that of his or her nationality or usual residence, so that
the country of destination effectively becomes his or
her new country of usual residence.’

Immigration: From the perspective of the country of
arrival, the act of moving into a country other than
one's country of nationality or usual residence, so that
the country of destination effectively becomes his or
her new country of usual residence.’

Immobility: Where individuals or groups wish to move
but are constrained by socioeconomic or political
factors that do not allow them to do so. This, along
with environmental conditions and hazards, can lead
to “trapped populations” (see below).

Internal migrant: Any person who is moving or has
moved within a State for the purpose of establishing a
new temporary or permanent residence or because of
displacement.”

Internal migration: The movement of people within a
State involving the establishment of a new temporary
or permanent residence.’

Internally displaced persons (IDPs): Persons or
groups of persons who have been forced or obliged
to flee or to leave their homes or places of habitual
residence, in particular as a result of or in order to
avoid the effects of armed conflict, situations of
generalized violence, violations of human rights or
natural or human-made disasters, and who have not
crossed an internationally recognized State border."

Land degradation: The process in which the existing
or potential “ecosystem services” (see above)

of a given biophysical environment are affected

by a combination of processes acting upon the
environment.

Land use change: The process of (and the study of
the dynamics and consequences of) the conversion
of land from one type of use or state to another over
a given time period. Typically, we are most concerned
with change of land from its naturally occurring (e.g.

forest, grassland) or productive (e.g. agriculture) state
to a less sustainable or degraded state (see “land
degradation” above) via anthropogenic processes.

Long-term migrant: A person who moves to a
country other than that of his or her usual residence
for a period of at least one year, so that the country
of destination effectively becomes his or her new
country of usual residence.

Maladaptation: As opposed to “adaptation” (see
above). Juhola et al. (2016) defines maladaptation

in the context of society-environment interactions as
“actions that may lead to increased risk of adverse
climate-related outcomes, increased vulnerability to
climate change, or diminished welfare, now or in the
future”.

Migrant: An umbrella term, not defined under
international law, reflecting the common lay
understanding of a person who moves away from
his or her place of usual residence, whether within a
country or across an international border, temporarily
or permanently, and for a variety of reasons. The term
includes a number of well-defined legal categories

of people, such as migrant workers, persons whose
particular types of movements are legally defined,
such as smuggled migrants, as well as those whose
status or means of movement are not specifically
defined under international law, such as international
students.’

Migration: The movement of persons away from their
place of usual residence, either across an international
border or within a State.”

Net migration: Net number of migrants in a given
period, that is, the number of immigrants minus the
number of emigrants.

Planned relocation: In the context of disasters or
environmental degradation, including when due to the
effects of climate change, a planned process in which
persons or groups of persons move or are assisted to
move away from their homes or place of temporary
residence, are settled in a new location, and are
provided with the conditions for rebuilding their lives.!

Push-pull factors: A model categorizing the drivers

of migration into push and pull factors, whereby push
factors are those which drive people to leave their
country and pull factors are those attracting them into
the country of destination. Whilst it provides a useful
categorization of reasons for migrating, the “push-pull”
model has subsequently been misrepresented in a
manner that fails to acknowledge the complexity and
interplay of the factors that lead to the decision to
migrate.

Refugee: As per the 1951 Convention, a person
who, owing to a well-founded fear of persecution for
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reasons of race, religion, nationality, membership of a
particular social group or political opinion, is outside
the country of his or her nationality and is unable or,
owing to such fear, is unwilling to avail himself or
herself of the protection of that country; or a person
who, not having a nationality and being outside the
country of his or her former habitual residence as

a result of such events, is unable or, owing to such
fear, is unwilling to return to it. A person who qualifies
for the protection of the United Nations provided

by the High Commissioner for Refugees (UNHCR),

in accordance with UNHCR's Statutes and, notably,
subsequent General Assembly resolutions clarifying
the scope of UNHCR's competency, regardless of
whether or not he or she is in a country that is a party
to the 1951 Convention or the 1967 Protocol — or a
relevant regional refugee instrument — or whether

or not he or she has been recognized by his or her
host country as a refugee under either of these
instruments.’

Relocation: In the context of humanitarian
emergencies, relocations are to be considered as
internal humanitarian evacuations and are understood
as large-scale movements of civilians, who face

an immediate threat to life in a conflict setting, to
locations within the same country where they can be
more effectively protected.’

Remittances: Personal monetary transfers, cross
border or within the same country, made by migrants
to individuals or communities with whom the migrant
has links. A distinction should be made between
formal remittances as captured in the above definition
and informal remittances. Informal remittances are
remittances in cash or in kind that are transferred
outside the formal financial system. Statistics on
remittances normally only capture formal remittance
flows. Increasingly, the terms “social remittances”

or “social capital transfer” are used in the context

of transfers of non-monetary value as a result of
migration, such as transfer of knowledge, know-how,
networking and skills."

Reparation: Set of measures arising from judicial or
administrative decisions, designed and implemented
to redress the violation of a right.”

Resettlement: As a legal term, the transfer of refugees
from the country in which they have sought protection
to another State that has agreed to admit them — as
refugees — with permanent residence status. In more
informal terms, often synonymous with “relocation”
(see above).

Resilience: In the context of humanitarian,
development, peacebuilding and security policies
and operations, the ability of individuals, households,
communities, cities, institutions, systems and
societies to prevent, resist, absorb, adapt, respond

and recover positively, efficiently and effectively when
faced with a wide range of risks, while maintaining
an acceptable level of functioning and without
compromising long-term prospects for sustainable
development, peace and security, human rights and
well-being for all. When considering both society
and environment, resilience is the ability of a system,
community or society exposed to gradual changes
or sudden hazards to resist, absorb, accommodate,
adapt to, transform and recover from the effects of
the change or the hazard in a timely and efficient
manner, including through the preservation and
restoration of its essential basic structures and
functions.’

Resources: Parts of the natural world, including land,
water, air and materials, that can be used in economic
activities to produce goods and services. Material
resources are biomass (like crops for food, energy
and bio-based materials, as well as wood for energy
and industrial uses), fossil fuels (in particular coal, gas
and oil for energy), metals (such as iron, aluminium
and copper used in construction and electronics
manufacturing) and non-metallic minerals (used for
construction, notably sand, gravel and limestone).?

Resource governance/management: Sustainable
resource management means both (a) ensuring that
consumption does not exceed levels of sustainable
supply and (b) ensuring that the Earth's systems are
able to perform their natural functions (i.e. preventing
disruptions like in the case of greenhouse gases
(GHGs) affecting the ability of the atmosphere

to regulate the Earth's temperature). It requires
monitoring and management at various scales. The
aim of sustainable resource management is to ensure
the long-term material basis of societies in a way that
neither resource extraction and use nor the deposition
of waste and emissions will surpass the thresholds of
a safe operating space.?

Safe, orderly and regular migration: Movement of
persons in keeping with both the laws and regulations
governing exit from, entry and return to and stay in
States, and with States’ international law obligations,
in a manner in which the human dignity and well-being
of migrants are upheld, their rights are respected,
protected and fulfilled, and the risks associated with
the movement of people are acknowledged and
mitigated.”

Short-term migrant: A person who changes his or her
place of usual residence for more than three months
but less than a year (12 months). Except in cases
where the movement to that country is for purposes
of recreation, holiday, visits to friends or relatives,
business or medical treatment.”

Socio-environmental systems: The National Socio-
Environmental Synthesis Center (SESYNC) describes



a socio-environmental system as referring to “a group
of humans, social elements, and processes that
interact with each other and nature. Sometimes called
socio-ecological systems, they are more formally
defined as complex systems of tightly linked social
and environmental subsystems or component parts.
Each subsystem has many components that interact
not only with one another but also with other elements
across parts of the system and across levels of
organization socially, ecologically, temporally, and
spatially”.

Stock/base: A stock or base is the quantity (e.g.
mass) of a chosen material that exists within a given
system boundary at a specific time. In terms of
measurement units, stock is a level variable (i.e. it is
measured in kilogrammes) as opposed to material
flows (which are rate variables).?

Systems approach: An approach to management
that (1) considers the total material throughput of
the economy from resource extraction and harvest
to final disposal, and their environmental impacts,
(2) relates these flows to activities in production and
consumption across spatial scale, time, nexus and
boundary dimensions, and (3) searches for leverage
points for multi-beneficial changes (technological,
social or organizational), all encouraged by policies
to achieve sustainable production/consumption and
multi-scale sustainable resource management.?

Temporary migration: Migration for a specific
motivation and purpose with the intention to return
to the country of origin or habitual residence after
a limited period of time or to undertake an onward
movement.!

Tipping point: In a social and environmental context,
a tipping point refers to a time or state where
further changes, however minor, are likely to result
in (relatively) much more significant, and potentially,
irreversible negative outcomes.

Trapped populations: Populations that do not migrate,
yet are situated in areas under threat, [..] at risk of
becoming “trapped” or having to stay behind, where
they will be more vulnerable to environmental shocks
and impoverishment.”

Vulnerability: Within a migration context,

vulnerability is the limited capacity to avoid, resist,
cope with, or recover from harm. This limited
capacity is the result of the unique interaction of
individual, household, community and structural
characteristics and conditions.1 Similarly, Adger
(2006) defines vulnerability in the context of migration
and environmental conditions as “the state of
susceptibility to harm from exposure to stresses
associated with environmental and social change and
from the absence of capacity to adapt”.
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PREFACE

Availability, access to and use of natural resources are
key intervening variables for understanding, analysing
and managing local or global relationships between
climatic or environmental changes and population
distribution and movements. While much debate and
research has focused on the effect of climate change
on migration worldwide, surprisingly little attention
has been paid to the role and governance of natural
resources in this relationship.

Since 2007 the International Resource Panel has
provided independent, authoritative and policy-
relevant scientific assessments on the status, trends
and future state of natural resources. This report
opens a discussion about the natural resource nexus
with human mobility, using an integrative approach
that considers multiple causalities and networks of
interaction. The research in this report, which involved
qualitative and quantitative methods, shows that the
relationship between natural resources and migration
calls for a consideration of human-environment
interactions as a complex adaptive system.

This report finds that natural resources have a
significant impact on human mobility, but that the
relationships are not linear. They can both mitigate
or exacerbate involuntary migration, depending

on specific ecological and economic constraints.
Natural resources act as an intervening pathway
between environmental change, climate change and
human mobility. Hydropower projects represent the
most direct connection between natural resource
development and involuntary migration, and their
expansion as a cleaner source of power generation in
the years to come will need to be carefully managed.
As an example of such complexity, mineral rushes
can accentuate localized migration but may reduce
voluntary international migration.

The impact of refugee camps on resource use and
degradation was studied using geospatial analysis.
The negative impact was found to be minimal and,

Preface

in some cases, areas were restored for the purposes
of food production. As the impact of sea-level rises
on migration has been examined in previous work

by development agencies, this report focused

instead on other environmental variables that have

a direct resource linkage (while also considering
policy interventions such as “managed retreat” from
coastal areas). Based on scientific findings, the report
advocates for a complex adaptive systems approach
to policy interventions. These should consider
sociopsychological, financial and demographic factors
that mediate natural resource-(im)mobility pathways.
The report further identifies efficient policies within
the resource-mobility nexus such as: land ownership
and tenure rights and migrant remittances (including
“green remittance bonds”) as a way to manage the
resource-mobility nexus more effectively for better
ecological and economic outcomes. The report calls
on policymakers to recognize the need for monitoring
resource security areas with vulnerable human
populations.

The lead authors and their teams have succeeded
in drawing together an evidence base that proves
the need for managing the intersection between
resources and mobility.

The report recognizes that the recent war in Ukraine,
and earlier wars and crises in the past decade,
demonstrate the lack of a global governance system
for migration. Although the Global Compact for

Safe Orderly and Regular Migration could serve

as a policymaking framework for managing the
intersection between resources and mobility, it needs
further development if it is to offer more formal
mechanisms for international engagement that

take account of differences in natural and cultural
environments.

Izabella Teixeira
Co-Chair
International
Resource Panel

Janez Potognik
Co-Chair
International
Resource Panel
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EXECUTIVE SUMMARY
AND OVERALL MESSAGES

There is increasing speculation over how current
climate changes worldwide might affect the
distribution and movement of people internationally.
Within the relevant debates and research, surprisingly
little attention has been paid to the role of natural
resources, their connections to living conditions

and shifts in population movements that might be
observed in response. This is despite the significant
direct and indirect influence of natural resources on
people’s needs, abilities and motivations to migrate —
either temporarily or permanently.

This document uses the International Resource Panel
definition that adopts a broad view of resources
(including land, water, air and materials) as “parts

of the natural world that can be used in economic
activities to produce goods and services. Material
resources are biomass (like crops for food, energy
and bio- based materials, as well as wood for energy
and industrial uses), fossil fuels (in particular coal, gas
and oil for energy), metals (such as iron, aluminium
and copper used in construction and electronics
manufacturing) and non-metallic minerals (used for
construction, notably sand, gravel and limestone)”."
Similarly, human mobility is an umbrella term used

to refer to a range of migratory behaviours that vary
in time, space and agency. Human mobility in this
report includes a continuum of voluntary migration

to involuntary migration (or displacement), circular
and seasonal movements, international, internal and
micro forms of mobility such as commuting practices
(see Figure 1). Moves may be individual initiatives or
government organized (such as planned relocation
initiatives).

This executive summary distils the key messages
from a nuanced analysis of a topic that is inherently
discursive. There is no unified account of the
migration-resource nexus but rather a multifaceted
set of scenarios and causal linkages in a complex
adaptive system. Quantitative and geospatial

data have been provided, as well as ethnographic
narratives to highlight some of these key areas

1 https://www.resourcepanel.org/glossary.

where policymakers and analysts can draw lessons.
Structural inequality, in terms of income and natural
resource endowments, is a key driver of human
mobility. In this regard, inclusive wealth generation
could be a way of mitigating involuntary migration.
However, concepts of “mobility justice” and the

right to migrate based on merit-based policies

from governments must also be respected by
policymakers. There is currently no global governance
system for migration, while emerging norms such as
the Global Compact for Migration need to be further
developed to offer more formal mechanisms for
international engagement. There are vast differences
in how migration is managed by States, particularly

in times of conflict. This has been seen in the recent
war in Ukraine and earlier wars and crises within the
past decade in Afghanistan, Syria, Yemen, Iraq and the
Bolivarian Republic of Venezuela. This assessment

is keen to recognize that the resource nexus is highly
specific to each natural and cultural environment.

The assessment covers the conceptual and empirical
connections between resources and human
mobility (Chapter 2), the baseline data underlying
their interrelationships (Chapters 3 and 4), nuanced
ethnographic understandings (Chapter 5) and
emerging policy prescriptions (Chapter 6). Research
into environmental parameters influencing the
spectrum of population movements has traditionally
examined how actual or predicted climatic changes
(such as temperature and precipitation regimes or
anomalies) might correlate with the movement of
people. However, attempting to quantify, monitor,
understand and manage resource stocks, flows and
degradation could provide the missing link for more
indirect correlations between climate change and
displacement or migration.

Human mobility can take many forms, both broadly
and in the context of changes in natural resources
(Chapter 2). Displacement by large hydropower
projects is one of the most direct and predictable
linkages between forced displacement and resources,
which inherently impacts populations’ access to

the land with which they are associated. They can

be displaced by sociopolitical turmoil, such that the
movement of people away from such impacted areas
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can create new pressure points for resources in
inwards mobility locations. Mineral resources can lead
to temporary international/intranational movement,
which can have a major impact on environmental
systems but can also serve to mitigate the need for
international mobility (see Chapters 3 and 4). People
might move when their livelihoods are threatened by
degrading land resources. However, they might also
remain trapped in a degrading environment through a
lack of financial, social or human capital to move (see
Chapters 4 and 5).

Multiple social, economic and political factors mediate
the relationships between degrading natural resources
and migration, including factors such as land

tenure and dowry payments (Chapter 5). However,

the economic remittances migrants send back to
their households and communities of origin can
potentially act as a source of funding and knowledge
for sustainable natural resource management
(Chapter 6). As such, human mobility can and

should be acknowledged as an important adaptation
strategy under conditions of pervasive global and
more localized environmental change and resource
pressures. “Trapped” populations, characterized

by involuntary immobility, can therefore generate
natural resource impacts in addition to humanitarian
concerns.

The resource nexus with human mobility and
migration is best understood as a complex adaptive
system rather than a series of causal linear
mechanisms. The systems thinking advocated

within this report (and by other research) increases
the inclusion of the sociopsychological, financial,
demographic, environmental and political dimensions
that mediate the natural resource-(im)mobility
pathways. Complex adaptive systems are typically
characterized as uncertain, non-linear and co-evolving
with emergent properties. In terms of human (im)
mobility, this may mean sudden migration flows or
immobile populations that are unable or unwilling to
move. In terms of natural resources, this may mean
the collapse of ecosystem services or the sustainable
management of resources. Natural resource shocks
and stresses are both examples of the impact that
climate change can have on migration. For example,

Executive summary and overall messages

minor changes in natural resource use and availability
can cause major changes in the number of people
moving, while major changes in these resources

can see populations trapped. Adopting a systems
understanding of the linkages between natural
resources and mobility can help policymakers identify
entry points for national and local policy to ensure
the well-being of those affected by natural resource
stress and shocks and protect the natural resources
on which they depend.

Chapter 2 - Key messages: Natural resources,
displacement and mobility

1. Human mobility is driven by the complex
interaction of environmental degradation, land-use
change and resource depletion alongside other
drivers including social, economic, political and
demographic influences. The availability of, access
to and management of resources contribute to the
causes and drivers of human mobility, but most of
the research acknowledges that the causal link is
complex and ambiguous.

2. Most experts expect that “environmentally induced
migration” will grow in the coming decades. Such
migration is defined by the International Organization
for Migration (IOM) as “persons or groups of

persons who, predominantly for reasons of sudden
or progressive changes in the environment that
adversely affect their lives or living conditions, are
obliged to leave their habitual homes, or choose to do
so, either temporarily or permanently, and who move
within their country or abroad”.

3. Involuntary immobility occurs when vulnerability
exceeds the capacity to move. Human mobility is a
continuum from more voluntary forms of migration to
forced displacement.

4. Mobility decisions result from a combination of
factors, where natural resource dynamics interact
with other political, social, demographic, security and
economic issues. There may be feedback processes
where human mobility affects resources and
environmental change.
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5. Resources, and current systems of resource
governance, access and benefit sharing, underpin
the dynamics of so-called “environmentally induced
migration”, and also “economic migration”.

6. Resource management systems might hold the
key to a better understanding of the relationships
between the environment and human mobility and
help to maximize the benefits of natural resources.
Additionally, the role of governments in influencing
people’s needs, aspirations and abilities to migrate
has been downplayed. Appropriate policy responses
require these relationships to be better understood.

Chapter 3 - Key messages: Mapping displacement,
migration and natural resource use

1. Internationally, spatial patterns of natural resource
demand are determined by international and internal
migrant flows and by supply chain linkages between
resource extraction and end use sites. Although
international migrant flows show some association
with natural resource availability, insights and
trajectories are highly case specific

2. Globally, the top 200 recent hydropower
developments (2000-2018) are estimated to have
displaced between 900,000 and 2 million people
while also causing substantial land-use change
since the start of the century. While new hydropower
infrastructure is typically developed in remote areas,
many current and expected projects will probably
displace large numbers of people globally.

3. Refugee camp establishment is associated with

rapid land-use changes. In contrast, activities by camp

inhabitants (fuelwood gathering and subsistence
farming) often constitute productive land use around
and within the camp (where access and use are
permitted). It is crucial for research and effective
policy formulation to consider the impacts of
socioeconomic vulnerability, freedom of movement
and host community relations on refugee camps’
natural resource access and dependence. Refugees
often have little agency in selecting the camp's
location or in immediately accessing surrounding
natural resources.

4. Resource rushes are often accompanied by
relatively discrete inwards mobility phenomena and

abrupt land-use changes for settlement establishment

and mineral extraction. Under current resource
extraction pathways, such rushes are characterized
by trade-offs between improved socioeconomic
outcomes for migrants (and local communities more

generally) and widespread environmental externalities.

Chapter 4 - Key messages: Climate, natural resources
and mobility: statistical analysis

1. Using episodes of drought as an indicator of
land resource stress, internal mobility was found to
increase with natural resource stress throughout
Africa.

2. For the higher income African countries, drought is
associated with increased international mobility.

3. This contrasts with the finding that, for poorer
countries, drought is associated with decreased
international mobility - indicating liquidity constraints
on this type of mobility.

4. The study finds that the magnitude of the drought
effect is smaller at the international level than the
subnational, such that droughts seem to be more
closely linked to subnational mobility as opposed to
international mobility decisions.

5. This report provides evidence for the notion that
natural resource shocks, in this case caused by
droughts, are associated with poverty traps, where
the shock prevents people from moving to potentially
improve their livelihoods. On the other hand, the
presence of alternative sources of income was found
to greatly improve drought resilience at the national
and subnational levels. By combining international and
subnational analyses, previous findings on drought
resilience (Laurent-Luchetti 2019; Cattaneo and Peri
2016) were extended to shed light on the importance
of local income sources other than the drought-
sensitive agricultural sector. Furthermore, droughts
seem to be more closely related with subnational than
international migration because the latter tends to be
more expensive. This is relevant because droughts
negatively affect agricultural productivity and cause
poverty traps at the national level.

Chapter 5 - Key messages: Systems analysis of
resources and (im)mobility

1. While it is possible to assess which conditions
give rise to resource strains, the ways in which they
impact people’'s (im)mobility plans are part of a wider
complex system. Systems maps highlight potential
sources of policy intervention points to reduce the
link between natural resource shocks and forced

or undesirable (im)mobility. Incorporating systems
mapping into policy intervention planning could help
highlight trigger points and areas in need of support.



2. Results indicate that eroded health and well-being
often damaged people’s capacities to respond, cope
and plan around natural resource strains. Health and
well-being are often contributing factors in negative
migration experiences, longer-term displacement and
undesired immobility.

3. Evidence supports the idea that targeted protection
measures around debt and the provision of alternative
financial support can break destructive poverty

cycles and avert forced displacement or involuntary
immobility for those affected by natural resource
degradation.

4. Sustainable natural resource management can
ensure more secure livelihoods and ecosystem
services, as well as helping to minimize forced
displacement and involuntary immobility. For
example, sustainable resource use can be supported
by financial mechanisms to support the use of
remittances for sustainable resource management
(such as private-public match funding) and job
creation.

5. More policy research must be tailored around

a systems approach. Systems thinking increases
the inclusion of the sociopsychological, financial,
demographic, environmental and political dimensions
that mediate the natural resource-(im)mobility
pathways. Incorporating systems mapping into
policy intervention planning could help identify
trigger points and areas in need of support. Systems
maps highlight potential policy intervention points
to reduce the link between natural resource shocks
and forced or undesirable (im)mobility. Systems
diagrams can indicate areas in need of more focus
through absent factors. One example would be the
ways that (im)mobility may support sustainable
resource management in the future. The complex
characteristics of a systems network serve as a
reminder that the future is not linear, simplistic or
predictable.

Chapter 6 - Key messages: Resource-human mobility
nexus: policy options

1. Resources and mobility have typically been seen as
separate rather than interrelated policymaking issues.
As a result, existing policies that concern both are
vague and underdeveloped.

2. The suggestion is that policies within the
resource-mobility nexus should be aligned along two
fundamental axes: The first aim should be to enhance
adaptation potential, sustainability of resources and

Executive summary and overall messages

socioeconomic and environmental resilience so that
resource pressures do not force people to move.
When this cannot be ensured, the second aim should
be to promote the safe and well-managed movement
of people to other locations.

3. Options for “staying” in place include strengthening
the vitality and sustainability of the resource base

to improve socioeconomic resilience, ensuring local
communities have rights of ownership and tenure
over resources, fostering livelihoods that are less
reliant upon resources and facilitating external inputs
like remittances and development assistance. This
can alleviate pressure on resource stocks.

4. Options for ‘moving” include effectively managing
resources that may pull people towards them, as well
as movement of people away from areas of resource
limitations in the form of resettlement from one
country to another, as well as the managed retreat of
populations away from vulnerable areas within and
across national borders.

5. Conceptually, “mobility justice” and “climate
reparations” are recommended as guiding principles
in future approaches to the resources-mobility nexus.
Embodying many of these principles, the Global
Compact for Migration could serve as a policymaking
framework to manage the intersection between
resources and mobility.

6. A systems approach and related adaptive planning
framework, with continuous monitoring of a range of
data and thresholds, should be adopted for mobility
related to resources. Policymakers need to be flexible
in their decision-making approaches and be informed
by a systems planning frameworks underpinned

by empirical evidence. Such data could be used to
generate scenarios to be considered through an
assessment process involving multiple criteria and a
consultative process with community members, with
a view to formulating contingency plans for voluntary
and involuntary mobility.
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1.1 The resource-mobility nexus

The idea that the movement of people might be
linked to natural resources is by no means a new
concept. For most of the 200,000 years of human
existence, mobility was strongly linked to resource
access, with moves often being seasonal and
exploratory for hunters and gatherers. It was only
with the advent of agricultural practices around
11,000 years ago that more stable and permanent
settlements began to emerge as human civilizations
developed (Steffen et al. 2011). However, the impetus
behind individual or group decisions to move has
always been multifaceted. The basic premise

behind this assessment is therefore that modern
human mobility is the result of complex social and
ecological interactions on different levels involving
many feedback loops. Similarly, there are many types
of mobility involving a range of time, space, scales
and motivations. Different authors have classified
movements as temporary, seasonal, forced, planned,
economic, refugee and displaced, to name just a few
categories. In line with the above, this assessment
aims to consider the full spectrum of human mobility.

In the modern world, resource factors have relatively
clear influences on limiting or enabling human
mobility. Similarly, demographic changes can be seen
to have positive and negative impacts on resource
consumption and management (see Box 1). Mobility
of populations for resource access might even be a
matter of survival in some contexts. In other cases,
populations can be trapped (willing but unable to
move) despite declining resource availability due to
social, political or economic reasons (Ayeb-Karlsson
et al. 2020). In such cases, the impact of not moving
can be unhelpful for ecological systems and the
people in question. This assessment identifies some
of the dominant resource factors and contexts

that emerge from an analysis of migrants’ mobility
choices and decisions. This has involved analysing
the impact of resources on mobility and vice versa.?

2 According to the United Nations Environment Programme
(UNEP) and IRP: resources — including land, water, air and
materials — are seen as parts of the natural world that can be used
in economic activities to produce goods and services. Material
resources are biomass (like crops for food, energy and bio- based
materials, as well as wood for energy and industrial uses), fossil
fuels (in particular coal, gas and oil for energy), metals (such as
iron, aluminium and copper used in construction and electronics
manufacturing) and non-metallic minerals (used for construction,
notably sand. aravel and limestone). (Glossary | Resource Panel).
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1.2 Environmental change, resources
and mobility

Connections between resources (as defined by the
IRP) and mobility are part of wider debates about how
environmental change relates to human movement.
Regional or global environmental changes affecting
ecological ranges, land surface cover and condition,
levels of aridity or desertification and predictability
and extremity of weather patterns are often claimed
to have an impact on human mobility and habitation
(Intergovernmental Panel on Climate Change [IPCC
2019]). Such environmental changes have accelerated
over the past two centuries due to overexploitation
and unsustainable use of resources (United Nations
Environment Programme [UNEP] 2017; Hertwich et
al. 2019). Global population increases and expanding
human settlements, coupled with unequal and
escalating intensity of resource consumption, have
resulted in interconnected and pervasive trends of
environmental degradation (UNEP 2019), biodiversity
loss and overexploitation and diminishment of
ecosystem services (Intergovernmental Science-
Policy Platform on Biodiversity and Ecosystem
Services [IPBES] 2019; World Wide Fund for Nature
[WWF] 2020). While examples of unsustainable
resource use are a long-standing feature of human
history (Douglas et al. 2015; Micklin 2007), the
apparent scale, speed and potential irreversibility

of recent resource degradation and exploitation,
combined with the significant number of people
affected, make the current situation unique and
worrying. In fact, the precariousness of environmental
viability is probably more advanced than previously
thought (Bradshaw 2020).

These global trends are putting pressure on

finite resource stocks and the ongoing viability of
renewables. Potential causal (rather than proximate)
connecting forces between movement and climatic/
environment changes refer to the available resource
base. For example, prevailing conditions or anomalies
in temperature and rainfall do not directly account
for movement of people. Rather, it is the impact that
temperature and rainfall have on resources such

as agricultural land, water availability and biomass
for fuel and food. In a similar vein, it is the results of
human overexploitation of materials that have altered
prevailing climatic conditions in the first place.


https://www.resourcepanel.org/glossary

Human Migration and Natural Resources: Global assessment of an adaptive complex system

Box 1. Annual net migration rate per 1,000 inhabitants from 2010-2015 (source: Population Division of the
UN) versus total natural resource rents (as % of GDP) natural resources (source: World Bank) for different
countries. The size of the circles are a function of GDP per capita.

incoming migrants).

At the macro scale, there is a small positive relationship between a country's natural resources and its net migration.
According to this relationship, countries with more natural resources tend to have more incoming migrants than outgoing
migrants. In contrast, countries with fewer natural resources have more outgoing migrants than incoming migrants.
However, at virtually all levels of natural resource rents there are examples of countries with both positive and negative net
migration (with the former meaning more incoming than outgoing migrants, and the latter referring to more outgoing than

It is therefore surprising that the existing literature
has not focused more on resource levels, and has
instead concentrated on wider environmental (and
meteorological) conditions and disaster events. There
are good reasons for this, not only in terms of the
endogenous nature of using natural resources as

an explanatory factor of migration while also being
affected by migration (which can limit quantitative
studies), but also because global climate change

is widely recognized as a key driver of natural
resource degradation and where activities that affect
natural resources drive climate change. This report

is based on the assumption that natural resource
degradation can be a function of indirect human
activity through anthropogenic climate change, natural
climate variability and more directly from a variety

of non-climatic human based activities. Providing
inputs on understanding how resources relate to
environmental change and migration contributes to a
more nuanced understanding of migration futures and
adds to knowledge of sustainable resource use in an
increasingly mobile world.

1.3 The spectrum of mobility

These various typologies of human mobility are
recognized and debated in the literature and in annual
reports by international organizations (McAuliffe et
al. 2019). Figure 1 shows some of the categories

and dimensions of human mobility covered in this
assessment. Figure 1 shows the temporal range
(short to long term) and levels of coercion or choice
(from voluntary to forced) of migration. From a
policymaking perspective, level of preparedness

is also included, and ranges from pre-empting
movement in a proactive manner to responding in a
reactive fashion. The time frame of migration can be
both negative and positive dependent upon context.
There is an understandable wish to avoid forced
migration from a humanitarian standpoint. In addition,
policymakers should aim to have well-developed
plans for managing movement at each end of the
continuum shown in Figure 1: that is, before it occurs
as well as reacting to unforeseen events.
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Despite being initially coined in the 1980s (El-Hinnawi
1985; Jacobson 1988), the idea of “environmental
migrants” (or even environmental refugees: lonesco
2019) as a result of natural disasters (rapid change)
and/or more gradual environmental perturbations
(slow-onset change) is now becoming increasingly
familiar in policymaking circles (Foresight 2011;
lonesco et al. 2017) and the popular imagination.
However, it also tends to subvert the growing body of
empirical studies that point to the multi-causal nature
of mobility and what is often an indirect link between
environmental change and mobility decision-making.

Figure 1. Different types of migration
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1.4 IRP interest in resource and
migration

Resource availability, access, use and management
provide potentially pivotal factors in mediating the
linkage between environmental change and mobility.
One of the main drivers of movement highlighted by
past research is the erosion of livelihoods in locations
of origin and the pull of better and more secure
livelihood opportunities in destination locations.

In origin locations, the reasons for a decline in
livelihoods are sometimes linked to natural resource
degradation, such as loss of land by riverbank erosion
or a lack of investment in soil fertility (Ahmed et al.
2019; Ayeb-Karlsson et al. 2016; Black et al. 2011;
Deshingkar 2012). Sometimes the process is more
anthropological: manmade infrastructure that impacts
the environment, such as dams, might also led to a
decline in livelihoods and impetus to move.

Mobility as a topic emerged as a priority for the IRP
for two reasons. First, human-induced slow-onset
environmental change and sudden disaster events
have real implications for resources management and
migration. Second, the nexus between the two has
often been neglected - conceptually and empirically
- in academia and policymaking. Furthermore, while
a gradual or rapid deterioration of environmental
conditions is often depicted as a driver that leads to
social instability and forced displacement, migration
can also be a means of developing the capacity for
sustainable resource management (for example,
through the use of social and financial remittances
[Banerjee et al. 2017]). Indeed, movement is already
considered a form of adaptation to the impacts of
climate change (Foresight 2011; lonesco et al. 2017,
Renaud et al. 2011; Salerno et al. 2017).

The IRP aims to add to the current understanding of
the interconnections between mobility and resources
as one of its key future research priority areas.
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Exploring ‘Sustainable Management links to Migration
and Conflict’ is one of the Panel’s four high-impact
priority areas (HIPAs) within its Work Programme.
Within this HIPA, the intention is to collaboratively
research the interlinkages and pathways between
natural resource availability, use and management,
while also contributing to broader debates on
environmentally related movement and specific
guestions of resource management.

A number of policy questions relevant to the IRP’s
agenda are also relevant to the resource-mobility
nexus. For example, one question looks at the policy
contexts and conditions where better management
of (local, regional and global) natural resources could
play a role in avoiding forced displacement. Given
that migration is likely to be an ongoing phenomenon
for a variety of reasons, another question is how to
prevent further unsustainable resource use in likely
locations of inwards movement. The important
starting point is to not demonize migrants who

are universally recognized as adding to the social,
economic and cultural fabric of societies. Instead, and
in line with one of the IRP’s main driving notions, the
long-term impetus of this research is to contribute to
the decoupling of poor resource management from
inwards and outwards mobility.

1.5 Resource-mobility nexus as a
complex system

Context is important at the local and regional levels,
while impact and the scale of change in resource
dynamics depend on interrelated socioenvironmental
systems. Resulting movement or immobility

are determined by a complex combination of
environmental, social, political and economic

forces (see Rahman and Hickey 2020; Cardona

et al. 2012). This, in turn, strongly influences the
ability of different populations to weather, adapt

or ‘transform’ in response to the degradation and
reduced availability of various resources (United
Nations 2016). The links between natural resources
and human mobility tend to be complex, running in
many directions with multiple pathways, intermediate
stages, engagement points and potential outcomes.
The confluence between the two can be thought

of as sharing the properties of a complex evolving
socioecological system (Giampietro 2019; Preiser et
al. 2018). This system operates at different temporal,
spatial and social scales, has nested hierarchies,
multi-directional feed backs, multilevel interactions,
inevitable uncertainty and some of the features of
emergent non-equilibrium systems (Berkes et al. 2002;

Gunderson and Holling 2002; Kniveton et al. 2012,
Mayumi and Giampietro 2006; Rammel et al. 2007).

1.6 Structure of the report

The main report begins with a critical literature

review on resources and migration in Chapter 2.
Building upon the conceptual links between resources
and migration, Chapters 3 and 4 examine current
capability to map spatial relationships between
migration and resources at the international, regional
and local levels and any preliminary trends. The report
then shifts, in Chapter 5, to attempt to identify and
connect examples of the many direct and indirect
links between resource use and migration, before
compiling them into a socioecological system
through the use of case study examples and relevant
ethnographic data. Key issues arising from the
analysis are then used as a basis for highlighting and
suggesting policymaking interventions in Chapter 6.

The report uses a hybrid, interdisciplinary approach
based on a range of methods and varied data sources,
with a view to producing a significant and globally
relevant assessment of the relationship between
resource management and migration patterns. It asks
questions about how resource use fits into prevailing
narratives and trends observed around climate

and migration, such as climate related disaster
displacement and trapped populations. The aim is

to generate debate and further analysis about how

to address significant contemporary and near-future
concerns on the distribution, use and degradation of
resources and their relationship to migration patterns.
The document can also open up discussions about
potential entry points for policy improvement and
development in terms of environmentally influenced
mobility covered in the report.
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Key messages

1. Human mobility is driven by the complex
interaction of environmental degradation,
land-use change and resource depletion. The
availability of, access to, and management of
resources contribute to the causes and drivers
of human mobility, but the majority of the
research acknowledges that the causal link is
complex and ambiguous.

2. The majority of experts expect that
environmentally induced migration will grow
in the coming decades, as a result of climate
change and global demographic patterns.

3. Human mobility is a continuum from more
voluntary forms of migration to forced
displacement. Immobility, though sometimes
voluntary, occurs when vulnerability exceeds the
capacity to move.

4. Resources, and the systems of resource
governance, access and benefit sharing in use,
underpin many of the dynamics of what is often
labelled “environmentally induced migration”,
but also what has been called “economic
migration”.

5. Resource management systems might hold
the key to a better understanding of the
relationships between the environment and
human mobility and help to maximize the
benefits of natural resources. Additionally, the
role of governments in affecting people’'s needs,
aspirations and abilities to migrate has been
downplayed. Appropriate policy responses
require these relationships to be better
understood.

Natural resources, displacement and migration

2.1 Introduction

Current international policies around global human
mobility tend to be based on a binary understanding
of why people move. They are either forced to move
as a result of conflict or political persecution - and
seen as refugees- or enticed by the promise of better
living conditions elsewhere - and labelled as migrants
(lonesco, Mokhnacheva and Gemenne 2017). The
reality, of course, is more nuanced and complicated.
Human mobility has existed throughout history, with
people moving for, or being displaced by, a diverse
range of interconnected environmental, economic,
political, social, humanitarian and cultural factors
(Black et al. 2011; Van Praag and Timmerman 2019).

The potential implications of resource access

and availability and environmental degradation on
migration and displacement have been studied

for decades (see D66s 1997, for instance). This
literature has expanded dramatically in the last 20
years, particularly as research has begun to uncover
the potential ramifications of climate change on
population distribution (McLeman and Gemenne
2018). As highlighted in the following review of the
literature, a specific focus on resource types, stocks
and flows has received much less attention.

Researchers have developed narratives to explain

the causes, forms and impacts of migration in order
to propose or justify various policy interventions
(Vlassopoulos 2013). There have been various
interdisciplinary attempts to reassess the

framework of migration research and bring in new
perspectives from social and cultural geography
(Felgentreff and Pott 2016). Piguet (2010) identifies
six distinct families of research methods aimed at
understanding environmentally induced migration:
ecological inference based on area characteristics,
individual sample surveys, time series analysis,
multilevel analysis, agent-based modelling (ABM) and
qualitative/ethnographic studies. The sector is now
even developing meta-studies of the existing literature
and identifying gaps in empirical coverage (Cattaneo
et al. 2019; Obokata et al. 2014; Upadhyay et al. 2015).

The purpose of this chapter is to summarize current
knowledge on the links between natural resources and
human mobility, as discussed in the existing literature.
To do so, this chapter weaves together some of the
key points from more than 140 books, articles and
chapters (mostly from peer-reviewed literature since
2000). The aim is to highlight key points of agreement
in the literature and identify any areas of ongoing
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debate. This provides a context and foundation for
later chapters on modelling, projections and policy
impacts and responses.

This chapter is divided into three main sections.
The first looks at the availability of, access to and
management of resources and environmental change
in the causes or drivers of human mobility (in other
words, why people move). The second section
assesses the role of resources and environmental
change in the forms of displacement and migration
(or how, where and for how long people move). The
third section addresses the role of resources and
environmental change on the impacts of movement
(namely, how this affects communities of origin and
destination and the migrants or displaced people
themselves).

2.2 The role of natural resources in
driving human mobility

Migration and displacement are determined by a
range of micro-, meso- and macro-level factors. These
include access to financial and social capital, the
viability of alternative livelihoods and the existence of
institutional opportunities and barriers to migration

( Kniveton et al. 2012). The public narrative around
environmentally induced migration implies that

the causal relationships are clear and consensual
(Betts and Pilath 2017). However, most research
acknowledges that the causal link is complex and
ambiguous (ibid.). Many researchers have noted

that mobility decisions result from a combination of
factors, where natural resource dynamics interact
with other political, social, demographic, security and
economic issues (Black et al. 2011; Foresight 2011).
This section therefore explores how natural resources
contribute to (or drive) population movements.

2.2.1 Environmental degradation, climate change
and resource depletion

Much of the associated literature since the turn of
the millennium has focused on the role of localized
environmental degradation, and particularly the
overshadowing impacts of climate change, in
depleting natural resource systems and their
subsequent role in stimulating migration, forced
displacement and planned relocation.

Such factors are often (imperfectly) categorized by
their temporal scope (Cattaneo et al. 2019). On the
one hand, there are slow-onset factors — drought,

desertification, sea-level rise, land degradation and

growing water insecurity — that disrupt livelihoods,
especially resource-dependent ones such as farming,
livestock herding and fishing. On the other hand,
there are sudden-onset events — flooding, industrial
accidents, storms and glacial lake outburst floods
(GLOFs) — that present more imminent danger to
people’s lives and livelihoods, as well as harm to
resource and ecosystem services (Brown 2008a).
Based on how such events occur in parallel and
influence one another, multi-risk scenarios have been
developed to capture their convergence (Rigaud et al.
2018). There are also links with conflict in this context,
and the Intergovernmental Panel on Climate Change
attempted to summarize these issues conceptually in
the fifth assessment report in 2014 (see Figure 2).

Some quantitative studies have drawn a direct

link between the impact on resources of slow-

onset environmental change and the overall size of
migration flows. Feng, Krueger and Oppenheimer
(2010) analysed the link between crop yields and
cross-border Mexico-United States migration and
estimated that a 10% drop in crop-yields would lead to
an additional 2% of the population emigrating. A 2015
multilevel event study of international migration from
Mexico between 1986 and 1999 found that warming
temperatures and excessive precipitation significantly
increased international migration (Nawrotzki et al.
2016). In the Philippines, a rise in temperature and
increased typhoon activity appear to be linked to
increased outmigration (principally due to reduced
rice crop yields), although changes in rainfall did not
appear to have a consistently significant effect on
migration patterns (Bohra-Mishra et al. 2017). Cai et
al. (2016) found a statistically significant relationship
between temperature and international migration,

but only in the most agriculturally dependent
countries (given the link between rising temperatures
and diminishing agricultural yields). A village-level
study of the Kilimanjaro district in Tanzania noted

a positive relationship between rainfall shortage

and outmigration, even after controlling for other
important socioeconomic variables. The study
argues that food insecurity for humans and livestock
is the mechanism through which rainfall variability
affects human mobility (Afifi et al. 2014). In that vein,
household surveys conducted in the northern Central
American countries of Guatemala, El Salvador and
Honduras identified a notable increase in outmigration
following the onset of drought, its impact on
agricultural land and subsequent food security (IOM et
al. 2015).
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Figure 2. The conceptual space for migration and mobility as considered by the Intergovernmental Panel on Climate Change,

with reference to sections in their fifth assessment report (IPCC -

There have also been attempts to investigate the
impact on human mobility of sudden-onset events,
such as floods, hurricanes and disaster-induced
industrial accidents® (Black et al. 2013; Zhang et

al. 2014). However, the links to natural resources
tend to be overlooked or more implicit. In Viet Nam,
regular flood events were linked to displacement,
individual migration decisions and Government-
initiated resettlement of households (Dun 2011). In
this case, the resettlement initiatives moved people
short distances in order to maintain social cohesion
and access to agricultural land to decrease poverty
(Zickgraf 2019). A review of select Asian countries
between 2005 and 2017 noted that natural hazards
such as storms and floods generally increased
external migration. The study posited a direct link
with natural resources, noting that “natural resource
depletion increases external migration” (Abbas Khan
et al. 2019).

Climate change is, of course, just one of many factors
influencing mobility decisions (Kniveton et al. 2008).
Resource use and management can affect mobility

3 Also known as natechs.

AR5-WG2 Report 2014)

responses within and outside of climate contexts.
Resource depletion through overuse (Bilsborrow

and DeLargy 1990), or resource loss as a result of
infrastructure projects, conservation measures and
land grabbing have also been identified as important
in stimulating migration and displacement (Salerno
et al. 2014). Hamilton and colleagues (2004) cite
the example of the Faroe Islands. The Islands have
an affluent society that is highly dependent on
fisheries, and experienced a crisis in the 1990s when
their fisheries were depleted by a combination of
overfishing and environmental stress. The result was
unemployment, business failures and outmigration,
particularly among young adults, which permanently
changed the make-up of the islands’ population.
Meanwhile, Vigil (2018) provides an analysis into
the controversial phenomenon of large-scale land
acquisition (described as “green grabbing”) in
numerous locations by overseas investors. This is
often for biofuels and forest carbon projects that, in
some cases, have displaced local groups living or
working on that land (see Nyantakyi-Frimpong and
Bezner Kerr 2017).
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2.2.2 Vulnerability and mobility

Like climate change, changes in the quality, availability
and access of resources can exacerbate pre-existing
vulnerabilities and inequalities. Mobility linked to
resources can, therefore, be seen as being part of
and the result of a wider context of vulnerability
(Adger 2006). A community’s vulnerability determines
how badly it is affected by environmental hazards
(Adger 2006). Vulnerability is described as the state
of susceptibility to harm from exposure to stresses
associated with environmental change and from the
lack of capacity to adapt to those stresses (Adger
2006). The Intergovernmental Panel on Climate
Change (2014) suggests that the phenomenon of
trapped populations arises when vulnerability is
greater than people’s ability to move (Figure 3).

Figure 3. Relationship between well-being and vulnerability
and trapped population phenomenon (IPCC 2014)

While there is no universal linear relationship between
natural resources and human mobility, various
studies have identified ways in which the likelihood

of more voluntary forms of migration is influenced

by resource dependence and vulnerability to slow-
onset environmental change influence. Reliance

on natural resources can increase the vulnerability

of a community, household or individual, but acts

in conjunction with other features. For example,
Gemenne et al. (2017) argued that vulnerability and
the probability of migration among individuals in West
Africa are influenced by the extent of their dependence
on natural resources, their socioeconomic status

and their demographic characteristics. In fact, much
of the literature on human mobility in response

to slow-onset changes cites the importance of
natural resource-dependent livelihoods in explaining

populations’ vulnerability (in rural and urban areas).
This demonstrates the links between climate change,
economic and environmental drivers of mobility.

A review of the literature makes it clear that resource-
related mobility is often labelled economic migration,
with its environmental roots frequently masked by
other issues (Side box 1): the economic impacts of
resource use and management in the community

of origin, economic opportunities in destinations

or the legal definitions of the migrants/ refugees
themselves. Afifi (2011) identified a number of internal
and cross-border mobility trends in Niger, explicitly
including natural resource considerations such as
those relating to water (droughts, the shrinking of
Lake Chad and Niger River problems) and land (soil
degradation, deforestation and sand intrusion).
However, the study argued that economic factors are
the mechanism through which environmental factors
encourage migration, suggesting that the appropriate
term for such migration should be “environmentally
induced economic migration” (ibid.). Differentiating
between economic and environmentally induced
migration, therefore, has little value in countries whose
economies are resource-dependent: in agriculture-
based economies, environmentally induced migration
is economic migration.

The literature describes a number of resource
disparities that also encourage people to move in the
hope of expanded or more reliable livelihood options
at destination. For example, several case studies have
examined the role of mineral resources (particularly
artisanal and small-scale mining [ASM]) in shaping
internal and cross-border migration (see Chapter 3). In
the Russian Federation, a study of mining sites across
78 regions between 2004 and 2010 detailed rising

net internal migration in mining areas (Sardadvar and
Vakulenko 2017). Nyame et al. (2009) looked at how
the different stages of mine development (growth,
stagnation and closure) in Ghana led to characteristic
migration patterns. They argue that these are
contributing to the country becoming a transit area
for prospective migrant miners, in addition to its
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traditional role as a destination country for miners.
Likewise, large numbers of men migrated from
Lesotho to South Africa during the twentieth century
to work in the commercial mines, sending remittances
back to Lesotho. Since many of the large mines

have closed, these men have tended to move across
to the informal sector, mining abandoned mines
around Johannesburg (Makhetha 2020). Meanwhile,
a detailed survey of nearly a thousand male and
female artisanal miners in the eastern part of the
Democratic Republic of Congo found that artisanal
mining sites were the destination for internal migrants,
but that escape from economic hardship was a

more significant factor than the perceived potential
economic gains (Maclin et al. 2017). Other studies
have assessed the opportunity of differing resource
ownership or management systems (such as the
ability to own land elsewhere, availability of services
and resources offered in urban settings and so forth)
as a factor in encouraging resource-related migration.
The Mecufi district of northern Mozambigue has seen
significant migration of people to coastal areas since
the civil war, in part to access coastal and marine
resources (Bryceson and Massinga 2002).

However, according to Upadhyay et al. (2015), much
of the literature tends to downplay ambiguities in the
terminology and overestimates what is often limited
empirical evidence. As a result, the linkages are
complex and not always consistent. For example, a
study of soil quality in Kenya and Tanzania appeared
to show that high soil quality reduced migration

in Kenya but increased migration in neighbouring
Uganda (Gray 2011). Gray and Wise (2016) used
detailed household information to revisit the links
between climate change and internal and international
migration over a six-year period in five African
countries: Kenya, Uganda, Nigeria, Burkina Faso and
Senegal. Their results were mixed. Temperature
anomalies tended to increase migration in Uganda
but decreased migration in Kenya and Burkina Faso.
However, they showed no consistent relationship in
Senegal or Nigeria. Precipitation, meanwhile, showed
a very weak and inconsistent relationship with
migration across all the case study countries.
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Side box 1: Migration and resources in
Mexico and northern Central America

Pablo Escribano, IOM

Mexico and Central America — in particular, the
northern countries of Central America (El Salvador,
Guatemala and Honduras) — have been consistently
identified as heavily exposed to the adverse impacts
of climate change and environmental degradation
(Rigaud et al. 2018). Scientific evidence has shed light
on the links between Mexican and Central American
migration and climate variability (Mbow et al. 2019,

p. 518). The impact of climate change on migration
has received considerable attention, particularly since
the beginning of the so-called migrant caravans in late
2018 but also in the wake of the devastating impact of
hurricanes Eta and lota in Guatemala, Honduras and
Nicaragua in November 2020.

However, researchers have qualified the linearity of
the impacts of climate change and environmental
degradation on migration in Mexico and Central
America: it remains “difficult to parse out precisely
the role that climate variability and change plays in
migration, given the presence of factors including
violence and insecurity, as well as long-established
migration patterns from the region to the United
States” (Pons 2021). It is important to consider the
different pathways through which climate variability
and hazards influence migration patterns, considering
the heterogeneity of the region, the influence of
multiple drivers of migration and the micro, meso and
macro determinants at play (Government Office for
Science, United Kingdom, 2011).

Understanding the role of resources as drivers

of migration can improve knowledge of the
climate change, environment and migration
nexus in the region. It may also enhance analysis
of the multi-causal nature of migration and the
complex interactions between climate variability,
unemployment and violence in the most exposed
areas. Focusing attention on the availability of
resources serves to nuance the approach to the
environment-migration nexus and encourages a
consideration of compounding drivers of migration,
coping mechanisms and potential responses to
address the adverse drivers of forced movement.

Environmental change and its impact on resource
availability in Mexico and northern Central America

A recent review of available evidence on human
mobility resulting from disasters and climate change

in Central America identified 228 studies that address
the environment-mobility nexus (I0M 2021). Within
this set, non-distinct climate change and disasters
appear in the largest number of documents, followed
by droughts and hurricanes. Additional hazards are
also identified as drivers of mobility, including floods,
sea-level rise, rainfall variation and geophysical
events, which points to the multi-hazard nature of
vulnerabilities in the region (ibid.). Different studies
have evidenced a relationship between extreme
climate events and migration in Mexico and Central
America, both in terms of drought and floods/storms
(Kaenzig and Piguet 2014; Riosmena et al. 2018).
Projections point to considerable dryness across the
region, with significant internal climate variability of
mid-summer drought trends (Anderson et al. 2019).
These hazards have an impact on the availability of
resources, notably in terms of water. Water scarcity
is a key component of the resources-migration nexus
in Central America and Mexico. This is due to the
productive structure of Central American countries,
their reliance on rain-fed agriculture, subsistence
agriculture practices and the significance of climate
sensitive crops (Mbow et al. 2019). Projections
estimate a decrease in the productivity of crops such
as beans, coffee, maize, plantain and rice (Donatti et
al. 2018), which has key implications for food security,
both in terms of domestic consumption and the sale
of produce to pay for basic products. In Guatemala,
farmers “produce some of their own food, work
seasonally to pay for much of it through unskilled
labour such as on coffee farms, and acquire additional
food from natural sources such as forests or water
bodies” (Pons 2021). Statistical analyses have shed
light on positive correlations between food insecurity
and migration from northern Central America (IOM et
al. 2017).

Resource availability and migration pathways

Studies have reported that maize and coffee farmers
across Central America are noticing the impacts

of climate change, which has had an impact on

crop yields and, to some extent, changes in farming
practices (Harvey et al. 2018). Employment in rural
areas has also been affected by various hazards. For



example, the coffee industry provides much-needed
income for farmers who work seasonally in the sector,
yet coffee is highly sensitive to climate variability,

with very significant yield losses and destruction of
jobs across the region (United Nations Economic
Commission for Latin America and the Caribbean
[ECLAC 2018]). In surveys carried out by IOM in 2018
and 2019 in the region's main migration corridor,
migrants rarely identified climate variability as the
motivation for their journey. However, a significant
share of respondents worked in the primary sector
before leaving their country and most were looking for
improved economic opportunities abroad (IOM 2019).

Researchers have also shed light on other pathways
bridging the gap between the limited access to
resources and migration. Land ownership is a

critical factor and is often one of the resources that
smallholders sell as a coping mechanism when yields
are affected and employment becomes scarce, before
individuals turn to longer term migration options.
Local populations in areas of Guatemala “identified
cycles of fruitless investments and outstanding debts
in agriculture as immediate drivers of decisions to
migrate” (Johnson 2021). An underresearched field

of analysis in Central America relates to the nexus
between resource scarcity, violence and conflict and
migration — where limited resources may lead to
violence, struggles and ultimately migration.

Further studies suggest that, in various Central
American countries, remittances received by farming
households are not widely used for qualitative
transformation of lands but more for an increase

in row crops and pasture holdings, with potentially
negative consequences for agricultural sustainability
(Davis and Lépez-Carr 2013). The effect of
remittances on land use are diverse and non-linear,
with a process of forest decline observed followed by
local patterns of forest recovery (Taylor et al. 2016).
There is a mixed picture in terms of migration from
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rural areas with smallholdings: “migration is at once
evidence of displacement, as well as a strategy for
families to prolong remaining on the land in order to
produce food” (Carte et al. 2019).

The rise in migration from the northern countries

of Central America is the result of multiple drivers
including environmental and climate change, with a
specific role played by resource availability in terms of
water, land, funds and livelihoods.



http://Shutterstock.com

Human Migration and Natural Resources: Global assessment of an adaptive complex system

2.3 The role of resources in the forms
and dynamics of human (im)mobility

Human mobility is just one possible response to
environmental change and opportunity (Warner
2010). Many studies have attempted to determine the
causes of migration and displacement at the expense
of the dynamics and outcomes of that movement in
terms of who goes (and who stays), to what extent
they aspire and need to move, and for how long and
where they go. As highlighted by Black et al. (2013),
where people go in the future and which key ‘tipping
points’ may be associated with a significant rise (or
fall) in migration to a particular destination may be
more significant than the overall number of migrants
globally. This section therefore focuses on how the
resource picture affects the forms and dynamics of
human mobility.

2.3.1 Three phenomena: migration, displacement
and immobility

A growing body of literature demonstrates that

not only is population movement multi-causal, but

its outcomes vary greatly according to people’s
aspirations and capacity to migrate (de Haas 2014).
Black et al. (2013b) distinguish between three

broad outcomes of extreme environmental events:
migration, displacement and immobility.# This
typology is extended to the resources-mobility nexus,
with the important caveat that they are relational and
dynamic categories and that, in practice, it is difficult
to distinguish between forced and voluntary migration
(and this can have major policy implications) (Piguet
et al. 2018; lonesco et al. 2017; Laczko and Aghazarm
2009).

Warner et al. (2010) warn that simplistic assumptions
about the relationship between resources and
migration can lead to misleading conclusions that
underplay the complex multifaceted economic,
environmental, political and social processes that
are the root causes of most environmentally induced
migration. When people are faced with severe
environmental degradation, they have one of three
options: to stay and adapt to reduce the effects; to
stay and accept a lower quality of life; or to leave

the affected area (Warner 2010). As well as more
obvious prevailing socioeconomic and political

4 In the case of climate change, Ferris (2012) distinguishes
between migration, displacement and planned relocation.

dynamics, most researchers agree that the outcome
is strongly dependent on a host of mediating factors,
such as individual capabilities, personal aspirations,
sociopsychological factors and the opportunities
available (de Haas 2010a; Carling and Schewel 2019;
Ayeb-Karlsson et al. 2020).

Early literature was criticized for focusing almost
exclusively on displacement, while underestimating
human agency in decisions to migrate, which led to
more extensive research on decision-making and
perceptions of populations (Jokisch et al. 2019;
Sakdapolrak et al. 2016). Koubi et al. (2016), for
instance, are critical of the “rational actor” assumption
implicit in many analyses of migration as a response
to environmental stress (and opportunity), and instead
focus on how individuals perceive various types of
environmental events in different ways depending on
their background and past mobility. They suggest that
migrants and non-migrants perceive the extremeness
of sudden-onset and slow-onset environmental events
differently, and that not all will choose or be able to
migrate (Foresight 2011).

This criticism has also been levelled at some of

the models used to project future scenarios for
environmentally induced migration (Bukari et al. 2020).
Moreover, populations’ perceptions of environmental
change, upon which they base their migration
decisions, do not necessarily align with externally
observed climate data (De Longueville et al. 2020).
People may also move (or be moved, in the case of
relocation programmes) in anticipation of adverse
resource change rather than in response to it.

In certain contexts, environmental and associated
resource parameters might not actually be a
determining factor for group or individual decisions
to move, even if expected to. Mortreux and Barnett
(2009), for example, surveyed the inhabitants of the
island of Funafuti, Tuvalu, noting that most people
did not see climate change as a cause of major
concern, let alone a reason to migrate, and those
who were planning to migrate did not cite climate
change as the reason for doing so (which is echoed
by McCubbin et al. 2015). Similarly, Van der Land
(2017) refutes the assumption that environmental
stress and associated resource dynamics are a
dominant migration driver in regions of concern
such as the West African Sahel, and instead points
to the role of individual aspirations for educational
opportunities and urban lifestyles. Slow-onset
environmental changes, Van der Land (2017) claims,
may prove to be less significant migration drivers
than the literature and media might suggest. Likewise,



social capital is an important aspect of individual and
household migration decisions. In the Punjab region
of Pakistan, one study noted a strong link between
families’ social links and the extent of rural to urban
migration (Imran et al. 2016). Bukari et al. (2020)

note that resource scarcity and climate change are
factors in the migration of pastoralist groups such as
the Fulani in West Africa, particularly in terms of the
relatively favourable conditions in Ghana that may
attract some pastoralists to the area. However, other
factors were also involved, such as labour demand for
pastoralists, access to pasture, social networks and
the scale of conflict in the area. Likewise, Bayar and
Aral (2019) studied all large-scale forced displacement
in Africa between 2011 and 2017. Their study found
that civil and interstate conflicts, lack of democracy
and poverty are the most important drivers of
displacement, and that climate change has an indirect
effect at best.

In fact, the role of governments has been downplayed
but government does affect people’'s needs,
aspirations and abilities to migrate, for example by
setting permissive or stringent migration policies.
Martin (2012) proposes that legal and institutional
responses shape patterns of mobility in response

to slow-onset situations, arguing that immigration
policies, governance and the relative level of
governance play a crucial role in affecting individual
responses to natural hazards and conflicts. A study
for the European Union (Barbas et al. 2018) noted
that slow-onset events such as droughts and land
degradation are relevant to outmigration from rural
areas, but that the population’s migratory response
depends on people’s ability to adapt to new conditions,
institutional capacity, the effectiveness of resource
management and sustainable development policies.

Although migration and displacement (and, to a
lesser extent, planned relocation) are usually studied
as impacts of environmental change, the most
vulnerable people are not necessarily the ones most
likely to migrate, or even to become displaced, as
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they may lack the means to move at all (Brown

2008). At the same time, diminishing resources

may create or exacerbate a need for migration and
migration itself requires resources. In the context of
international migration (not environmentally related),
de Haas (2010) challenges the conventional idea

that development in (presumably poorer) countries

of origin will reduce international migration in the
form of people moving to benefit from relatively
higher levels of wealth in destination countries,
instead suggesting that higher levels of development
generally lead to higher levels of migration, with
people requiring a certain level of financial resources.®
In fact, the third outcome — immobility — has rightfully
attracted increasing attention in recent years as one
of the key non-linearities in the relationship between
environment and human mobility (Adams 2016;
Blondin 2020; Nawrotzki and DeWaard 2018; Zickgraf
2019).

Environmental changes may, for instance, erode
household resources in such a way that migration
becomes less rather than more likely, even in the
context of resource changes that threaten livelihoods
(Geddes et al. 2012). Afifi et al. (2015) conducted a
fleld study of the dynamics of rainfall variability, food
insecurity and human mobility in eight countries.®
They noted a wide range of outcomes: some
households could harness migration as a successful
adaptation strategy, while others move but are subject
to even worse conditions, while others become
trapped in situ. However, it is important to note that
immobility is not necessarily involuntary despite

the strong emphasis on notions such as trapped
populations. Many people will, even in the most
adverse of circumstances, choose to remain in place
(Adams 2016; Farbotko 2018; Zickgraf 2019). In fact,
Szaboova et al. (2021) show that people continued to
stay in environmentally fragile areas because of their
attachment to the place. Whether by force or choice,
immobility may increase the risk for a number of
adverse consequences related to a changing resource
availability, access and use - including displacement
(Foresight 2011).

5 Yet, this may only be true up to a point: a 2018 report for the
European Union points to middle income countries rising GDP per
capita being associated with higher migration levels, whereas in
high income countries, higher GDP per capita is associated with
lower migration levels (Barbas et al. 2018).

6 Ghana, Tanzania, Guatemala, Peru, Bangladesh, India, Thailand
and Viet Nam.
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Side box 2: Low-lying islands, natural
resource changes, well-being and (im)
mobility

|. Kelman

Residents of low-lying islands face major natural
resource changes, as has occurred throughout
history. Similarly, migration has always been one
response to these changes. Today, diasporas send
back remittances while temporary migration occurs
for education, seasonal work and fun. These forms
of migration are mainly voluntary, involving people
who choose to seek other opportunities, although
the lack of educational facilities or jobs effectively
forces migration. At other times, migration is mainly
forced, such as a cyclone or tsunami flattening an
island, although it is arguably a choice not to provide
resources over the long term to reduce vulnerabilities
to these environmental processes that result in
disasters.

At the same time, modern waste (including plastics
and batteries) damages ecosystems (Farrelly et al.
2021; Lavers et al. 2019). Some people in Kiribati
mine sand or use harmful nearshore fishing practices,
while offshore industrial fishing depletes stocks.

For Kiribati, Mangubhai et al. (2019) document how
cockle harvests have dropped to under 10% of values
from a generation ago, while sea cucumber exports
took five years to drop to less than a quarter of their
peak in 2007. As the consequences undermine local
livelihoods, people may feel compelled to move.

Nuances emerge in analysing these situations.
Migration from (or to) low-lying islands should not
be feared. It can yield opportunities and improved
services, and is not always undesirable. Many
Marshallese seek to emigrate to the United States
in order to improve their education, assuming that it
will be better at destination, but remain connected
to their lands of origin through visits (McClain et al.
2020). Nevertheless, fundamental questions remain
as to how to ensure services and opportunities are
equitable in order to give people choices about staying
or leaving.

To avoid forced displacement from low-lying islands
due to natural resource changes, there are ways of
supporting adjustment to new circumstances. Where
precipitation decreases, drought-resistant crops could
be explored. As the salt content of subsurface water
increases due to sea-level rises, local desalination and
salt-resistant crops could be brought into play.

People living in low-lying islands do not want to be
perceived as passive victims who accept whatever
happens to them, such as natural resource changes
or forced displacement. They can and do make their
own decisions to adapt, based on their own values
and interests, sometimes with external support or
collaboration and sometimes alone (Kelman 2018;
Moncada et al. 2021). People from the Marshall
Islands and Kiribati have pursued “migration with
dignity” as their slogan (McClain et al. 2020),
explaining that, if they must move or choose to move
from their islands, then they will do so on their terms
rather than being seen to require aid in order to flee,
without other options.

Many aspects are nevertheless outside the hands
of residents from low-lying islands, such as
human-caused climate change and anti-immigrant
sentiments. However, many islanders remain
optimistic about their abilities to adapt to ever-
changing local circumstances by staying or migrating.
In terms of migration, Marshallese (McClain et al.
2020) and Maldivians (Baldwin and Fornalé 2017)
are following well-established pathways of leaving
their countries to improve their living conditions
and opportunities, without climate change being a
significant influence on these decisions.

Not all choices produce positive outcomes. For those
staying, local choices to modify food preferences

in the Marshall Islands have increased obesity and
diabetes (Davis et al. 2019). For those leaving, the
large number of Tuvaluans settling in New Zealand
has led to a loss of Tuvaluan languages and cultures
(Samu et al. 2019).

Furthermore, many residents of low-lying islands want
to move, but lack the resources or opportunities to do
so. Forced immobility means “trapped populations®,
often characterized by persistent poverty with few
possibilities for preparing for and addressing natural
resource changes, as detailed by Taupo et al. (2018)
for Tuvalu. As with migration, immobility is part of

the cultures and histories of people living in low-lying
islands, with many preferring to remain on their land
with their ancestors and heritage, irrespective of
difficulties and suffering. Noy (2017) explains that
many Tuvaluans do not feel that they could leave their
country now due to resource-related challenges, so
instead they “stay and voice” in order to advocate for
action that supports them.



For migration and immobility, day-to-day concerns and
desires can be used by locals and external partners
to improve choices and actions (Ayeb-Karlsson
2020a). One example is natural resource changes
and subsequent migration/immobility affecting
physical and mental health and well-being. The

rapid changes in natural resources can make local
knowledge on food, water, energy and livelihoods
outdated and counterproductive for daily and longer
term health needs. Functioning and resourced

health systems with qualified and dedicated staff;
destigmatization of health needs such as family
planning and mental health and well-being; and
initiatives to adapt outmoded practices all support
good health, non-destructive natural resource use,
suitable adjustment to changes and opportunities for
migration or immobility.

Foresight, planning and collaboration are needed to
emphasize positive change and sustainable activities
that can be developed and implemented by the
residents of low-lying islands themselves. In 2014, the
Kiribati Government purchased land in Fiji to support
Kiribati's need for natural resources, although many

Natural resources, displacement and migration
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in and outside Kiribati misinterpreted the situation

as preparing for climate change migration (Hermann
and Kempf 2017). Maldives, under various presidents,
has pursued a policy of land reclamation and island
construction (Naylor 2015), seeing and planning for a
future irrespective of natural resource changes.

Terms such as “climate refugees” can be
counterproductive and deterministic while limiting
policy options and being legally inaccurate, so should
be avoided. Instead, both migration and immobility
form part of the needed and desired context for
people living in low-lying islands to deal with natural
resources changes, some from local activities
alongside many more imposed on them from outside.
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2.3.2 Spatial and temporal dynamics of human
mobility linked to resources

The role of resources in triggering displacement or
encouraging migration has an important bearing on
the resulting forms of migration and displacement
(Brown and McLeman 2013). This occurs along two
main axes: spatial (where people go) and temporal
(how long they leave for). Findlay (2011) notes that
relatively little academic attention has been paid to
places to which migrants might move - a data gap
that persists today. However, as with the causes of
migration and displacement, the resource picture also
affects where people might choose or be forced to
move (Kniveton et al. 2008). The dearth of literature
is indicative of the historic lack of emphasis placed
on the context and nuances of the spatio-temporal
dynamics of mobility (Safra de Campos et al. 2017).

De Souza Ferreira Filho and Horridge (2020)

suggest that climate change’s impact on agricultural
productivity in the north-east of Brazil could restart
patterns of migration last seen in the 1970s, with
unskilled migrants streaming south to the urban
centres of Sdo Paulo and Rio de Janeiro. A 2004
study in Burkina Faso showed that people from drier
regions are more likely than those from wetter areas
to engage in both temporary and permanent migration
to other rural areas (Henry et al. 2004).

Most migration related to environmental change
occurs along pre-existing routes (Black, Kniveton

and Schmidt-Verkerk 2013). Despite fear-based
portrayals of mass international migration from lower
to higher income States, evidence strongly indicates
that most people who migrate or are displaced for
reasons linked to resources or environmental change
move within their own country or region (lonesco,
Mokhnacheva and Gemenne 2017). This is particularly
true when rural, agricultural (natural resource-
dependent) livelihoods are disrupted or rendered
untenable, and with a particular trend in migration
from rural areas to urban areas (de Sherbinin et al.
2012). It should be noted however, that rural-to-rural,
urban-to-rural and urban-to-urban mobility also occur.
Most researchers report that international mobility

is a smaller portion of overall movement resulting
from environmental and resource changes (McLeman
and Gemenne 2018). However, populations certainly
can and do move across national borders. Internal or
international and rural or urban migration trajectories
are often shaped by social networks and support
systems, where social capital might encourage and
facilitate mobility. For example, the Nawrotzki et

al. (2016) study of migration patterns and climatic

change in rural Mexico between 1986 and 1999
found a stronger relationship for international
migration (to the United States) rather than internal
migration, which the authors ascribed to the
presence of strong migrant networks in the United
States, as well as climate-related changes in wage
differences. Displacement also takes place across
national borders, especially in regions where borders
are permeable and international migration is not
necessarily long distance (Abbas Khan et al. 2019).

Closely linked to the question of how far people move
is the period of time for which they move. Mobility
takes many forms with people moving for different
periods of time, depending on their means, their
needs and existing migration systems (lonesco,
Mokhnacheva and Gemenne 2017). Temporary and
circular migration has, of course, been a traditional
way to adapt to the resources available in different
seasons. Herders and hunters in the Arctic, Central
Asia, Africa and South America have traditionally
engaged in seasonal journeys: moving their herds or
following their prey between different regions that
support them (ibid.). However, environmental change
and fluctuating natural resource dynamics have been
shifting these traditional routes (Adger et al. 2014).

Temporary or short-term migrants are usually
expected to return to their point of origin. This
movement may be seasonal, based on harvest and
crop seasons, for example (Antwi-Agyei et al. 2018). In
the case of sudden-onset events, such as floods and
storms, people will typically move temporarily, either
in the case of evacuation or short-term displacement,
returning to their original homes once the immediate
risk has receded (Joarder and Miller 2013). People
may also end up in protracted displacement situations
if resources at the place of origin are unable to
support a return, as may be the case for sea-level
rises (Hauer et al. 2020; Benet 2020), major industrial
accidents (Hunter et al. 2015) or natural disasters
(Peters and Lovell 2020). For example, 10 years after
the Haitian earthquake, thousands of people remain
displaced (Benet 2020).

Moreover, economic and personal opportunities can
turn temporary movement into a permanent move

if the destination offers greater resource access, a
more stable livelihood and people have an aspiration
to stay (Black et al. 2013b). For instance, Islam

and Shamsuddoha (2017) suggest that slow-onset
changes in Bangladesh affecting local ecosystem
services and livelihood opportunities appear to
encourage people to undertake routine economic
migration at first, but that this later turned into



permanent migration. Joarder and Miller (2013)
suggest the probability of migrating temporarily or
permanently may be significantly affected by prior
occupational experiences, particularly those tied
to natural resources. In Bangladesh, for example,
migrants who were farmers or fishermen are more
inclined to move permanently.

2.3.3 A persistent gap: gendered dynamics

Current studies often focus on the household level,
sometimes to the detriment of intra-household
dynamics and inequalities, thereby creating a blind
spot in current knowledge. For instance, only a
handful of studies within the environmentally induced
migration sphere have broached the issue of gender
and migration (Chindarkar 2012; Eastin 2018; Gray
and Mueller 2012; Gioli and Milan 2018; Van der Geest
2009; Everrtsen and van der Geest 2020). Gray and
Mueller (2012) conducted a longitudinal study of

the Ethiopian highlands during periods of drought.
They showed that men’s labour migration increased
with drought but that marriage-related moves by
women decreased with drought, highlighting the
multiple dimensions of adaptation to environmental
change. In contrast, Joarder and Miller (2013) argue
that, in Bangladesh, it is women who are more likely
to migrate temporarily as a survival strategy in the
face of environmental challenges. A study in the
Philippines argued that the most likely to migrate are
young, connected, more educated men, whereas older
people are less likely to migrate, regardless of income
level (Bohra-Mishra et al. 2017). Myrttinen (2017)
notes the differential impact that environmentally
induced migration has on gender relationships but
argues that much of the analysis has been based

on relatively simplistic stereotypes. Gioli and Milan
(2018) argue that migration is often strongly defined
by gender roles and propose a feminist political
ecology framework as a useful way of analysing the
intersections between knowledge, power and practice.
Seeing gender and other individual demographic and
social variables as mediating factors to research may
help further understanding of the forms and dynamics
within the resource-mobility nexus.

2.4 Resources and the impacts of
human mobility

Studies tend to agree that migration, displacement
and immobility are multi-causal, and that natural
resource availability and use, populations’ livelihood
dependence and resource management are often
intermediaries in the environment-migration nexus, if
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not always the primary ones (lonesco, Mokhnacheva
and Gemenne 2017). This is the case at origin points,
but also in transit and at destinations. The role of
resources in triggering a spectrum of human mobility
- either by necessity, opportunity or a combination -
has an important bearing on the resulting forms of
migration and displacement, and subsequently, the
impacts of those movements (Brown and McLeman
2013). This is not a process in which migration or
displacement ends upon arrival, as implied by the
emphasis on migration drivers. The impacts of
mobility feed back into socioecological systems and
affect resources of migrants, communities of origin
and destination communities (Guadagno 2014, 2017).
This underscores the need to investigate resource
availability, access and use within socioecological
systems at the macro, meso and micro-levels, and
the role of human mobility within them, including its
impact on the entire system. Desai et al. (2021) note
that, despite growing demand for comprehensive
risk assessments that include displacement, due to
complex causation and poor data, the longer term
economic impacts of climate-related displacement
are often hidden.

Underlying much of the debate over the impacts

of mobility has been a calculation, often unspoken,

as to whether the cumulative impacts of migration
and displacement represent a net positive (to be
encouraged) or a net negative (to be discouraged).

De Haas (2010b) notes that the debates on migration
and the impact on development have swung back and
forth between development optimistic approaches in
1950s and 1960s, to neo-Marxist pessimism in the
1970s and 1980s and back towards a more optimistic
outlook since then. These differing perspectives are
present in the literature: Nicholson (2014) notes that
the discussion about resources and migration is often
framed by a concern about its causal impacts on the
societal status quo. Nishimura (2015) argues that the
primary focus should shift from the national security
of developed countries to the particular needs of
migrant populations themselves, as this would help
migration to be included in adaptation strategies.

The specific drivers and forms of displacement and
migration determine the balance of these impacts on
resources and, in turn, on sustainable development,
politics and security. Ultimately, this has a bearing on
whether migration is viewed as a net positive or a net
negative phenomenon (Black et al. 2011).
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Figure 4. Pathways linking natural resource availability, conflict, security and migration in the literature

2.4.1. Resources, conflict, security and human
mobility

Human mobility has been oversimplified in terms

of causes but also outcomes, which are explicitly or
implicitly assumed to be a national or international
threat. Forced displacement can undermine
development in at least four ways: by increasing
pressure on infrastructure and services in destination
areas; by undermining economic growth; by increasing
the risk of tensions and conflict with communities at
destination; and by leading to worse health, education
and social indicators among migrants themselves
(Brown 2008a).

Baldwin et al. (2014) argue that the spectre of
migration plays a crucial role in the securitization of
climate change, with climate-induced migration being
used as a sort of shorthand to describe the security
impacts of a warming climate. Much of the negative
framing and fear-based portrayals of human mobility
surround its potential (adverse) impact on peace
and (international) security. In particular, migration
and displacement are commonly cited as mediating
factors in a pathway towards conflict (Adger et al.
2014). There are certainly examples of population
movements leading to tensions and conflict over
more scarce resources, often linked to competing
livelihoods and/or ethnic groups with histories

of tension. For example, Mbonile (2005) noted

how people moving to the Pangani River Basin in
Tanzania, partially in search of water, led to intensive

conflicts between pastoralists and farmers, increased
demand for water and decreased water availability in
downstream areas.

McLeman et al. (2016) note that resource-related
mobility can be linked to political instability (see
Figure 4), but the security literature cautions against
overly simplistic assumptions about cause and effect.
Similarly, Dalby (2002) noted that deterministic claims
about the relationship between environmental change,
instability and migration are implausible given that
conflict and mobility are complex socioecological
phenomena. In fact, Nicholson (2014) warns that any
ongoing substantive search for a causal relationship
could be a blind alley that fails to analyse its
assumptions and therefore allows the results to be
politically manipulated. Consequently, links between
natural resource availability, conflict, security and
human mobility must be investigated cautiously rather
than taken as read.



2.4.2. Resource benefits of human mobility:
migration as adaptation

Although conflict over (scarce or abundant) natural
resources can indeed lead to or result from migration
and displacement, it would be unhelpful to overlook
the benefits of human mobility for natural resource
pressures in origin and destination communities

and among migrants themselves (Gemenne and
Blocher 2017). Migration and displacement are often
described and treated as a function of vulnerability —
an indicator of the limits of adaptation (Gemenne and
Blocher 2017; Warner and Afifi 2014).

As a result, many policy interventions explicitly

try to encourage adaptation measures in source
countries as a way of reducing migration pressures
and encouraging people to stay in their homelands
(Gemenne and Blocher 2017). In the context of
Bangladesh, Siddiqui et al. (2017) have shown how
Government policy and programmes initially tried to
portray migration as failure in local level adaptation.
Over the years, the mindset of Government changed.
However, such negative depictions of human mobility
related to resources have recently been countered
by a more optimistic reading: that, rather than being
a symptom of a failure to adapt, migration can be
an effective form of adaptation (Black, Kniveton and
Schmidt-Verkerk 2013; Hunter, Luna and Norton
2015). After all, migration is already a widely used
strategy to maintain livelihoods in response to
social, environmental and resource changes (Adger
et al. 2014). Pastoralist societies, which are reliant
upon biological (flora/grassland) resources, are just
one example of this. In many societies, seasonal
labour migration has been a livelihood strategy for
generations (Kniveton et al. 2008).

This perspective underpins the common usage

of two theoretical frameworks: the Sustainable
Livelihoods Approach (SLA) and the New Economics
of Labour Migration (NELM) theory in studies of the
environment-migration nexus (Kniveton et al. 2008;
Van Praag and Timmerman 2019). The Sustainable
Livelihoods Approach moves beyond simple push
and pull factors to explain migration as part of a
coping strategy available to households to build or
maintain a socially and environmentally sustainable
livelihood (Brocklesby and Fisher 2003; Kniveton et
al. 2008). The range of possible coping strategies
are determined by a household's natural, physical,
financial, human and social assets (Sakdapolrak

et al. 2016). For example, a study of temporary
migration in Matlab, Bangladesh, attempted to
predict the extent to which temporary migration was
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affected by temperature, precipitation and flooding
(Call et al. 2017). Perhaps counter-intuitively, the
study found that migration declines immediately
after flooding but then returns to normal, whereas
optimal precipitation and high temperatures increase
migration over one to two-year periods. According to
the authors, this challenges the common assumption
that high temperatures and extreme weather events
consistently lead to increased temporary migration,
and the results support a livelihoods interpretation,

in which households employ a range of ways to deal
with environmental variability (ibid.).

From an NELM perspective, migration is not an
individual decision, but a collective household
decision made together with non-migrants. The
departure of one household member offers a
livelihood diversification and insurance strategy,
protecting the migrant-sending household from
adverse environmental or other changes (Stark and
Bloom 1985).” The main mechanism of adaptation is
financial remittances generated by the migrant and
sent back to their non-migrant relatives.

However, the option of such adaptation is denied

to those who lack mobility, leading to the prospect

of increased numbers of people trapped in place
(Black et al. 2011; Adger et al. 2015; Ayeb-Karlsson

et al. 2018). Adger et al. (2009) note that adaptation
to climate change, including the view of migration

as an adaptive action, is formed and constrained by
social factors such as cultural values, attitudes to

risk and knowledge. These form societal limits to
adaptation, but these limits are subject to change
(Benveniste et al. 2020). However, this more optimistic
reading of migration as adaptation is not without its
critics. First, by narrowing the focus on migration

as an adaptive response to environmental risks and
resources, it ignores the major impacts of other forms
of migration. Second, it does not address the other
ways that people and societies deal with change, such
as resilience building. Third, migration as adaptation
has been interpreted in a way that justifies neoliberal
migration policies (Bettini and Gioli 2016; Sakdapolrak
et al. 2016).

7 However, it should be noted that NELM assumes that migration
is a collective, harmonious household decision and has been
criticized for overlooking intra-household dynamics including
conflict and power imbalances and inequalities such as gender and
generation within and outside environmental contexts (Gioli and
Milan 2018).
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Even when they are able to move, not all migrants,
displaced individuals or their families will benefit, and
maladaptive outcomes may also occur. Investigating
migration as adaptation therefore prompts the
question of who the adaptation is for, as well the need
to examine differential resource costs and benefits
for migrants, origin areas and destination areas
(Gemenne and Blocher 2017).

2.4.3 Impacts on migrants and displaced people

People on the move can benefit from migration
through increased economic and educational
opportunities, for instance, or more secure resources.
Although short-term displacement is commonly seen
as a situation to avoid, it is often the best available
option to protect against immediate risk. Even in
displacement contexts, people’s access to critical
services like health care and food aid may improve
their overall well-being when displacement is well
managed and protection needs are addressed.

Nonetheless, migration has individual social and
emotional impacts for people with understandable
attachment to place, not just in a physical spatial
sense but also in terms of culture, community and
social networks. Because resources may be just one
factor in mobility decision-making, migration does not
necessarily or uniformly improve resource conditions.
As Tabe (2019) notes in the case of relocated Pacific
Islanders, people displaced by environmental change
or who migrated in response are also exposed to
potential new hazards and undergo changes in

their own access to resources. A study of migration
between 1970 and 2000 showed that migrants in
developing countries have tended to move away
from marginal drought-prone dryland and mountain
areas towards coastal ecosystems and areas that
are prone to floods and cyclones (de Sherbinin et al.
2012). In Bangladesh, permanent migration caused by
slow-onset resource changes can increase poverty,
especially for women, older adults and the disabled
(Islam and Shamsuddoha 2017). In Peru, Carrasco-
Escobar et al. (2020) calculated the extent to which
internal migrants are exposed to higher levels of air
pollution through having moved from rural areas to
poor urban neighbourhoods.

The limited formal legal protections available to
people who cross borders as a result of environmental
stress or natural hazards have been the subject

of increasing attention and concern over the

last decade (Gemenne and Briicker 2015; Zetter
2017). International legislation on refugees, the
environment and human rights does not account for

resource-related displacement, thereby reducing the
potential protection available to people (Nishimura
2015). For instance, according to Zetter's (2011)
assessment of the capacity of national legal

systems to protect the rights of people displaced

by environmental stress in four countries,® although
all experienced environmental displacement as

an enduring phenomenon due to their resource-
dependent economies and fragile ecosystems,

while acknowledging the existence of environmental
migrants, none of the legal systems assigned a
specific legal status to those migrants and internally
displaced persons (IDPs). This was partly because of
the politically sensitive nature of the issue. One of the
most innovative elements of the Global Compact on
Safe, Orderly and Regular Migration, signed in 2018 by
164 States, was that it explicitly recognized the nexus
between climate change and migration (Kalin 2018).

2.4.4 Impacts on communities of origin

The impacts of outmigration on communities of
origin echo the debates within the broader literature
on migration and development. While migration
and displacement can have a significant impact on
resources in migrants’ areas of origin, the form of
impact varies from one context to another based
on multi-scalar socioeconomic, environmental,
political and demographic interactions. As mentioned
above, temporary outmigration is already a coping
strategy for communities living in areas affected by
environmental stress, enabling mobile community
members to search for work externally to both send
remittance money home and reduce the overall
number of people to be fed at home (Brown 2007,
Sakdapolrak et al. 2016).

Research tends to focus on the economic dimensions
of the environment-migration nexus, primarily by
seeing how financial remittances can decrease
reliance on local, rural, natural-resource based
livelihoods. However, outmigration can also help to
increase social resilience in communities of origin by
transferring skills, knowledge, technology or “social
remittances”. Migrants can therefore help drive
adaptation to environmental and resource change and
stress within socioecological systems in less material
ways. For instance, the movement of migrants can
build and extend social networks that facilitate future
migration, thereby continuing the chain of migration
(Brown and McLeman 2013) and helping to escape

8 Kenya, Bangladesh, Viet Nam and Ghana.



the perils associated with involuntarily immobile and
displaced populations.

According to research into eight® international case
studies that assessed a range of rainfall-related
climatic events such as floods, drought and seasonal
shifts, outmigration can be a successful temporary
adaptation strategy for communities of origin (Afifi et
al. 2015; Sakdapolrak et al. 2016). This can decrease
local pressures on natural resources in the place of
origin, but also denies those communities valuable
human resources, as it is often members of the active
labour force who are most likely to migrate. The same
eight countries were included in a study (Warner

and Afifi 2014) that distinguished between different
forms of migration undertaken by households that
were resilient or vulnerable. Vulnerable households
were more associated with what the authors called
erosive coping. This meant that migration that did not
build resilience of the host community, for example, if
remittances did not get through (thereby exacerbating
food insecurity in the community of origin).

In the Global South, extensive rural-to-urban migration
coupled with falling birth rates is affecting the
distribution of populations (Schaeffer 2017), as well
as shifting resource use and management. McLeman
et al. (2016) note that environmentally induced
migration is also contributing to socioeconomic
inequality in sending areas, as mobility is available to
those with the social, personal and financial resources
to move. The benefits of migration are therefore
unequally distributed (Zickgraf et al. 2016). The case
of coastal Viet Nam exemplifies the complex forces at

work in terms of the resilience of source communities.

Here, emigration is occurring alongside but not driving
the expansion of unsustainable coastal aquaculture.
Increasing economic inequality undermines

social resilience but remittances and economic
diversification are beneficial for resilience (Adger et al.

9 Guatemala, Peru, Ghana, Tanzania, Bangladesh, India, Thailand
and Viet Nam.

Natural resources, displacement and migration

2002). Meanwhile, international competition for highly
skilled workers helps to accelerate the brain drain
effect, which can further undermine development
prospects in communities of origin (Schaeffer 2017).

2.4.5 Impacts on communities of destination

One lesser explored aspect in the resource-migration
nexus is the impact on communities of destination.
Migrants are also a resource for communities of
destination: a labour resource, but also a resource

for national and international connection, bringing
with them skills, knowledge and technology. In other
words, social remittances go both ways (Mazzucato
2017). Schaeffer (2017, p. 300) notes that large
incoming population movements, be they migrants or
people displaced by environmental stressors, can also
have a significant impact on resources in destination
communities — often disrupting and changing the
“inherited order of things”. This is the case both in
higher and lower income countries. In fact, migration
is becoming a major driver of demographic change in
advanced industrialized countries where birth rates
have plummeted, and the domestic population looks
likely to shrink in coming decades.

However, in-migration can also put pressure on local
natural resources, particularly when governance
systems are weakened or fragile. Bryceson and
Massinga (2002) describe how, in the Mecufi district
of northern Mozambique, in-migration of people to
coastal areas following the civil war increased the
strain on coastal resources and introduced new
systems of governance that merged with some

of the traditional forms of resource management.
In-migration in Ethiopia has been linked to land
degradation in destination regions (Hermans-
Neumann et al. 2017). Indeed, experience shows
that managing in-migration can be a challenge at all
scales. Owen and Kemp (2017) describe how many
extractive companies lack the social management
structures to deal with resource rush in-migration to
large commercial mining sites.

These three areas of impact can help answer the
guestion of who adaptation is for, by highlighting that
migration may be beneficial for some, but not for
others (Gemenne and Blocher 2017). Nonetheless,
from a systems approach, impacts on migrants,
communities of origin and destination must be seen
collectively as they interact rather than in isolation.
In terms of resources, the depletion or overuse

of resources at destination may stimulate further
migration, while successful migration can allow
family members to stay in communities of origin
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by decreasing their dependence on local natural
resources or enabling non-migrants to invest in
infrastructure such as irrigation systems. lll-equipped
or underprepared destination areas may limit the
adaptive potential of migration and sustainable
development by hindering migrants’ ability to secure
and send remittances, as well as to improve their own
well-being.

Black et al. (2011) challenge the conventional
narratives that place migration in a negative light,
arguing instead that migration offers opportunities as
well as challenges. They note that the greatest risks
are borne by those who are unable or unwilling to
move, and that those people may become even more
vulnerable if politicians impose restrictive policies
designed to stop migration. According to McLeman et
al. (2016) and de Haas (2010b), there is no consensus
on whether environmentally induced migration is
desirable or undesirable, and the empirical evidence
does not support a completely positive or negative
assessment of the impacts of migration. This study
adopts a socioecological system approach and
understanding, which focuses on complexity and
adaptation in order to reframe human and ecological
factors in a process of coevolution, whereby mobility
can be an important indicator of stress or positive
adaptation.

2.5 Integrative lessons

Most experts expect environmentally induced
migration to grow in the coming decades as a

result of climate change and global demographic
patterns (McLeman et al. 2016; Rigaud et al. 2018).
However, there is no certainty about the scale of

the increase in such movements (McLeman et al.
2016). The various above-mentioned links between
resources and migration underline the importance of
understanding the unique context and circumstances
of each case (Rigaud et al. 2018). Black, Kniveton
and Schmidt-Verkerk (2013) note that the push and

pull factors may apply in one circumstance but not
elsewhere. The focus on local context and individual
cases over multi-case and comparative studies has
prevented the development of global narratives on the
links between natural resources and human mobility
(Gemenne 2018). Hunter et al. (2015) argue that the
research agenda should move beyond linear theories
of environmental push or economic pull towards a
greater appreciation of context at all levels.

In the meantime, the implementation of effective
policy responses to environmentally induced
migration and displacement has been limited by four
interlinked issues that have sapped international
political will to find commensurate solutions. These
are: the absence of a recognized definition of the
phenomenon; disagreement over the number of
people affected; legal issues surrounding people’s
rights within the international system; and challenges
in providing services to people displaced internally and
across borders (Assan and Rosenfeld 2012; McAdam
20176).

Resources, and current systems of resource
governance, access and benefit sharing, underpin
many of the dynamics of so-called “environmentally
induced migration”, and also what has been called
“‘economic migration”. The relationships among
resources, migration and displacement are complex.
De Haas (2010) argues that migration needs to

be conceptualized as part of wider development
challenges, rather than as a stand-alone issue that
needs to be solved.

Issova et al. (2020) argue that seeing environmentally
induced migration through the prism of the United
Nations Sustainable Development Goals (SDGs)
provides the sort of interdisciplinary, comprehensive
approach that enables a balanced view of the impacts
of migration. Tacoli (2009) argued that policymakers
need to shift their perspective away from seeing
migration as a purely negative phenomenon. It is
important to better understand how migration will
affect and interact with other social trends such as the
growth of cities, the co-existence of cultures and the
formation of poverty traps (Black et al. 2011; Oliver-
Smith 2012).

Researchers have proposed numerous policy
responses. Natural resource management systems
need to be able to deal with different temporal, social
and spatial aspects; nested hierarchies; and the
multidimensional properties of a dynamic system
(Rammel et al. 2007). Edes and Gemenne (2015)
suggest that climate-proofing infrastructure should



be a policy priority, particularly in Asia and the Pacific,
to build resilience for communities vulnerable to
disaster-related displacement. New governance
mechanisms are needed to deal with complexity and
uncertainty (Warner 2010). Different forms of adaptive
governance (Folke et al. 2005) polycentric governance
(Ostrom 2010) and multi-level governance (Termeer
et al. 2010) are proposed to help understand the
dynamic complexity of environmental governance in

a way that includes natural resources and mobility.
Although common property resources can create
community resilience in terms of shared capacity

to adapt, extensive degradation of the resource

can still lead to involuntary displacement of these
communities, as demonstrated by extensive research,
particularly in India (Chopra and Gulati 2001; Mahanta
and Das 2013).

Resource management systems might
hold the key to drawing some of the
political poison out of contested views
of migration and displacement and
maximizing its benefits

Resource management systems might hold the key to
drawing some of the political poison out of contested
views of migration and displacement and maximizing
its benefits. However, appropriate policy responses
require these relationships to be better understood.
There remains a lack of understanding around how
different resource-related policies and programme
initiatives influence the potential for migration and
displacement, and what best practices should be
profiled and mainstreamed (McLeman et al. 2016).

The governance challenge inherent in tackling
environmentally induced migration is twofold:

there are relevant actors at the local, national and
international levels, and there is also a horizontal
fragmentation as the phenomenon is rarely dealt with
separately but is addressed by multiple initiatives

in different ways (McAdam 2009). Gemenne et al.
(2017) note that putting in place mechanisms and
structures for migrants and IDPs are necessary
steps to attenuate future risks. They argued that
regional authorities must work together to strengthen
the resilience of communities of origin, as well as
facilitating migration as a form of adaptation.
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Ultimately policymakers need to
address both sides of the environment-
migration nexus: on the one hand, by
implementing adaptation strategies
that allow people to remain in place
and, on the other, by identifying
migration and relocation strategies that
protect people’s lives and livelihoods in
places where they are unable to stay

Ultimately policymakers need to address both sides of
the environment-migration nexus: on the one hand, by
implementing adaptation strategies that allow people
to remain in place and, on the other, by identifying
migration and relocation strategies that protect
people’s lives and livelihoods in places where they are
unable to stay (Martin 2012).
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Key messages

1. International spatial patterns of natural

resource demand are determined by
international and internal migrant flows

and by supply chain linkages between
places of resource extraction and end use.
International migrant flows show some links
with natural resource availability (although
the examples involved are very context
specific).

2. Globally, the top 200 recent hydropower

developments (2000-2018) are estimated

to have displaced between 900,000 and 2
million people and induced substantial land-
use change since the start of the century.
While new hydropower infrastructure is
typically developed in remote areas, a large
number of current and expected projects will
probably displace large numbers of people
globally.

. Refugees often have little agency in selecting
the camp’s location or in immediately
accessing surrounding natural resources.
Refugee camp establishment is associated
with rapid land-use changes. In contrast,
activities by camp inhabitants (such as
fuelwood gathering and subsistence
farming) often constitute productive land
use around and within the camp (where
access and use are permitted). It is critical
for research and effective policy formulation
to consider the impacts of socioeconomic
vulnerability, freedom of movement and host
community relations on natural resource
access and dependence for refugee camps.

. Resource rushes are often accompanied by
relatively discrete inwards mobility events
and abrupt land-use changes for settlement
establishment and mineral extraction. Under
current resource extraction pathways,

such rushes are typically characterized

by trade-offs between improved
socioeconomic outcomes for migrants (and
local communities more generally), and
widespread environmental externalities.

Mapping displacement, mobility and natural resource use

3.1 Introduction

Human movements occur along a space-time
continuum involving a range of distances; seasonal
movements in the form of temporary or permanent
international moves; and fractured and non-linear
journeys within and outside countries of origin (Amrith
2027). The distinction between migrants and refugees
to categorize the conditions and needs of cross-
border journeys has been criticized for reinforcing
exclusion and limiting understanding of migration
processes (Crawley and Skleparis 2018).

In terms of the complex ways in which environmental
change could trigger mobility processes, and

how relocation might drive resource exploitation

and degradation, data gaps are making it more
difficult to carry out global assessments of the
relevant phenomena. Consistently collected and
comprehensive migration datasets are limited and
often lack detailed information about movement
trajectories to link places of origin and destination.
Assessing environmental change at a global level
requires selecting effective environmental responses
and explanatory variables. However, the local
heterogeneity of ecological systems and migration
patterns further complicates global analyses. There
is a need for innovative approaches in mapping
international migration and understanding potential
mechanisms tied to resource exploitation and
degradation. Remotely sensed datasets and other
georeferenced information are key in identifying
spatiotemporal environmental changes in terms of
mobility origin or destination points and corridors.
Collaborative efforts between governments,
humanitarian and academic institutions tracking and
mapping movement can be a good starting point for
building databases for openly accessible information
on changing trends. The use of social big data by
digitally tracing mobile phone use and online social
networks has also been proposed for use alongside
traditional census datasets to improve understanding
of global migration patterns (Sirbu et al. 2020). The
regular collection of multi-modal data will therefore
be critical for developing a holistic understanding of
the connections between natural resource use and
migration.

This report focuses on the natural resource-mobility
nexus and explores the dynamic relationship between
environmental drivers, resource exploitation, human
mobility patterns and associated environmental
change. The influx of migrants and refugees at
destination sites can increase demand for food,
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water, productive land and stimulate labour markets.
Increased pressure on resources can alienate

new arrivals and ruin their chances of establishing
sustainable livelihoods. This isolation can leave
incoming people vulnerable, essentially displacing
them in place. At the same time, population increase
may be associated with positive socioeconomic
outcomes from a more productive, flexible labour
market — provided that the workforce is skilled and
a good fit for the host economy. Research has also
shown that businesses may benefit from increased
labour supply. In rural settlements where households
tend to make additional income selling agricultural
surpluses, increased demand for produce may
improve household welfare (Alix-Garcia and Saah
2010).

Spatial datasets of land use and land cover, satellite
imagery and georeferenced global datasets of
artisanal mining sites, hydropower dams and refugee
settlements were used to assess the environmental

changes associated with displacement and migration.

The goal of this chapter is to assess the dynamics
of human displacement and land-use changes
attributable to hydroelectric power development,
mineral resource extraction and forced movement
leading to encampment. Location-specific histories,
social dynamics, political crises and economic
changes are considered as compounding factors
of displacement and mobility. The first section of
the chapter examines the relationship between
international mobility and land degradation using
bilateral migration flows and the Sustainable
Development Goal indicator 15.3.1, respectively
(Section 3.2). The second section analyses the
impacts of development-induced displacement on
local ecosystems (in the form of land cover and
population changes) in the wake of hydroelectric
dam reservoir filling (Section 3.3). The third section
explores the environmental impacts of forced
migration events and resource rushes based on case
studies of selected refugee settlements and mineral
rushes (Section 3.4).

3.2 International mobility and natural
resource degradation

As highlighted in Chapter 2, environmental change
and migration are linked because efficient natural
resource use may be a pull factor for human mobility
(labour movement) driven by a complex interaction
of resource access and availability, land use change
and environmental degradation. At the same time,

resource management can act in conjunction with
sociopolitical conditions to further complicate
mobility trends. The success of sustainable natural
resource use largely depends on the effectiveness
of governance mechanisms to regulate and monitor
activities through regional and national policy,
monitoring and regulations on issues such as land
tenure, pollution and degradation.

Sustainable Development Goal (SDG) Indicator
15.3.1, which measures percentage degraded land
with global bilateral flows, is mapped to examine the
relationship between international mobility and land
changes. Subsequently (see Chapter 4), statistical
modelling is used to quantify associations between
international mobility and natural resources. Major
migrant flows (>50,000 people) are observed in

and among all world regions (Figure 5). Countries
experiencing large net outwards movement (such
as India, China, Mexico and Nigeria) also appear to
have high fractions of degraded land (Figure 5). This
pattern is probably at least partially explained by the
greater capacity of populous nations to produce large
numbers of migrants, as well as the potential for
more intensive domestic resource demand in highly
populated nations. However, it may also suggest a
more direct linkage between natural resource use
and international movement, whereby there may

be an observable influence of resource degradation
on human mobility at the global scale. This is
quantitatively investigated in Chapter 4.

In 2015, the destination of most international
migrants was within their continent of origin, except
for Oceania, where 56% of the outwards flow of
people are destined for Asia (Figure 6). In Africa and
Asia, 76% and 75% respectively of migrant flows
were retained continentally. This indicates that
intercontinental differences considered in the run-up
to mobility decisions may be limiting movement
beyond the continent of origin. Asia and Europe
were the most mobile regions in 2015, with over 30
million and 20 million people, respectively, moving
from and within each region. Intercontinental flows
were significant in Europe and the Americas, which
received 14 million and 9 million people from other
continents. There is a need for yearly series datasets
of mobility flows that might reveal long-term trends,
convergences and regions of stability or volatility.
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Figure 5. Global bilateral mobility flows for 2015, based on Abel and Sander (2014) and Azose and Raftery (2018). Flows
greater than 50,000 people are shown. Sustainable Development Goal 15, indicator 3.1 - the percentage of degraded land,
is mapped. This includes subindicators of land productivity, land use, land cover change and carbon stock above and below
ground for 2015. Degraded land is based on changes in land cover, productivity and carbon stocks relative to the baseline year
(2000), and is where there is a negative change relative to previous conditions. Countries shown in white have unreported data

for SDG Indicator 15.3.1. More information on the data can be found in Appendix 8.1.2 A.

3.3 Displacement due to hydroelectric
power infrastructure

Hydropower, the largest global source of renewable
energy, accounts for about 20% of all electricity
generated worldwide, and is used in more than

150 countries (World Bank 2000). In addition to
power generation, most hydropower facilities are
multifunctional, serving as flood controls, irrigation
and water supply schemes and supporting shipping
and navigation (Global Reservoir and Dam Database
[GRanD] 2018). Hydropower development is the type
of large-scale infrastructure investment that is often
commissioned as a way of improving livelihoods,
economic performance and national security. As a
renewable energy source, hydropower dams offer

a climate-friendly alternative to fuelwood and coal
power generation. Hydropower is also a far less
intermittent electricity source than solar, wind and
tidal power because of its location in large perennial
hydrological systems. Despite providing a better
alternative to fossil fuel powered plants, hydropower
infrastructure may be a significant source of
greenhouse gas emissions (St. Louis et al. 2000;
Demarty and Bastien 2011). Studies conducted in
low latitudes have found that tropical dam reservoirs
trap large amounts of organic matter, which then
releases carbon dioxide (CO,) and methane (CH,)
during bacterial decomposition (ibid.). Damming
rivers can also negatively impact the quality and
access to natural resources, with social and livelihood
implications for riparian communities.
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Figure 6. International mobility flows for 2015, based on Abel and Cohen (2019). The flows represent an estimated 95.8 million
total international migrants. Units are in millions of people. Arrows are coloured based on the continent of origin and point
toward the destination continent. Arrow heads correspond to the volume of movement. This figure shows that most migrations
take place within continents and that, for inter-continental movement, Asia was the source for most migrations, and Europe the

destination.

Studies have shown that large dams, which were
constructed across the world in the twentieth century
and beyond, impose multipronged impacts on
biodiversity and change the hydrological regimes by
altering the rivers’ natural hydrograph, sediment and
nutrient transfer and freshwater species diversity

as a result (Fantin-Cruz et al. 2015; Latrubesse et

al. 2017). Despite this, there is renewed demand for
large hydropower infrastructure, as well as significant
criticism over the socioecological implications

of construction, reservoir filling and river basin
modifications. A major cause of disenfranchisement
among riparian communities near dammed rivers

is their physical displacement in preparation for
reservoir filling. Between 40 and 80 million people
have been displaced by dams worldwide, and 10.2
million of these related to dam construction in China

alone between 1950 and 1990 (World Commission on
Dams 2000). Programmes to support the sustainable
relocation of displaced communities vary widely in
their comprehensiveness and efficacy (Side box 3).

The purpose of this section is to assess human
displacement and land-use change driven by the
construction and reservoir filling of recent hydropower
projects (2000-2018). This time period was selected
due to the availability of land cover imagery from the
European Space Agency’s Climate Change Initiative
data archives (Bontemps et al. 2013). In addition, the
final report from the World Commission on Dams
evaluating the World Bank Group’s financing of large
hydropower dams was released in 2000, and there
have been no comprehensive studies assessing the
social and environmental impacts of large dams
since then. This section quantifies the populations



who were at risk of displacement from hydropower
dam construction and filling between 2000 and 2018
by comparing population changes before and after
dam filling. The migration implications of upstream
dam establishment for transboundary water bodies
are also briefly explored. Besides displacement,
ecological changes resulting from hydropower dam
construction are examined by quantifying land-use
changes associated with dam building and reservoir
filling. Hydropower displacement presents a unique
case study of displacement, resettlement and local
livelihood changes to accommodate infrastructure
development that addresses national and global
energy demands using non-carbon energy sources.

Hydropower displacement presents a
unique case study of displacement,
resettlement and local livelihood
changes to accommodate
infrastructure development that
addresses national and global energy
demands using non-carbon energy
sources

3.3.1 Displacement and land cover change due to
hydroelectric dam construction

A map of all hydroelectric dams constructed
between 2000 and 2018 shows three hotspots:
China, Turkey and Brazil (Figure 7). A stacked area
chart highlighted Asia’s significant share of dams
constructed during this period (largely attributable to
increased hydropower development in China), with
South America and Europe holding second and third
positions.’ Dam construction gained momentum
between 2005 and 2014 (Figure 8A). After selecting
279 hydroelectric dams constructed between

2000 and 2018 from the Global Reservoir and Dam
Database version 1.3 (2019), all dam points were
combined with associated reservoirs, land cover maps
and population datasets (Dobson et al. 2000; Center
for International Earth Science Information Network
[CIESIN] 2015) to estimate environmental and human

10 GRanD V1.3,2019. http://globaldamwatch.org/data/#core_
global.
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population changes following dam construction and
reservoir filling (Lehner et al. 2011). The population
at risk of displacement was estimated by using the
reservoir extent to calculate the total population
residing in the area at the time (Appendix 8.1.1 B).

There was a 35% increase in the size of water bodies
at dam locations between 2000 and 2018, which is
probably attributable to reservoir filling for electricity
generation. During the same time, an 18% decrease in
tree cover was estimated as a likely result of reservoir
clearance and filling (Figure 8B). China’s Three Gorges
Dam, Brazil's Luis Eduardo Dam and Ethiopia’s Gilgel
Gibe Ill Dam stand out in terms of visible population
changes around dam reservoirs between 2000 and
2020. However, only the Three Gorges Dam showed a
decrease in population.

There was a 35% increase in the

size of water bodies at dam locations
between 2000 and 2018, which is
probably attributable to reservoir filling
for electricity generation.
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Hydroelectric dams constructed between 2000 and 2017
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Figure 7. Global distribution of major hydroelectric dams constructed between 2000-2017. Republic of Tirkiye, China and
Brazil have a high number of dams

Figure 8. Trends in dam construction and associated land-use change. A stacked area chart showing cumulative hydroelectric
dam construction by continent between 2000 and 2017 (A) and estimated land-cover changes in the reservoir areas of all
selected dams (B)
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Figure 9. A box-plot distribution of dams categorized by continental location and reservoir area. Dams selected from the
outliers. Ethiopia’s Grand Ethiopian Renaissance Dam represents Africa, while the Three Gorges Dam in China represents Asia

and Eastmain-1 in Canada represents North America

3.3.2 Case studies

Case studies were selected by a geographical
categorization of dams by continent and also based
on dams with large reservoir coverage (Figure 9).

a. Grand Ethiopian Renaissance Dam (GERD) - Ethiopia
(2010-2020)

The Grand Ethiopian Renaissance Dam (GERD) was
completed in 2020 on the Blue Nile River'" near the
border with Sudan. Dam planning and construction
continued amidst political tension with the more arid
Egypt downstream over possible future scenarios of
reduced water shares for Sudan and Egypt. Funding
for the dam came from domestic sponsorship, bond
sales and tax revenue. Costing nearly USS4 billion, the
project is Ethiopia's largest infrastructure investment.
It is expected to take between 5 and 15 years to fully
fill the dam reservoir (1,874 km?) and saddle the dam
(Kumagai 2016). This staggered filling was agreed
upon between Sudan, Egypt and Ethiopia to reduce
flooding and cater to downstream water needs. The
GERD is expected to generate 6000 MW and benefit
the energy-deficient 108 million population in Ethiopia
and neighbouring Sudan. Once fully operational, the

11 The Blue Nile, a tributary of the main Nile River, contributes 80%
of flow to the Nile and originates from the source reservoir Lake
Tana in the north-western Ethiopian highlands.

GERD could increase Ethiopia’s electricity supply by as
much as 150% (Champion and Manek 2019). Colonial
treaties (Article Ill from the Anglo-Ethiopian treaty of
1902 and the 1959 Nile Waters Agreement)'? between
the United Kingdom, Italy, Ethiopia and Anglo-Egyptian
Sudan gave the lower riparian countries more control
over the Nile than Ethiopia. They apportioned the
annual flow of the Nile between Sudan (25%) and
Egypt (75%) only (Ullendorff 1967).

According to estimated land-cover changes from the
European Space Agency (ESA) and Land Use and
Land Cover (LULC) maps between 2000, 2010 and
2018, there was a slight increase in water bodies

as construction neared completion between 2010
and 2018 (Figure 10). At the same time, there was

a 5% decrease in shrubland and tree cover around
the reservoir area. Reports predicted that reservoir
filling would lead to a loss of 1,680 km? of land
composed of 90% forests and woodland cover.
Population datasets from LandScan and the NASA
Socioeconomic Data and Applications Center (SEDAC)
were used to estimate that between 1,985 and 4,421
people previously resided in the reservoir area in 2018
and were put at a high risk of displacement due to
reservoir filling in 2020.

12 Ethiopia was not a signatory of the 1959 Nile Waters
Agreement or the earlier more comprehensive version of the treaty
from 1929.
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Figure 10. The recently completed Grand Ethiopian Renaissance Dam (2020) is expected to take five or more years to be fully
filled. Reportedly, between 5,110 to 20,000 people may have already been displaced from the area. Reservoir filling is expected
to affect the downstream riparian communities in Sudan and Egypt who depend on the Nile for irrigation and fishing

Reports estimate that displaced populations range
from 5,110 to 20,000 (Ahmed and Elsanabary 2015).
The affected population lives in the north-western
state of Benishangul-Gumuz and depends on
agriculture and traditional mining. Indigenous people
of the area are the Berta, Komo, Mao, Shinasha and
Gumuz, who farm inundated grazing fields and fertile
land. Hunting and farming are expected to be severely
affected. Most of those affected are from the Gumuz
minority ethnic group. The Gumuz have previously
been affected by the construction and filling of
Roseires Dam (Veilleux 2013). Project management
has been vague on resettlement plans for the affected
populations. The region has a history of violent ethnic
conflicts, and this forms a turbulent backdrop for
resettlement projects (ibid.).

The filling of GERD's 74 billion m? reservoir is expected
to reduce water flows downstream and impact the
livelihoods of the relevant riparian communities in
Sudan and Egypt. Model simulations have estimated
a 2.8% decrease in water inflow to Egypt due to

the presence of the GERD. Hydroelectric energy
generation in dams downstream, like the High

Aswan Dam (HAD) in Egypt, may also be impacted
(with a 5.2% decline expected). Egypt’s reliance on

the Blue Nile for over 90% of its freshwater needs
raises long-term concerns over water availability, as
large dams like GERD are constructed along the Nile
amidst growing populations across the East African
region (Cascéo 2009). The downstream regions may
also suffer increases in soil salinity and saltwater
intrusion, especially near the Nile Delta in Egypt.
Higher salinity waters in Egypt and Ethiopia might
reduce the availability of drinking water and affect
soil productivity. Increasing rural electrification in
Ethiopia is expected to reduce fuelwood demand and,
in turn, decrease deforestation and erosion-induced
soil degradation. Dams in the lower reaches like
Merowe (Sudan) and High Aswan Dam (Egypt) may
also benefit from reduced sedimentation load and
increased infrastructure lifespan.’ Additional benefits
to GERD construction include drought and flood
management in the lower and upper riparian regions.
Water resource management facilitated by the dam is
likely to be critical as climate change worsens water
insecurity.

13 The Institute of World Politics (2020), Talk by Dr. Moges, https:/
www.youtube.com/watch?v=-afyuql69EOandt=3821s.
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b. Three Gorges Dam - China (1994-2003)

The world's largest hydroelectric dam (with an
installed capacity of 22.5 GW) is the Three Gorges
Dam, which is built on the Yangtze, China's longest
river. It was commissioned in 1994 and cost US$31.8
billion, which was well over the initial budget of
USS$8.3 billion (Gao 2007). A significant motivation

for construction was electricity generation to support
China's growing population and protect the immediate
communities by intercepting and containing
floodwaters from the Yangtze.

A 3% increase in water bodies and a 6% decrease

in rain-fed, mosaic and irrigated croplands were
estimated between 2000 and 2018 (Figure 11). Over
the same period, surrounding grasslands and tree
cover decreased. According to LandScan and SEDAC
gridded population datasets in 2000, between 397,000
and 640,000 people from the inundated reservoir area
were estimated to have been at risk of displacement.
Both population datasets indicate a population
decrease between 2000, 2010 and 2018, with
LandScan showing a decrease in population of almost
50% between 2000 and 2018 (Figure 11).

When the 1,045 km? reservoir area was filled,

it displaced 1.27 million people from 13 major

cities, 140 towns and 326 submerged villages
(Challman 2000). An estimated 80% of the people
were moved to higher slopes, with a likelihood of

low fertility soils, while the others were relocated

to new settlements. The Yangtze River basin has
significance in the historical and archaeological
records of Chinese civilization. The Three Gorges
area filled by the reservoir has a rich archaeological
and cultural heritage from the Neolithic Daxi (ca.
5000-3200 B.C.E.) who had settlements in the area
(Childs-Johnson 2000). In 2000 it was estimated that
the area inundated by the Three Gorges reservoir
contained at least 1,282 cultural heritage sites,
including settlements and cemetery complexes (ibid).
Salvage and preservation efforts led to the successful
relocation of artefacts from the Zhang Fei Temple,
which dates from 220-280 A.D. before the temple site
was flooded (Sutton 2004).

The reservoir inundated 36 different vegetation types
and 550 plant species (Su et al. 2013). Three years
after dam impoundment, Su et al. (2013) found a
significant decrease in terrestrial plant species and

a change in forest composition from trees-shrubs

to forbs-ferns domination, indicating a decline of
long-lived terrestrial plant species. Reservoir filling
increased regional seismicity and geohazards such as
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accelerated landslides and rock avalanches triggered
by slope instability around the dam site (Song et

al. 2018; Tang et al. 2019). Dam construction also
interfered with the freshwater ecosystems of the
Yangtze River, changing migratory patterns, spawning
grounds and nutrient availability in the water column.
Large structures like the Three Gorges Dam may also
have contributed to the endangerment of species
endemic to the Yangtze River waters, such as the
white-flag dolphin and the Chinese paddlefish. Shifts
in hydrological flushing of the river system due to
changes in discharges may also increase salinity

and the occurrence of harmful algal blooms. Despite
these environmental disadvantages, the dam has
also been estimated to have intercepted 18.2 billion
cubic metres of potential floodwater, protecting many
downstream cities and villages from flooding since

it was constructed (Gan 2020). However, due to the
geology and small reservoir area relative to the dam
structure dimensions, the Three Gorges Dam'’s flood
control capabilities might be minimal during severe
floods (ibid.).
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Figure 11. The Three Gorges Dam in China on the Yangtze River was completed in 2003 and is estimated to have displaced
1.27 million people from inundated Yangtze Valley villages. There was an estimated 6% decrease in cropland (rain-fed, mosaic

and irrigated) between 2000 and 2018

c. Eastmain-1, Quebec - Canada (2006-2011)

In 2006, a 480 MW hydroelectric power station was
commissioned on the Eastmain River in the boreal
ecoregion of northern Quebec, Canada. The dam is
part of the La Grande hydroelectric complex, a suite
of dams and reservoir developments in the boreal
environment of Quebec that dammed the Eastmain
and the La Grande rivers before they emptied into
James Bay. Eastmain-1 is managed by Hydro-
Québec. Canada is the second largest hydroelectric
producer in the world after China (2019). In 2002, the
Cree communities indigenous to the area entered
into a revenue-sharing agreement with the provincial
government of Quebec detailing socioenvironmental
and economic contributions of hydroelectric

development projects to the immediate communities.

The agreement gives the indigenous communities
more control over their economy, increased
employment opportunities with Hydro-Québec and
cash payments for community developments.

This report estimates that there was a 73% increase
in water bodies between 2000 and 2018 as the

Eastmain reservoir was filled in 2011 (Figure 12).
Dam completion and operation were accompanied
by a 56% decrease in needle-leaved evergreen tree
cover. Population datasets show that the reservoir
area had no human occupation between 2000 and
2018. However, while the area was not permanently
occupied, it might have served as a seasonal hotspot
for the Cree’'s main livelihood activities of hunting,
fishing and trapping — which traditionally required a
large territory. The La Grande Complex affected the
hunting grounds of four of the nine Cree communities
around James Bay (Senécal and Egré 1999).

The Eastmain River flows through the territories of the
indigenous Cree hunter communities that reside in
northern Quebec. While reservoir filling did not result
in significant human displacement, changes in the
hydrology of the lake and river affected the livelihoods
of Cree hunters, beaver trappers and fishers (Peloguin
and Berkes 2009). Old hunting grounds were
inundated, geese migration patterns changed and the
lake sturgeon populations were affected by spawning
locations downstream. While there are no reported
cases of displacement or resettlement due to the
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Figure 12. Although Eastmain-1 in Canada had no reported statistics of displaced or resettled populations, reservoir filling
inundated 603 km? of wetlands, boreal areas, peatlands and forest.

construction and operation of Eastmain-1A, in other
Hydro-Québec projects, Cree communities in Fort
George were relocated to new villages in Chisasibi due
to the La Grande project causing emotional and social
distress (Radu et al. 2014). Moreover, hydroelectric
power generation in the La Grande and Eastmain
watersheds have affected the traditionally nomadic
lifestyles of the indigenous groups amidst climate
change challenges. Northern Quebec has significant
hydroelectricity generation potential due to its geology
and climate. However, initial damming projects in the
1970s were developed with little consultation with the
indigenous Cree and Inuit communities. Today, Hydro-
Québec has long-standing working relationships

with the region’s First Nations and they have worked
together on community development programmes
and ecological remediation following dam and
reservoir projects.

Reservoir filling inundated peatlands and forests
covering 14.65% of the land, plus lakes and rivers
covering 21% of the flooded area (Bastien et al. 2011).
The reservoir submerged up to 827 lakes with surface
areas of between 100 m? and 10 km? (Tremblay et

al. 2014). The site also had wetlands (bogs, swamps
and marshes) and forest cover characterized by
deciduous and coniferous trees. Lake sturgeon
populations in the downstream region of the river

were affected by changes in spawning grounds (ibid.).
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Side box 3: Dam-induced displacement and
resettlement

Christopher Schulz'* and Jamie Skinner'®

In 2000, the World Commission on Dams estimated
the number of people displaced by dams at 40 to 80
million people globally, compiling secondary data
from government sources and academic research.
China and India are major dam-building nations, and
they alone accounted for between 26 million and 58
million people within the global figures (1950-1990),
with dam-induced displacement representing 34%
of all development-induced displacement in China
in that period (including displacement due to urban
construction) (World Commission on Dams 2000).
These estimates vary widely due to the difficulty

in establishing who counts as a displaced person,
as people displaced by supporting infrastructure
are often overlooked. Residents without officially
recognized land titles may also not be counted. The
numbers of people displaced by dams are frequently
disputed, with governments often providing much
lower figures than non-governmental organizations
(NGOs) (Kirchherr et al. 2019).

Twenty years after the World Commission on Dams,
many social and environmental problems associated
with large dams remain unresolved (Schulz and
Adams 2019), while inadequate compensation and
planning for resettlement following dam-induced
displacement also remain key concerns (Hay et

al. 2019). Future projections suggest that it will

remain an important issue for decades to come,

as many dams are being built for hydroelectric

power production in Asia, Africa, Latin America and
the Balkans. This is often carried out as part of a
transition to renewable energy sources and to mitigate
climate change, although the status of hydropower as
a clean source of energy is disputed. This is because
dam reservoirs, particularly in tropical countries, may
turn into net sources of greenhouse gas emissions
(Deemer et al. 2016). Zarfl et al. (2015) have estimated
the number of hydropower dams under construction
(17%) or planned (83%) at 3,700 globally.

The world's largest hydropower dam, the Three
Gorges Dam on the Yangtze River in China with a
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capacity of 22,500 MW, was completed in 20009,
but has displaced more than 1 million people, with
some estimates for the final total reaching above
5 million people - according to official Chinese
Government sources (Wilmsen et al. 2011). While
other hydropower sites are less densely populated,
resettling affected people and restoring their
livelihoods remain significant challenges.

In many historical hydropower projects, dam-induced
displacement and resettlement were an afterthought.
A site was initially selected for its energy advantages,
and an Environmental Impact Assessment was then
designed to identify and mitigate impacts on people
and ecosystems. This is changing as international
lenders increasingly recognize that leaving resettlers
worse off after a multi-million-dollar dam development
is morally unjustified (see World Commission on
Dams 2000). The most sustainable projects are now
selecting sites in ways that reduce resettlement
requirements from the outset, rather than optimizing
energy outputs while assuming that the social
impacts can be easily managed. Resettlement

has thus become a factor influencing the initial
decision-making process, rather than an impact to be
managed.

The costs of “proper” resettlement continue to grow
and there is little evidence to suggest that even these
levels of investment are sufficient to re-establish

lost livelihoods (Hay et al. 2019). Once a dam is
constructed, the transformation in rural environments
and social structures completely alters the landscape
of natural and agricultural resources or employment
opportunities available to local people. For some, the
alternative is outmigration to urban slums.

Self-determined development pathways for these
groups are therefore uncertain, and require sustained
support from governments and donors alike if they
are to be successful. One innovative approach

is to share benefits from the revenue streams
generated by hydropower with resettled people for
the lifetime of the dam. This has the advantage of
providing sustained, flexible funding over decades to
support livelihood restoration investments for those
affected, according to their own priorities (Skinner
et al. 2014). Community priorities might range from
local employment creation, increased investment

in education and skills training to improved
infrastructure.

In the end, “good” resettlement approaches
displacement as an opportunity for development
and engages all actors such as the State and
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the displacement industry (Wilmsen and Webber
2015). The literature evaluating the challenges

of resettlement and post development-induced
displacement has identified several factors pointing
to a strong relationship between resettlement and
impoverishment: the failure to estimate cost-benefits
that properly reflect the social costs of resettlement;
rigid resettlement planning that erodes human agency
from affected communities; politics of inclusion

and exclusion that might further exacerbate social
inequalities; and unsatisfactory livelihood outcomes
(ibid.).

Large hydropower projects will play an essential

role in the low carbon energy transition, but this
should not be at the expense of the well-being of
rural communities. Given the general lack of success
of the dam industry in properly re-establishing
livelihoods following involuntary displacement, it is
essential to reduce the resettlement footprint of the
next generation of dams. Where resettlement proves
unavoidable, benefits should be shared. Dam-affected
people need to be the first beneficiaries of large dam
development (World Commission on Dams 2000).
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3.4 Environmental impacts of forced
displacement and resource rushes

By the end of 2020, 82.4 million people had been
forcibly displaced by conflict, war and persecution

— the highest recorded number since 1990. While
approximately 78% of the world's refugees live

in urban areas, the remaining 22% live in camps
managed by the host country in conjunction with the
United Nations High Commissioner for Refugees
(UNHCR). Camps expand rapidly with refugee arrivals,
and provide humanitarian relief, critical aid and
essentials of food, water and shelter for refugees
fleeing violence in their home countries. On average,
refugee camps are established in sparsely populated
regions within 50 km of the international border
crossed by refugees (Van Den Hoek et al. 2018). As
of 2018, the median residence within refugee camps
was five years (Devictor 2019). Although designed to
be temporary solutions, many refugee camps operate
in a state of “permanent temporariness” - populated
for years on end but still considered a short-term

fix to forced displacement caused by violence and
persecution (Abourahme and Hilal 2009).

Despite the tendency for host countries to locate
camps in rural areas, UNHCR promotes cities as
viable places for refugees to settle. The 2009 UNHCR
Urban Refugee Policy recognized the high urban
refugee population and their potential to attain
socioeconomic independence with increased access
to jobs and education." In 2014, the recognition of
urban refugees was supplemented by the Policy

on Alternatives to Camps, which encouraged
governments and humanitarian agencies to explore
different ways of building refugee support systems
other than encampments.’® The policy made an
additional case for seeking alternatives to camps,
such as urban placement, in the light of resource
pressures. In urban environments, existing electricity,
water and employment opportunities could more
efficiently accommodate increasing demand than
isolated rural refugee camps.

16 UNHCR Global Trends Report, 2021, https://www.unhcr.org/
flagship-reports/globaltrends/.

17 UNHCR, 2009. Policy on Refugee Protection and Solutions in
Urban Areas.

18 UNHCR, 2014. Policy on Alternatives to Camps. https://www.
unhcr.org/5422b8f09.pdf.
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The 2018 Global Compact on Refugees (GCR) sought
to support countries hosting many refugees through
a call for international and equitable responsibility-
sharing. However, the top-down approach of global
migration governance like the GCR can be restricted
by state governments and local social contracts
that may evolve to address natural resource use
and access. Asylum policies mandated by host
countries affect: refugees’ mobility beyond the
camps, socioeconomic participation, land use and
the likelihood of integrative resettlement. Asylum
policies therefore set the tone for engagement

and integration between local host communities
and refugees. Host governments acting within

their sovereignty may follow a so-called “closed” or
“warehousing” model and wholly restrict refugees
to the camp, thereby denying them access to local
resources and reinforcing greater aid dependency.
Alternatively, the host country may follow an open
model and permit mobility beyond the camp for
livelihoods, education, medical treatment and so forth,
as well as allowing households to cultivate small
pieces of land and harvest fuelwood. Irrespective

of the host government'’s approach, encamped
refugees almost always rely on humanitarian aid to
re-establish their lives. When refugees are placed

in well-designed camps and given access to land
and economic participation opportunities, they can
contribute to the local economy (Alix-Garcia et al.
2018). For example, Uganda's progressive model
that gives refugees the right to work and freedom of
movement is commended for increased integration
between refugee and host communities, as well as
self-sufficiency (Betts et al. 2019).

In some cases, mobility and socioeconomic
restrictions on refugees result in increased

local demands for fuelwood and drinking water.
Environmental concerns associated with refugees’
arrival and long-term presence in camps include
deforestation and unsustainable water consumption.
However, natural resource use around refugee
camps must be assessed with due consideration

for refugees’ vulnerability in camps and their limited
agency over livelihoods and land-use decision-making.
Refugees are often left with no choice but to harvest
fuelwood and clear land to establish a homestead,
leaving a complicated and inconsistent picture of
refugee-driven environmental degradation. Recent
findings across all African refugee camps challenge
the narrative that refugees are disproportionately
destructive, after studies found increased conversion
of forested areas into cropland near refugee camps
(Maystadt et al. 2020). In Lebanon, a study predicted
that rises in refugee populations could contribute to

the increased likelihood of severe water stress (Jaafar
et al. 2020). Previous studies have provided caveats
of possible spillover effects of the increase in Syrian
refugees moving to Jordan and a resulting indirect
contribution to increased transboundary surface
water flows (Mdller et al. 2016). The implications of
expanding refugee camps for surrounding natural
resources include trade-offs between natural
resources and livelihood improvement or increases
in local production against a backdrop of rapid
environmental change.

3.4.1 Case studies

Case studies involved analysis of refugee camps in
Bangladesh, Uganda, Jordan and Colombia. These
countries have recently received considerable refugee
inflows driven by humanitarian and sociopolitical
crises in neighbouring countries of Myanmar,

South Sudan, Syria and the Bolivarian Republic of
Venezuela, respectively. These countries were the
origin (source) countries for two-thirds (13.6 million)
of the global refugee population under UNHCR
protection by the end of 2019.19 For each refugee-
hosting country, place-specific environmental
changes during periods of high refugee inflow were
explored and contextualized in country-specific land-
use policies, while short- and long-term land cover
changes around selected refugee camps were also
analysed. Open satellite data, UNHCR-designated
camp locations, years of camp establishment and
occupation, encamped refugee populations and camp
planning boundaries were used to characterize the
environmental impact of each camp.

a. Kutupalong-Balukhali refugee camp in Bangladesh
(1992-present)

Cox’s Bazar is a low-lying district on the south-eastern
coast of Bangladesh that shares a border with the
Rakhine state of Myanmar. The community has
accommodated Muslim minority Rohingya fleeing
violence and persecution in neighbouring Myanmar
since at least 1977 (Alam 2019). Established in

1992, Kutupalong-Balukhali is the largest official
refugee camp in Cox’s Bazar (Figure 13). It is situated
less than 20 km from the Bangladesh-Myanmar
border and is one of the world's largest and fastest-
growing refugee settlements: between early 2017

and late 2019, the camp population doubled from
approximately 300,000 to 600,000 Rohingya refugees.

19 UNHCR, 2020. Mid-year Trends.
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Figure 13. (A) Location of Kutupalong-Balukhali along with other camps in Cox’s Bazar. The settlement footprint of refugee
camps in Cox's Bazar (B) and Kutupalong-Balukhali Camp in 2019. Settlement footprint data are sourced from the Humanitarian
Data Exchange (humdata.org). The maps focus on the border area between Bangladesh and Myanmar, showing some of the
Rohingya refugee camps and deforestation in recent years; mapped using Google Earth Engine by Hansen et al. (2013). The
grey areas in the bottom maps show buildings, as mapped by the Humanitarian OpenStreetMap Team. Green polygons show

the extent of designated protected areas

Kutupalong-Balukhali and other Rohingya refugee
camps in Cox’s Bazar are particularly vulnerable to
hazards such as landslides, flooding and erosion that
are common during the monsoon season.

A 2018 report from the United Nations Development
Programme (UNDP) on the environmental impacts of
Rohingya refugee arrivals in Bangladesh estimated
that 1,485 hectares of forest cover in Cox's Bazar
had been cleared to make way for the refugee

camps or harvested for fuelwood (Figure 13).2°

The same report highlighted increased risks of
groundwater depletion and contamination, as well as
encroachment into protected areas near the refugee
camp. Other concerns include habitat fragmentation
and endangerment of wildlife, given that camps are
located near protected areas and that elephants roam
nearby (Ashrafi 2020).

20 UNDP Bangladesh and UN WOMEN Bangladesh 2018. Report
on Environmental Impact of Rohingya Influx. Dhaka, Bangladesh.

b. Bidibidi refugee camp in Uganda (2016-present)

Bidibidi is the largest refugee settlement in Uganda,
with 270,000 refugees. The camp was established
in 2016 during large-scale violence in South Sudan
and is located only 40 km across the border into
Uganda (Figure 14). Bidibidi lies on the communally
held and managed land of the Aringa people, with
whom refugees have an informal land agreement
that provides access to land for agricultural
production. The surrounding landscape is dominated
by subsistence agriculture and is characterized by
wooded grasslands and savannah.

Before the arrival of South Sudanese refugees,
Bidibidi was a small village located nearly 500 km
from the capital city of Kampala. Due to limited
employment opportunities, 75% of Bidibidi residents
are unemployed and dependent on subsistence
agriculture. Under Uganda'’s self-reliance strategy for
refugees, refugee households are allocated a 900 m?
plot of land and given food and aid packages until
they are deemed self-sufficient. Although Uganda has
a more progressive refugee resettlement plan than
other countries, there are concerns that refugees in
Uganda are still not given the opportunity to choose
where to settle and how best to support themselves.


http://humdata.org
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Figure 14. Bidibidi camp zone (light green) and location relative to protected areas (dark green), major roads and nearby
Ugandan UNHCR camps such as Imvepi and Gobolo camps shown in orange.

Refugee and host community households use
fuelwood daily to prepare meals, boil water and
generate heat. According to a report by the Joint
Environment Unit of the United Nations Environment
Programme (UNEP) and the United Nations Office for
the Coordination of Humanitarian Affairs (OCHA). , in
the absence of comprehensive reforestation initiatives
and provision of alternative energy sources, complete
deforestation within the settlement is expected by
2022 (George and Dearden 2019). Fuelwood collection
has become a contentious issue between refugee

and host communities who all must travel further to
gather fuelwood (Dawa 2018). However there is a
promising collaboration involving host communities
and refugees to carry out participatory mapping
exercises that reveal the distribution of different fuel
and medicinal plant harvesting patterns (see the
humanitarian mapping project for Bidibidi using UNEP
geospatial data platform-MAPX).

Bidibidi s refugees also depend on groundwater
collected through deep boreholes. At the end of 2017,
the water needs of the camp’s 285,969 refugees were
met as follows: 30% from hand pumps, 43% from
motorized pump systems and 27% from water trucks
(Bassi et al. 2018). Bidibidi and the neighbouring
Imvepi refugee camp administrators have been
working to phase out the use of water trucks, which
are costly for local groundwater sources. However,
the Bidibidi resettlement is in a “low groundwater
potential” zone, with a high risk of local aquifer
depletion if boreholes are not well placed and
managed (ibid.)


https://app.mapx.org/static.html?views=MX-U9VQK-BP68F-6TQTL&zoomToViews=true&language=en&
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Figure 15. Location of Zaatari refugee camp and nearby dependence on groundwater resources for irrigation

c. Zaatari refugee camp in Jordan (2012-present)

Zaatari was established in July 2012 to accommodate
a surge in Syrian refugees fleeing violence and
oppression, and has been one of the world's largest
Syrian refugee camps ever since. The Hashemite
Kingdom of Jordan allocated 5.4 km? of unused land
for the camp. It worked in partnership with UNHCR
and 50 other UN agencies such as the United Nations
Children’s Fund (UNICEF) and the United Nations
Population Fund (UNFPA) to prepare the camp in a
matter of days. The camp is less than 16 km from

the Syrian border and was initially designed to host
approximately 22,000 people (Figure 15). By 2013,
however, Zaatari housed over 200,000 Syrian refugees
— making it the one of the largest refugee camps in
the world. As of January 2021, UNHCR estimated that
Zaatari was home to 78,800 refugees (with over 50%
of inhabitants under 17 years old).

Mobility is limited, as refugees require a permit to
leave the camp. Some camp residents compete for
low-paying farm jobs with Pakistani and Egyptian

immigrants in nearby groundwater-irrigated olive
farms. These farms exploit the increased availability
of low-wage labour provided by refugees (Al Naber
and Molle 2017). The refugees who secure short-term
employment in local farms are thus victims and are
not responsible for the increased pressure on local
water sources.

Zaatari is a desert camp in one of the world’'s most
water-poor countries. Overall, Jordan extracts
groundwater at twice the rate at which aquifers
recharge (Whitman 2019). Drinking water is provided
to Zaatari residents from the nearby Azraq and Zarga
groundwater reservoirs and routinely supplemented
with bulk water trucking. In 2013, UNICEF trucked in
15.7 million litres of water per day to Zaatari (Ledwith
2014). With continued occupation amidst pervasive
water scarcity, groundwater depletion is a major
environmental concern in Zaatari and the surrounding
region (Figure 15). Furthermore, climate change-
induced aridity may exacerbate water scarcity in the
area.
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In 2012, electricity for street lighting in Zaatari was
provided by the Jordanian government through

the Irbid District Electricity Company. In 2017, an
additional power supply to residents was made
possible by the largest solar plant (12.9 megawatts)
built in a refugee camp (Hashem 2017). The project
provided employment opportunities, reduced risk from
illegal grid connections and is a renewable energy
source for the camp and the host community.

d. Maicao refugee crisis in Colombia (2014-present)

Unlike the cases discussed above of forced migration
caused by conflicts and persecution, the influx of
Venezuelans into Colombia has been driven by
economic collapse connected to an overdependence
on oil and worsened by a global health crisis. When oil
prices crashed in 2014, the economy of the Bolivarian
Republic of Venezuela was subjected to increases

in national debts, hyperinflation and compromised
democracy. By 2018, an estimated 87% of Venezuelan
households were on or below the poverty line. This
drove over 4.5 million people to leave their homes for
Chile, Colombia and Brazil between 2014 and 2020
(UNHCR). Despite the driving factors of migration
being different, the case of Venezuela highlights

the lack of protection for economic migrants

and illustrates the limitations of adopting binary
categorizations of forced migration and economic
migration.

Colombia currently hosts the largest number of
displaced Venezuelans. The border between these
two countries has been permeable due to historically
friendly bilateral relations and sociocultural proximity
(Roth 2019). In the border province of La Guajira,
Venezuelan refugees now make up 20% of Maicao's
population. Maicao is home to Colombia’s first refugee
assistance centre, which was set up in 2019. Although
the host communities in Colombia-Venezuela border
towns are actively involved in addressing the crisis,
they operate with limited resources. The centre in
Maicao has fewer amenities, smaller capacity (only
350 people) and supports much shorter stays (one
month) than a traditional refugee camp.?’ As a

result, many Venezuelans are housed as a result of
grassroots responses led by local non-profits, families
and churches.

21 UNHCR, 2019. UNHCR opens reception centre near Colombian
border to assist vulnerable Venezuelans, https://www.unhcr.org/
en-us/news/briefing.

Maicao is in one of the poorest provinces in Colombia,
with high unemployment and poverty rates. The arrival
of Venezuelan refugees has only exacerbated already
declining socioeconomic conditions. Maicao is also
resource-scarce, with high water and food insecurity
due to its location in the middle Guajira drylands.
Ecosystems are characterized by some grasslands,
shrublands and agricultural activity. The province

is prone to drought conditions triggered by El Nifio
shifts. In 2012 and 2016, drought conditions coincided
with the rise in Venezuelan migrant populations in La
Guajira, yet limited research has been carried out into
the impact on natural resources.

3.4.2 The environmental impacts of resource-driven
rushes and artisanal mining

Although estimates vary, there are estimated to be
100 million people directly and indirectly engaged in
artisanal and small-scale mining (ASM) in over 80
countries (Jennings 1999). Most of these countries
are low-income nations in Sub-Saharan Africa,
South America, Oceania and Asia. In many of these
countries, ASM is a long-established craft that
predates European contact and colonialism. In the
Akan region of Ghana, for instance, traditional gold
mining was used for the kingdom of Akan (Ofosu-
Mensah 2010). Today, ASM is estimated to account
for 80% of global sapphire, 20% of gold mining and
up to 20% of diamond extraction. This form of mining
has become linked to global mineral commodity
markets. This kind of extraction is heavily criticized
for environmental degradation, linkages to smuggling,
labour trafficking, money laundering and greater
negative social and ecological externalities. Despite
this, ASM has been established as a poverty-driven
livelihood strategy that attracts a labour force willing
to work under hazardous conditions to supplement
low incomes. In developing countries, diminishing
agricultural productivity and poverty have been
identified as drivers that push the rural labour force
into ASM (Hilson and Garforth 2012).

The environmental impact of ASM is associated

with pollution and large-scale deforestation that turn
productive and previously intact landscapes into
wastelands. Gold mining using ASM is notoriously
linked to mercury emission, with negative impacts
on public health and food systems. An estimated
one-third of all mercury emissions worldwide are
generated by ASM (Telmer 2008). In the case studies
below, we explore the environmental impacts of ASM
gold mining in Tarkwa, Ghana and Peru (Madre de
Dios) to highlight the impacts on land use. A literature
review will then consider public health and river


https://www.unhcr.org/en-us/news/briefing
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pollution associated with heavy metal contamination
from the mines. Alluvial gemstone mining as in
Madagascar’s sapphire rush towns attracts artisanal
and small-scale miners. The geographic location of
mineral and gemstone deposits close to protected
lands and farmlands is noteworthy (see Figures

18 and 19 below) and illustrates potential land-use
conflicts.

The environmental impacts of artisanal and small-
scale mining at the local level of rush towns and
intense mining activity are examined. A combination
of land cover, satellite imagery and georeferenced
datasets of mineral and gemstone deposits is used to
map environmental change around gold rush towns
in Peru and Ghana, large-scale gold mining activity

in Papua New Guinea and sapphire rush towns in
Madagascar. Changes in night-time lights activity
(Levin et al. 2020) are examined to highlight changes
in economic activity, development and population
associated with the expansion of mining (despite

the fact that night-time light activity may not provide
sufficient information on specific migrant groups such
as ASM miners) (Kyba et al. 2019).

Case studies are organized by contextualizing
resource extraction in historical trends and drivers and
then examining the environmental setting with a focus
on biodiversity and ecosystem services. The third and
fourth cases assess the social and ecological impacts
of ASM in rush towns, emphasizing changes in forest
cover, pollution externalities on rivers, soils and

public health. While the net environmental impacts of
ASM indicate a destructive industry, socioeconomic
outcomes in terms of employment opportunities

and higher income streams suggest positive links

to poverty reduction and improved livelihoods. Case
studies therefore also consider the positive outcomes
of ASM.

a. Sapphire rushes in llakaka, Madagascar

The alluvial deposits of llakaka in southern
Madagascar are among the largest reserves of
high-quality sapphire in the world (Figure 16a).
Madagascar accounted for about 50% of the world's
sapphires in 2002 and continues to maintain that
share as the world’s leading producer of sapphire
(Shigley et al. 2010). Sapphires are used for jewellery
production and can be used industrially in solar cells
and semiconductors. The gems tend to be small. This
makes extraction and sorting difficult and increases
the likelihood of their being smuggled across borders
(Ferry et al. 2020). An estimated USS$100 billion to 200
billion is lost every year to smuggling. Many Malagasy-
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sourced sapphires enter the global market through
Thailand and Sri Lanka, where polishing and cutting
are carried out.

Alluvial gemstones like sapphire are well suited to
small-scale and artisanal mining. This is because
extraction is easier than with metallic mineral
deposits, which tend to lie deeper, and the ASM
market for such stones has low barriers to entry.
Easy mining and informal markets drove the rapid
population increase of llakaka following the discovery
of sapphires in the late 1990s. Between 1998 and
2000, the town'’s population grew from 30,000 to
100,000 as it attracted many migrant miners from
northern Madagascar where earlier rushes were
slowing down (Laurs 2003). In 2019, an estimated
112,500 migrants still lived in the mining district of
llakaka-Sakaraha (Canavesio and Pardieu 2019).

In the last 22 years (1998-2020), Madagascar has
had several gem rushes of artisanal miners moving
between districts and cities attracted by new sapphire
deposits. However, most of these movements are
poorly documented.

Madagascar is one of the most ecologically diverse
regions globally, with 25% of the world’s primates

and 4% of the world’s plants, many of which are
endemic to the island and endangered (according to
WWEF). Artisanal gemstone mining activity is carried
out near protected lands, critical ecosystems and
conservation reserves with potential encroachment
and degradation risks (Figure 16b) (Cardiff and
Andriamanalina 2007). In llakaka, mining takes place
along the river, 14 km away from the National Park of
Isalo. Surface and subsurface blue sapphire mining
have been linked to environmental problems including
deforestation, gully erosion and sedimentation of
rivers and streams due to gemstone washing. The
extraction of gemstones from secondary alluvial
terraces might also compromise slopes and
permanently scar the landscape due to trenching and
hole digging. However, there has been minimal habitat
damage in land cover due to limited forest cover

as grassland savannahs dominate the area (Cook

and Healy 2012). The town of Illakaka has expanded
alongside increased mining activity in the area.
Satellite imagery from between 1997 and 2021 shows
increases in built-up areas along the river as outlined
in black in Figure 16c-e. At the same time, there has
been an increase in mining activity on the eastern side
of town, as outlined in red in Figure 16f, (based on
satellite imagery captured in 2021).
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Figure 16. (a) Global distribution of gem mining (purple circles; Floter et al. 2007); (b) Gem mining in Madagascar (protected
areas shown in green); the location of llakaka is shown by a small red point in the south of Madagascar; (c) Landsat image,
11 January 1997, llakaka River, before the beginning of mining; (d) Landsat image, 8 February 1999, llakaka River; note the
starting of mining operations along the river; (e) Landsat image, 2 May 2020, llakaka River; (f) Planet Labs image, 23 January
2021, llakaka. The black denotes the residential area, and the red polygon marks parts of the mining area, as mapped on
OpenStreetMap. The green line indicates protected areas. All satellite images as false composite images, red hues indicate
green vegetation. 8 February 1999, Illakaka River



b. Gold mining rushes in Tarkwa, Ghana

Ghana was known as the Gold Coast prior to its
independence in 1957. In 2018, Ghana overtook South
Africa as Africa’s largest producer of gold (Botchwey
and Crawford 2019). Artisanal and small-scale mining
accounted for 35% of Ghana'’s total gold production in
2014 and produced almost 1.5 million ounces of gold,
while supporting an estimated one million people with
employment opportunities. Participation in small-
scale mining is poverty driven and attracts a range of
low-skilled men, women and young people seeking

to supplement low incomes. However, gold mining
operations have brought negative environmental

and socioeconomic impacts despite the sector’s
contribution to labour and poverty reduction. Artisanal
mining operations can become poverty and pollution
traps.

Wassa West District (WWD) in south-west Ghana

is the country’s oldest and most intensively mined
district due to its rich gold deposits (Figure 17a-b).
The district is categorized under the Eastern
Guinean Forest ecoregion dominated by evergreen
rainforest vegetation. Gold mining activity in WWD
is concentrated around Tarkwa, the largest and
oldest mining concession (11,400 ha), and mining
occurs at two different scales. It can be small-scale,
with artisanal miners, traditionally referred to as the
galamsey, accessing gold through hand-dug pits

or river panning. On the other hand, there is large-
scale mining operated by companies with ties to
international market and leases granting them access
to large tracts of land. Goldfields Ltd operates the
Tarkwa concession.

Mining concessions in WWD and Tarkwa near
farmlands and protected areas have complicated
land-use issues and trade-offs related to likely
encroachment from competing users (Figures

19 e and f). As shown below, the expansion of
Tarkwa mining between 1986-2020 shows newer
built areas approaching the borders of protected
areas (Figure 17 g-h). Large-scale surface mining
removes primary vegetation and topsoil critical
for agriculture. As a result of digging and washing,
rivers often become polluted by sediment and
mercury from artisanal mining activity. Artisanal
mining activity is estimated to release 5 tonnes of
toxic mercury emissions every year. Miners also
face an occupational hazards through exposure to
this carcinogen. For instance, small-scale Ghanaian
miners in Tarkwa and Accra have been identified
as overexposed to mercury (Hilson 2002). Large-
scale mining can displace people from their land,
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jeopardize livelihoods or force household members
to seek alternative income streams. Artisanal and
small-scale mining is one example of a sector with
low barriers to entry. This is problematic because

it homogenizes land use towards extraction, bare
earth and built-up environments. Tying the local and
national economy to mineral extraction can intensify
environmental degradation and expose livelihoods to
economic downturns. Moreover, mines (large-scale
and artisanal) might increase wages, siphon off
labour from rural farmlands and cause a decline in
agricultural productivity.
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Figure 17. (a) Distribution of gold deposits in Africa (orange circles; Tollefsen 2012); (b) gold prospecting and mining in
Ghana; (c) VIIRS/DNB night-time lights of Ghana, as of 2016; note that gold mine production areas are brightly lit; (d) 1934
geologic map of Ghana (source: Basel Mission Archives, BMA 96170, Title: “Geological Map of the Gold Coast. Southern Sheet.
Showing Positions of Gold Mines and Prospects”; https://www.bmarchives.org/items/show/100203728 ), showing some of the
communities resettled following the establishment of the Tarkwa gold mine in the 1990s; (e) European Space Agency mapping
of land cover, as of 1992, with an overlay of protected areas (green polygons); (f) European Space Agency mapping of land
cover, as of 2018, with an overlay of protected areas (green polygons); note the reduction in forest cover, and the expansion of
the built areas around Tarkwa; (g) Landsat image (false colour composite of bands 7, 4 and 5; areas in magenta correspond
with built-up areas and mining areas), 29 December 1986, Ghana, before the beginning of large scale gold mining operations;

(h) Landsat image, 29 March 2020, Ghana, note the large extent of gold mining operations.
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c. Lihir gold mining and the resettlement of Putput
communities

The Lihir islands are in Papua New Guinea, off the
coast of mainland New Ireland (Figure 18a and b). The
largest of the six Lihirian islands, Aniolam is home to
one of the world's largest gold mines and deposits.
Gold exploration on the eastern regions of Aniolam
island started in 1995, with mining beginning in
1997 (Bainton 2010). Mining operations were initially
financed and led by the British-owned Rio Tinto Zinc
Corporation (RTZ) and are operated by Newcrest
Mining. Mining is expected to continue until at least
2040.

Mining led to the relocation of two coastal
settlements, Putput and Kapit. A new village

called Putput 1 and later extended to Putput 2

was established on the south-eastern fringe of the
island after 215 people were relocated into newly
constructed homes. Displaced villagers received
compensation for losing land, gardens, homes,
sacred sites and gravesites. Tension arose due to the
relocation process and compensation distribution:
landowners were the sole direct claimants to the
compensation packages despite the traditionally
complex Lihirian land tenure system. Before
resettlement, Putput residents were subsistence
farmers who supplemented their livelihoods with
fishing. Compensation packages rapidly elevated
households in mining lease regions into the middle
class, turning Putput into a suburban coastal
settlement. Mining led to the relocation of two
coastal settlements, Putput and Kapit. A new village
called Putput 1 and later extended to Putput 2

was established on the south-eastern fringe of the
island after 215 people were relocated into newly
constructed homes. Displaced villagers received
compensation for losing land, gardens, homes,
sacred sites and gravesites. Tension arose due to the
relocation process and compensation distribution:
landowners were the sole direct claimants to the
compensation packages despite the traditionally
complex Lihirian land tenure system. Before
resettlement, Putput residents were subsistence
farmers who supplemented their livelihoods with
fishing. Compensation packages rapidly elevated
households in mining lease regions into the middle
class, turning Putput into a suburban coastal
settlement.
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In 1995, the Lihirian population was estimated to be
9,892. By 2007 the population had reached 13,844,
with a growing number of non-Lihirian migrant
labourers and returnees. In-migration from nearby
islands and other parts of Papua New Guinea
increased as job opportunities arose in the mines and
the local economy grew as a result of mining activity.
Mining projects financed roads, public health facilities,
local airstrips and schools. However, benefits seem to
be concentrated to the island’s eastern coast, where
road networks visibly connect Putput, the mining site,
the airstrip and other facilities.

Like other island complexes in the Pacific Ocean,

the Lihir islands are tropical biodiversity hotspots
and, at least on paper, the entire area of Aniolam
Island was designated as a protected area in 1991.
Papua New Guinea sustains 6% to 7% of the world’s
species in less than 0.5% of the land (Shearman and
Bryan 2015). Communities rely on coastal mangrove
systems to mitigate flooding and use forest resources
for constructing houses and canoes. Beyond that,
natural resources are linked to local cosmological
beliefs. An illustrative example of how mining activity
has threatened to disrupt traditions is the location of
the Ailaya rock within the Putput mining plant. The
Ailaya is a sacred section of the caldera central to
the burial traditions of Lihirian tribes that remains
conspicuously forested amidst mining activity due to
an agreement to preserve it.

The environmental footprint of gold mining in Lihir has
increased in step with mining progress between 1997
and the present (Figure 18 e-g). Decreases in forest
cover, increases in bare soil and turbidity plumes into
the waters surrounding the mining site are visible on
the map below. Submarine waste disposal of rock
and tailings from the mine has also been a cause for
concern. There is continuous deep-ocean disposal of
9-24 Mt/year of mining waste (Thomas et al. 2003).
Tailings carry high concentrations of heavy metals,
which change the pH and impair the water quality of
nearby coral reef environments. Waste rock increases
turbidity in reef waters, with detrimental effects on
coral cover, biodiversity and fish communities.
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Figure 18. (a) Distribution of gold deposits in Australia and Papua New Guinea (orange circles; Tollefsen 2012); (b) gold
deposits in the eastern islands of Papua New Guinea; the location of Lihir Island is shown by a small red point; (¢) VIIRS/DNB
night-time lights of Lihir Island, as of 2016; (d) Sum of lights (raw DN values from DMSP/OLS) for Lihir Island; (¢) Landsat image,
28 March 1989, Lihir Island, before the beginning of gold mining operations; (f) Astronaut photo (ISS001-E-5933) from the
International Space Station, 28 January 2001, Lihir Island; (g) Planet Labs image, 15 January 2021, Lihir Island. The red polygon
denotes the location of Putput village before 1995 (based on Owen and Kemp, 2015), and the blue polygon denotes the current
resettlement of Putput village. Note the expansion of the mining area with time, and additional facilities constructed both on
land and at sea.



d. Gold mining rushes in Madre de Dios, Peru

In Madre de Dios Province, artisanal gold miners pan
for gold in the Peruvian Amazon — another one of the
world's ecologically diverse hotspots. In 1998, Peru’s
Ministry of Energy and Mines estimated that Madre de
Dios generated about 70% of the country’s artisanal
gold production. The ASM sector also provides direct
employment to as many as 30,000 miners, which is
probably a major underestimate due to the high rates
of unapproved mining operations. At the same time,
mining activity contributes to deforestation and river
pollution with heavy metals (Gardner 2012; Asner et
al. 2013). This type of mining is concentrated along
the Madre de Dios River and its tributaries. Mining

in the region can take the form of excavation (which
requires heavy machinery) or suction pumping and
water cannons (often in use around rivers and small
lakes). Both forms stress the landscape, intensify
deforestation and increase sedimentation and erosion
rates in rivers.

The dominant vegetation in the area is tropical
lowland rainforests with high biodiversity. A single
hectare in the Peruvian Amazon is home to 300 tree
species and much more endemic flora and fauna in
the forest canopy and soils (Phillips et al. 2003). Other
than the rich biodiversity, the Madre de Dios basin

is home to indigenous southern Amazonia groups
such as the Huachipaire, Arasaeri and other Harakbut
communities that have occupied the reaches of
Madre de Dios since pre-Colombian times (Federacion
Nativa del Rio Madre de Dios y Afluentes - FENAMAD).
Gold mining using ASM has emerged as more of a
threat to Peruvian tropical forests than agriculture

and logging (Alvarez-Berrios and Aide 2015). Between
2006 and 2009, an estimated 1,915 ha/year of

forest cover was lost to mining activity in the region,
outpacing nearby settlement deforestation (Swenson
etal. 2011).

Increased mining activity in the region has been
positively correlated with rising mercury importation
to Peru to aid the gold-extraction process (as well as
the resulting mercury pollution in the air and waters
of Madre de Dios) (Ashe 2072). An estimated 30 to
40 metric tonnes of mercury are dumped into the
rivers of Madre de Dios. Overexposure to mercury has
tremendous impacts on the health of small-scale gold
miners and Madre de Dios is no exception. A previous
case study examining gold mining in Ghana noted the
same occupational hazard. The pollution externalities
of small-scale mining processes that use mercury

as an input extend into the ecosystem: fish become
highly concentrated with mercury, and this eventually
makes it into people’s diets.

Mapping displacement, mobility and natural resource use

Landsat imagery, georeferenced datasets of gold
deposits and Day Night Band (DNB) from the Visible
Infrared Imaging Radiometer Suite (VIIRS) showing
lights overlaid by deforestation estimated from
Hansen Forest cover were used to map environmental
changes linked to ASM gold mining activity around
Madre de Dios. In two sections that lie on the
tributaries of Madre de Dios (Figure 19 ¢), significant
forest clearance and dugouts were observed between
1986 and 2019. In 1986, before the ASM gold rush,
Landsat imagery showed intact forest cover (Figure
19 d-e). Thirty years later, satellite imagery shows a
scarred landscape due to suction and digging of gold
along the tributaries (Figure 19 f-g). Forest cover is
absent or patchy in regions with high levels of mining
activity.


https://www.fenamad.com.pe/
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Figure 19. Distribution of gold deposits in Peru (orange circles; Tollefsen 2012); (b) VIIRS/DNB night-time lights in the region
of Madre de Dios, as of 2016 in the background, overlaid by deforestation, based on Hansen et al. (2013); (c) Gold mining areas
(Source: RAISG, The Amazon Geo-Referenced Socio-Environmental Information Network); (d) and (e) Landsat image (false
colour composite of bands 7, 4 and 5), 12 July 1986 ; (f) and (g) Landsat image (false colour composite of bands 7, 4 and 5),
25 September 2019.



Side box 4: The role of water availability in
climate mobility decisions in Peru

Pablo Escribano (IOM) and Jonas Bergmann (PIK)

The Potsdam Institute for Climate Change Research (PIK)
and IOM have partnered to produce a report that assesses
evidence on the nexus between mobility and climate change
in Peru (Bergmann et al. 2021). Based on a systematic
literature review, the report identifies major hazards that
affect populations in Peru’s three major topographic areas
(the coast, the highlands and the Amazon rainforest); the
variety of coping and adaptation mechanisms employed;
and the role of migration in these responses.

Decreases in water availability appear as a key challenge
for local livelihoods that has a demonstrated impact in
driving population movements in different scenarios
(Bergmann et al. 2020). Poor rural smallholders across the
country are often affected by hazards that decrease the
availability of much-needed water resources to support
their livelihoods. Various factors reduce access to water
including meteorological drought (National Meteorology
and Hydrology Service of Peru [SENAMHI] 2019) and
accelerating glacier recession, which has destroyed
approximately 40% of Peru's glacier surface area since
1962 (Institute for Research on Glaciers and Mountain
Ecosystems of Peru [INAIGEM] 2018).

Most of Peru's population resides in arid areas where
desertification is a major concern (Peruvian Ministry of
Environment 2016). While populations implement a set of
traditional adaptation measures to cope with water stress,
these options become increasingly ineffective when access
to fresh water critically diminishes (Bergmann et al. 2020).
Risk analyses developed by national authorities predict
critical conditions for crops and/or livestock in different
regions of the country (National Plan for Disaster Risk
Management of Peru [PLANAGERD] 2014).

When water availability is reduced through rainfall changes
or glacier retreat, studies show mobility as a coping
measure in the coastal and highland regions of Peru
(Ancash, Junin and Piura) (Bergmann et al. 2020). However,
movement is not the first or only coping and adaptation
measure adopted by households in response to water
scarcity (Koubi et al. 2016). Studies show that respondents
also request assistance from friends/family, reduce
expenses, carry out extra work or sell livestock (Bergmann
et al. 2021). Many other people lack options to react (Oft
2009; Oft et al. 2010).

Any hazard-driven mobility in Peru is part of strong,
pre-existing systems. For example, migration is considered
an essential part of the social fabric of the highlands, and
some villages have one or several migrants in virtually
every household (Cavagnoud 2018). Transhumance is an
inherent feature of community life (Cometti 2018). When
hazards hit, mobility options are shaped by vulnerabilities
and the availability of resources at the household level.

Mapping displacement, mobility and natural resource use

Many factors influence vulnerability, including geographical
location. For example, pastoralists at high altitude often lack
diversification options, thereby increasing their vulnerability
(Heikkinen 2017). If such pastoralists do move, migration
can be more permanent (Milan and Ho 2014). Conversely,
income diversification opportunities and proximity to
off-farm activities can facilitate daily commuting flows and
resilience against climate hazards (ibid.).

In terms of individual and community well-being, the
outcomes of such mobility can be mixed. While movement
can improve income diversification and access to new
livelihoods, it can also affect community cohesion, resulting
in high psychosocial costs and the establishment of
informal settlements in hazard-prone areas (Bergmann et al.
2021). In many instances, hazard-driven mobility remains an
obligation, rather than a choice: “migration is unwanted and
does not represent a choice, but rather a lack of alternative
income opportunities” (Sperling et al. 2008, p. 40). Urgent
planning and policy actions are required to address such
forced displacement, which could rise in unprecedented
ways. The report identifies three major threats that could
drive substantial migration by the end of the century: rapid
and extensive deglaciation; more El Nifio events combined
with higher sea levels; and extreme heat stress combined
with massive rainforest degradation (Bergmann et al. 2021).

Figure 20. Areas at risk of drought in Peru. Source:
MINAGRI, 2012, p. 36. Reproduced with permission. This
map is for illustration purposes only. The boundaries and
names shown and the designations used on this map do
not imply official endorsement or acceptance by the authors,
IOM or the Potsdam Institute for Climate Impact Research.
Clasificacion de Sequias (Zona Potencial de Sequia)/Drought
Classification (Potential Drought Areas): Muy alto (arido)/Very
high (arid); Alto (semi-arido)/High (semi-arid); Medio (seco,
subhimedo)/Medium (dry to sub-humid; Bajo (himedo
subhimedo)/Low (humid to sub-humid). Leyenda/Legend:
Limites/Borders - Internacional/Internacional; Region/
Region; Provincia/ Province; Distrito /District; Hidrografia /
Hydrography — Lagos /Lakes (Translation by the authors).
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Climate, natural resources and migration — statistical analysis of plausible connections in Africa

Much of the existing quantitative research linking the
environment and migration focuses on the marginal
influence of temperature and rainfall on migration
flows (see the 2020 meta-analysis by Hoffmann

et al.). One of the recent key findings has been the
contrasting impact of temperature and precipitation
shocks on international migration from middle-
income economies compared with poorer countries
(see, for example, Missirian and Schlenker 2017, or
Groschl and Steinwachs 2017). In middle-income
countries, higher temperatures are associated

with increased migration rates to other countries.

In poorer countries, the reverse is observed — with
higher temperatures decreasing the probability of
migration to other countries (Cattaneo and Peri
2016). Suggested reasons for this difference are that
international migration is a costly process and, in
poorer countries with agriculturally based livelihoods,
high temperatures are associated with a reduced
probability of would-be migrants having the resources
to move (Hoffmann et al. 2020). The aim of this
chapter is to present new empirical evidence on the
role of environmental shocks and their interactions
with natural resource availability as determinants of
migration flows.

The causal pathway linking climate to migration has
often been assumed to occur via the influence of
climate shocks and stress on natural resource-based
livelihoods, such as agriculture. From a theoretical
point of view, the effect of such shocks is ambiguous.
Affected farmers may be driven to look for other viable
land after environmental change reduces the yields of
their plots, but the reduction in income may trap these
populations and reduce their mobility. The difficulty of
empirically assessing the natural resource-migration
link is related to the potential sensitivity of resource
variables to migration-related increases or decreases
in population, while resource variables are also a
potential cause of migration. For example, improved
land productivity could be a cause of migration, as
migration becomes more affordable, as well as a
result of decreased population pressure on land due
to outmigration. In recognition of this reverse causality
problem, the approach taken in this chapter is to focus
on a common stressor on natural resources, namely
drought, and its statistical association with migration.
In a number of countries, agricultural productivity

is directly linked to the strength of the economy,
implying that drought can also affect non-agricultural
sectors, albeit to lesser degree (Burke et al. 2015). The
agricultural sector is still a highly relevant source of
income in many developing countries, particularly in
rural areas.

This chapter examines this agricultural pathway to
migration in more detail, highlighting the mechanism
of deteriorating land resources due to drought. In
particular, the statistical relationship between the
Standardized Precipitation Evapotranspiration Index
(SPEI) and international migration flows, sub-national
population densities and thus internal migration
flows is explored. The SPEl is a measure of drought
and, by extension, is an indicator of stressed land
resources in terms of productivity. This examination
of land resource degradation is extended to consider
the influence of soil carbon on migration flows.
Finally, the chapter explores whether the presence of
mineral resources acts as a mediating factor in the
relationship between drought and migration.

4.2 Literature review

Sub-Saharan Africa has received considerable
attention from researchers working on the empirical
linkages between climate and human mobility. Most
of the existing studies have analysed the year-to-

year correlation between weather phenomena and
migration. For example, in multi-country studies of
Sub-Saharan Africa, Barrios et al. (2006) analysed the
link between average rainfall and urbanization, while
Marchiori et al. (2012) estimated how temperature
and precipitation anomalies affect migration
outcomes. Within this strand of literature, there is

no consensus around any robust relationship with

a clear direction of association between climate

and migration, although some stylized facts can be
inferred from the empirical literature (see Hoffmann
et al. 2020; Beine and Jeusette 2021). Climatic shocks
may induce migration on the one hand and constrain
migration on the other. Cross-national studies based
on household surveys and micro-censuses report
mixed evidence: whilst increased temperature is
associated with higher international migration in
Uganda, outmigration decreases with temperature
rises in Burkina Faso and Kenya, and no relationship is
found between migration and temperature anomalies
in Nigeria and Senegal (Gray and Wise 2016;
Nawrotzki and Bakhtsiyarava 2017). Looking beyond
Africa, even within a country, studies often fail to find a
consistent pattern of association. For example, rainfall
deficits suppress United States-bound migration from
rural Mexico according to some studies (Hunter et al.
2013; Nawrotzki et al. 2015) but increase migration
according to others (Barrios Puente et al. 2016).
Likewise, a set of macro-level studies of bilateral
migration between countries also report inconsistent
findings, with international migration increasing with
higher temperatures in some cases (Backhaus et
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al. 2015; Cattaneo and Peri 2016) and not affecting
migration in others (Beine and Parsons 2015). Meta-
analytical results confirm the heterogeneity of effects
reported on the climate-migration link in the empirical
literature (Hoffmann et al. 2020).

4.3 Modelling the effect of drought on
migration

The decision to migrate is the result of complex
reasoning and is influenced by external factors

such as poverty, social and political exclusion,
conflicts, labour requirements and many household
characteristics (such as size, income and
landholdings). To analyse such decisions, economists
often use modelling frameworks that build upon
comparisons of potential emigration costs and

gains. Here, emigration costs might be interpreted

as monetary costs (such as the cost of relocating) or
non-monetary (including psychological) costs. While
economists assume people assess these gains and
costs similarly, they recognize that households do not
necessarily react to the same environmental changes
in a similar way. If environmental degradation and
drought can push migration for some households,
they can also hamper the decision for others by
decreasing the local economic resources needed

to migrate. The impact of drought on migration is
probably indirectly mediated by physical, economic
and political factors, which are in turn affected by
environmental change (Abel et al. 2019; Richard Black
et al. 2011; Fussell et al. 2014). Drivers of migration
(climate, political factors, economic conditions and
conflict) tend to be assessed simultaneously in the
existing literature, without considering the causal
structure through which migration is determined.

In line with Cattaneo and Peri (2016), this study aims
to identify the total effect of drought on emigration,
test interactions with the income level of the country
of origin, disentangle potential non-linearities in
drought severity and suggest potential channels

and explanations. As income and productivity are
affected by adverse climate events, this approach
facilitates the identification of the total impact of
droughts on migration and potential channels, rather
than isolating its partial effect. In order to identify a
relationship between drought, land degradation and
migration decisions, aggregated international data
and disaggregated (grid-level) data on migration

and population density are used. More specifically,
information on variables of interest is collected at the
national and at the 0.5 x 0.5 degrees cell level. While
the national level analysis relies on survey data on

international emigration decisions, the disaggregated
approach accommodates other phenomena of
human mobility — particularly in terms of internal
migration (which is often not accounted for in national
analyses).

Both analyses follow the same estimation strategy
involving regression of potential migration responses
on drought and potential mediators. In that sense, the
following specification represents the reduced formed
equation that links drought and international/local
migration:

where Pop, captures the human mobility variable

of interest, either emigration as a share of total
population in the international case and log-population
measures at the local level; C,, captures the

potential effect of location-specific drought events

on emigration; and D', and C,, x D(j il P) capture
co-determinant effects on migration. Then, I, and

i, capture time and region/cell fixed effects. By
including fixed effects, the study was able to control
for all time-invariant cell-specific factors impacting
migration such as the distance to the port, distance
to capital, distance to borders or the existing network
in other regions/countries (such as the presence of
an ethnic group in destination cities). For the analysis
at the international level, region-by-time fixed effects
were included to capture region-specific effects that
were potentially confounding the estimation. Such
region-specific characteristics include a range of
determinants such as global climate pattern, the price
of natural resources (including oil prices) or global
economic cycles. As a result, these estimates are less
likely to be biased by any unobserved third factors.

Finally, a similar specification was estimated

using land degradation (proxied by the soil carbon
content) instead of drought to estimate whether land
degradation may have a direct effect on migration.
However, contrary to the preferred indicator of
drought (the SPEI index), the interpretation of effects
associated with this indicator is potentially subject
to reverse causality, as population density is likely to
impact land degradation and therefore its proxies.
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4.3.1 Data

To estimate the effects of drought on migration
decisions, aggregated international data and
disaggregated (grid-level) data are used. The two
main sources of population and migration data,
respectively, are Ozden et al. (2011) migrant stock
data (1960-2000) and the Gridded Population of
the World (GPW) dataset. The Gridded Population
of the World (GPW) collection, now in its fourth
version (GPWv4), models the distribution of human
population on a continuous global raster surface.
Since the release of the first version of this global
population surface in 1995, the essential inputs

to GPW have been population census tables and
corresponding geographical boundaries. The purpose
of GPW is to provide a spatially disaggregated
population layer that is compatible with data sets
from social, economic and earth science disciplines,
as well as remote sensing. The fourth version of
GPW (GPWv4) is a raster data collection of globally
integrated national population data from the 2010
round of Population and Housing Censuses, which
were carried out between 2005 and 2014. The
input data are extrapolated to produce population
estimates for the year 2000. One major drawback
of using these data is that the population changes
estimated in the GPWv4 data are also affected by
changes in birth and death rates, as well as the
difference between the two. This analysis assumes
these rates remain stable within cells and that they
are captured by the cell fixed effects. This implies
that immigration effects may be overestimated in
locations where birth rates increase or mortality
falls in a given period, with the opposite holding
true for emigration effects. The data at the required
level of scope and disaggregation do not allow for
a better measurement of human mobility, although
current efforts aimed at estimating migration at a
high spatial resolution may provide more precise
information in the near future (see Alessandrini et al.
2020).

The analysis of international migration uses data
from Ozden et al. (2011), and provides information

on migrant stocks spanning the period from 1960 to
2000. Those stocks are converted into emigration
flows by adding all net flows for the same countries
of origin and computing emigration rates as the ratio
between the decade’s aggregate net flow of emigrants
relative to the origin country’s population at the
beginning of the decade. The main advantage of these
data is that they are drawn from national censuses,
which are much more accurate in counting foreign-
born individuals than flow measures. As the data are

only available every ten years, migration responses
capture long-term tendencies - a characteristic that is
specifically covered by this study’s estimation strategy.

The main explanatory variable here is drought, as

it potentially affects livelihoods and the natural
resources on which they depend. The SPEI developed
by Vicente-Serrano et al. (2010) is used to capture
such conditions. The SPEl is a multi-scalar drought
index based on climatic data that is normalized

to mean zero and unit variance. It can be used to
determine the onset, duration and magnitude of
drought conditions with respect to normal conditions
in a variety of natural and managed systems such as
crops, ecosystems, rivers, water resources and so
forth. A value of zero means that the water balance

is exactly at its average; a value of plus one (or minus
one) means that the water balance is one standard
deviation above (or below) the average. The SPEl is
constructed using a range of weather, climate and
time-invariant factors to measure drought severity
according to its intensity and duration, and can also
identify the onset and end of drought episodes.
Furthermore, the SPEI allows comparison of drought
severity through time and space, since it can be
calculated over a wide range of climates. One of the
limitations of the SPEI as a measure of drought is
the fact that it does not consider the growth cycle of
crops (Pei et al. 2018). To overcome this drawback,
climate information provided by the Climatic Research
Unit (Harris et al. 2020) is used to evaluate the SPEI
around location-specific growing seasons of the most
cultivated crop. To do so, crop data on production
and harvest areas and crop calendars are extracted
from the global data set of monthly irrigated and rain-
fed crop areas for the year 2000 from the Food and
Agriculture Organization of the United Nations (FAQ)
(Portmann et al. 2010). Using location-specific SPEI
evaluations of growing seasons provides a direct link
between SPEI and patterns over the growing cycle to
capture the role played by environmental shocks as a
determinant of agricultural productivity.

The international analysis compares SPEI trajectories
across countries and decades. Differences between
in period-average SPEI scores are compared with
long-term levels of SPEI. Those periods range

from two to ten years. Worsening SPEI scores are
indicated by lower period averages compared with the
country-specific long-term levels. Comparing effect
size estimates across those period comparisons
sheds light on long-run migration responses to
worsening climate conditions and, by extension, a
proxy of worsening land-based natural resources.

At the grid-level, the work of Laurent-Luchetti (2019)
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Figure 21. Left panel: Population projections in 10,000s for the year 2000. Right panel: Drought durations by cell evaluated in
the year 2000. Drought duration is measured in fractions of past 12 months. A value of 0.5 means that 6 of the past 12 months
were classified as drought periods (growing season SPEI lower than -1.5)

is used to construct a measure of drought periods as
the proportion of months with SPEI scores below -1.5
out of the past 12 months. That is, for a year where the

longest consecutive streak of months below -1.5 is three,

the cell will be given a value of 3/12 = 0.25. When the
longest streak starts in the previous year, it is counted
and included in the year in which the streak ended.
Theoretically, the proportion can therefore be above
unity. This measure is aggregated for the past two years
to capture longer drought periods, as grid-level migration

data are only available every five years. Land degradation

data in the form of changes in soil carbon stocks come
from the Trends.earth project (Gonzalez-Roglich et al.
2019). In order to estimate potential tempering effects
of alternative sources of income (mineral resources),
the Mineral Resources Data System (MRDS) is used.?
The MRDS is a collection of reports describing metallic
and non-metallic mineral resources throughout the
world. Deposit name, location, commodity, deposit
description, geological characteristics, production,
reserves, resources and references are all included.
Deposit locations are aggregated at the grid-level to
proxy resource and labour availability.

All the datasets are matched to the PRIO-GRID
structure — a standardized spatial grid structure with

22 https://mrdata.usgs.gov/mrds/.

global coverage at a resolution of decimal degrees
(Tollefsen et al. 2012). The PRIO-GRID dataset is a
grid structure that aids the compilation, management
and analysis of spatial data within a time-consistent
framework. It consists of quadratic grid cells that
jointly cover all terrestrial areas of the world.

Each grid cell contains cell-specific information

on armed conflicts, socioeconomic conditions,
ethnic groups, geophysical attributes and climatic
conditions.® This analysis uses a number of those
cell-specific attributes to investigate the potential
heterogeneous effects of droughts and land
degradation. These attributes include information on
natural resources (presence in a cell of oil, diamonds,
gold or gems), distances between the centroid of the
cell and international borders and to the capital city,
as well as topological features of the cell (whether it is
mountainous terrain; and land composition).?*

23 Note, however, that some these variables are time invariant
or represent average values over the period of analysis. This is
particularly relevant for the presence of mineral resources and
geophysical attributes.

24 Replication data and codes are publicly available via Harvard
Dataverse: "Replication Data for: Pathways to migration: the role
of natural resource degradation” https://doi.org/10.7910/DVN/
QXPOTY. Harvard Dataverse.
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Mineral Resource Deposits
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Figure 22. Currently active and past locations of mineral resources extraction sites (MRDS). MRDS are aggregated within each

cell

4.3.2 Descriptive statistics

The final dataset comprises information on 10,667
cells across four years, yielding a total of 42,936
observations. The left panel of Figure 21 shows the
gridded population estimates provided by GPWv4 for
the African continent and the year 2000 - the initial
year of this empirical analysis.

Over the full sample, the average cell has about
91,966 inhabitants. Furthermore, the average Gross
Cell Product adjusted for purchasing power parities is
about 0.1625 US dollars per cell with a maximum of
20.3 US dollars.

The right panel of Figure 21 displays cells that were
subject to a drought in the year 2000. As shown,
drought periods are clustered, raising the issue

of potential spatial autocorrelation which would
need to be accounted for in the estimation model.
Furthermore, severe drought events affect cells

with very low population densities. Finally, Figure 22
displays both active and currently inactive mineral
resource deposits. As there are no data on actual
extraction volumes, resource deposits aggregated to
the grid level are used as a proxy for potential sources
of income different from agriculture.

25 Active and inactive locations are included, as there is little to no
information available to determine the time frame of sites being
operational. However, the known presence of mineral resources
makes it possible to differentiate between cells where income
generation due to mineral resource extraction might be possible
and cells where such operations are not viable. In that sense, these
estimates represent a lower bound for the subset of cells that have
mineral resource deposits.
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Figure 23. SPEl-trajectory effects estimates on log international emigration rates, by income quantile in the sample. The
horizontal axis depict different lengths of the period of worsening drought conditions, from short (2 years) to long (10 years)
periods. The vertical axis shows the corresponding effect on emigration rates (semi-elasticity). Estimates plus/minus twice
their standard deviation are shaded. Standard errors are clustered at the regional level. The model also includes region-by-
decade fixed effects to account for potential regional confounders.

4.4 Results

4.4.1 International migration

Figure 23 shows the effect estimates of the response
of international migration to variations to SPEI
trajectories during the growing season. SPEI profiles
are obtained by relating yearly average SPEI levels

to 20-year country averages using the following
equation:

and thus represent relative SPEI values as compared
to the long-run dynamics of the series. Depending

on the value of p chosen, the variable reflects short-
run dynamics in drought risk (for low values of p) or
changes in the longer run (for high values of p). Lower
values of SPEI are associated with falling profiles in
SPEI if the overall trajectory is close to linear. Clearly,
one limitation of this approach is a weakness in

capturing highly non-linear SPEI trajectories, that is
(inverse) u-shaped SPEI dynamics. However, since
average period SPEI and not yearly SPEI values enter
the equation above, this issue is not expected to affect
the analysis considerably. In that sense, estimation
results using the SPEI trajectory measure are to be
interpreted as long-run (improving) worsening climate
conditions as opposed to single events of droughts
and thus capture (decreased) increased drought
probability over the period in question.
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Splaaem varable Drought Drought Drought Drought degrad;gg
-6.649%** -0.549%** -0.127%** -0.126%** -0.151

(1.050) (0.192) (0.00962) (0.0391) -0,224

Cell fixed effects No Yes Yes Yes Yes
Year fixed effects No No Yes Yes Yes
Adjusted standard errors No No No Yes Yes
Obs 41,868 41,868 42,064 41,868 36,863
R? 0,004 0,004 0,004 0,004 0,002

Table 1. Effects of drought events (columns 1 to 4) and soil degradation (column 4) on population. Dependent variable is population at

the cell level. In parenthesis, (heteroskedasticity and autocorrelation-consistent, HAC) standard errors, * p<0.10, ** p<0.05, *** p<0.01.

In line with previous contributions, such as Cattaneo
and Peri (2016), there are statistically significant
effects of drought on migration, although these
results differ in part from those found in the
literature. The upper-left panel in Figure 23 shows
the effects of SPEI trajectories on migration rates
for countries below the first income quantile in the
sample. Significant drought effects are exclusively
associated with this subsample of relatively poor
countries, and only appear for relatively long-lived
drought episodes. In economies in which agricultural
productivity is so low as to leave rural populations
with liquidity constraints and limited to the primary
sector, worsening (improving) climate and lower
(higher) agricultural productivity may slow (increase)
economic transformation and economic growth.
These effects ultimately contribute to poverty traps.
Unfortunately, one caveat of using data taken from
Ozden et al. (2011) is that they cover a period where
data on resource extraction volumes are scarce -
especially when focusing on poorer countries. In
order to investigate potential tempering effects

that resource availability as an alternative source of
income might have on negative climate shocks, grid-
level data sourced from fairly recent surveys are used.

4.4.2 Grid level

Table 1 displays the estimates based on the
specification relating drought and land degradation

to log-transformed grid-level population projections.
Column 1 displays a weak correlation of the drought
measure with log-population levels without controlling
for any time and cell (that is, grid-level) fixed effects.

By not including cell and time fixed effects, cell- and
time-specific confounding factors are implicitly
allowed to bias the estimation results. For example, if
cells in rural areas are more likely to experience both
drought and strong migration toward urban areas,
cell fixed effects would have to be added as this
higher migration tendency would create a spurious
correlation in models that do not account for such
time-invariant unobservable variables. Confounding
factors that are associated with time would be
time-specific events - such as El Nifio or region-wide
conflict potentially spurring migration - that affect
many cells at a time.
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The results in columns 1 to 3 show the obvious
importance of cell- and year-fixed effects to control for
cell and time invariant confounders, which are dealt
with by including cell-fixed effects in column 2, and
cell- as well as time-fixed effects in column 3. Part of
the effect of droughts on migration might also be due
to spatial correlation - that is, the fact that drought is
hardly cell specific but affects neighbouring cells in a
similar way. This is especially true in a grid-cell setting.
To control for spatial correlation, columns 4 and 5

use standard errors that are estimated with a spatial
heteroskedasticity and autocorrelation consistent
(HAC) correction, allowing for both cross-sectional
spatial correlation and location-specific serial
correlation, applying the method developed by Conley
(1999).

Column 4 displays the preferred specification,

which shows a statistically significant and sizeable
negative effect of prolonged drought periods on cell-
level population. As the main explanatory variable

is measured in fractions of a year, dividing the
parameter estimate by 12 gives us the effect of one
additional month of drought, which would decrease
the population in that cell by about 1%. Given the
mean population per cell is about 91,966, a reduction
of 1% represents about 919 people per cell. Assuming
constant birth and death rates, this estimate implies
that droughts cause a total number of 9.8 million
people to leave their initial cell of residence. Clearly,
as droughts might affect births and deaths, the
assumption of constant birth and mortality rates

is rather restrictive. This is particularly relevant as,
given the international results presented in Figure

28, only a small fraction of those 919 people per cell
represent actual migrants - underlining the potential
negative consequences of immobile populations.
Column 5 presents the estimation results that

relates soil carbon degradation to potential migration
responses — indicating small to no detectable effects.
It should, however, be emphasized that it is extremely
challenging to obtain reliable estimates of soil carbon
changes, and that the existing data may be subject to
measurement error.?

4.4.3 Heterogenous results

To explore potential non-monotonic effects of drought
severity, Figure 21 displays the effects of different
drought durations on migration measures. Drought

26 See https://trends.earth/docs/en/background/understanding_
indicators15.html.

levels rank from two to more than six consecutive
months with SPEI levels below -1.5, which are then
compared to cells experiencing less than 2 months of
drought.

As expected, more intense drought periods have more
severe impacts on migration. However, this study’s
relatively imprecise drought severity estimates rule
out any inference of non-linear changes in absolute
effect sizes.

Income

On the basis of Cattaneo and Peri (2016), potential
heterogeneous resilience to drought periods was
analysed by interacting the main explanatory variable
with projections of purchasing power parity adjusted
gross cell product evaluated in the initial year of the
period. These projections are obtained from the latest
version of the Global Gridded Geographically Based
Economic Data (G-Econ; Nordhaus 2006). The data
are computed by spatial rescaling based on existing
figures from subnational administrative units using a
proportional allocation rule based on cell population
and area. As displayed in Figure 22, relatively richer
cells are far more resilient towards drought periods
compared with the poorest cells in the income
distribution. Part of the heterogeneity might be
explained by the fact that agricultural dependence is
most prevalent in poor cells and alternative sources of
income tend to be more accessible in higher income
cells.

Accessibility and urbanization

The higher resilience of ‘richer’ cells might also be
due to their relatively higher urbanization rate. To
investigate whether the interpretation of the effects
of droughts being more severe for rural areas is
correct, Table 2 displays the estimation results of

a specification where the baseline drought effects
interact with the cells’ distance to the capital and the
cells’ urbanization rate (measured as a percentage of
the cell considered to be urban).

Column 2 in Table 2 shows that relatively more
urbanized cells tend to be more resilient to droughts
than cells with rural attributes. This supports the idea
that a lack of alternative means of income in rural
regions is the main driver of the negative drought
effects on migration.


https://trends.earth/docs/en/background/understanding_indicators15.html
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Figure 24. Left panel: heterogeneous effects of drought incidence by drought-severity measured in fractions of 24 months.
The baseline group is specified to have reported drought periods - SPEI levels below -1.5 - with duration less 10 percent of the
past 24 months. Groups 2-4 reported drought periods that spanned 10-20, 20-50 and more than 50% of the past two years.
Right panel: heterogeneous drought effects by cell-income-quartiles measured by log-transformed purchasing power adjusted
gross cell product in US dollars

(1) )
Drought event -0,117%*
(0,052)
x Closeness -0,008
(0,013)
x Urbanization 0,043**
(0,017)
Cell FE Yes Yes
Year EE Yes Yes
HAC SE Yes Yes
Obs. 47,664 42,672
R2 0,006 0,006

Table 2. Effects of drought events (columns 1 to 4) and soil degradation (column 4) on population (HAC) standard errors in parentheses,
*p<0.10, ** p<0.05, *** p<0.01
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Resources

Another alternative income source is the presence of
mineral resources. Developing countries have access
to many of the world's largest oil and mineral reserves.
They are among the largest producers of key minerals
and account for most of the growth in mineral
production (Humphreys 2009). Existing empirical
literature suggests that an abundance of natural
resources may fail to improve living standards, or
even hinder economic performance, especially in the
presence of weak institutions (Mehlum et al. 2006).
Most of the evidence comes from aggregate data

at the country level and offers little guidance about
the local economic effects of resource abundance.
According to this study, however, mineral resources
might actually provide income in times where
agricultural yields dwindle. In line with Aragdn and Rud
(2013), this study found positive effects of mineral
resource presence within a cell in terms of sensitivity
to SPEI changes. In other words, adverse drought
effects are dampened by the presence of mineral
resources, probably due to the possibility of access to
an alternative source of income.

4.5 Discussion

This chapter focused on the impact of drought

and land degradation on internal and international
migration. The impact of drought on migration was
studied through the effect on agricultural productivity,
in order to test the hypothesis that communities
experiencing greater environmental stress may have
suffered declining agricultural productivity leading

to mobility. This phenomenon, which should mainly
affect rural populations, has differential consequences
on emigration rates depending on the income

level of potential migrants. In very poor countries,
where the main obstacle is the unaffordability of
emigration, warming and lower rural income may
imply less emigration. In countries where income is
not as low, however, lower agricultural productivity
will enhance the incentives to migrate to cities or
abroad. Consistent with this theoretical framework,
drought episodes were found to be associated with
lower human mobility in low-income environments.
On the other hand, alternative sources of income
were found to greatly improve drought resilience at
the national and subnational levels. By combining
both international and subnational models, previous
findings on drought resilience (Laurent-Luchetti 2019;
Cattaneo and Peri 2016) were extended to shed light
on the importance of local income sources other than
the drought-sensitive agricultural sector. Furthermore,
droughts seem to be mostly related with subnational
migration decisions as opposed to international
migration. As the latter tends to require more money
to be viable, droughts (by their adverse effects on
agricultural productivity) cause poverty traps at the
national level. Given worsening climate conditions
and increased incidences of drought in the future,
investment in and development of alternative sources
of income seem paramount in alleviating natural-
resource-related climate stresses in severely affected
communities.
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Systems analysis of complex pathways linking resources and human (im)mobility

5.1 Introduction

When analysing the link between natural resources
and migration, three main framings are often used
to understand the phenomena involved. The first is
where people are considered forced to move because
individuals, households or society are detrimentally
affected by a degradation or reduction of natural
resources available to them. The second framing

is where the process of migration is seen as an
adaptation to the loss or potential loss of natural
resources. The migration process may not only
reduce exposure to resource loss and degradation
but may provide income and skills that can be used
to build resilience to shocks and stresses. In both

of these framings, natural resources can be seen as
conduits of climatic stress and shocks. However,
resource degradation and loss can also be a result
of non-climatic reasons including poor resource
governance. The third framing is where migration

is seen as a response to the perceived opportunity
provided by natural resources, such as resource
mining. Clearly these framings are not mutually
exclusive, and peopl