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As millions of people affected by climate change move towards urban centers within low- and
middle-income countries, the United States has a low-cost opportunity to mitigate the
destabilizing effects of this mass population redistribution. Stakeholders can use satellite imagery
and geographic information systems (GIS) to identify suitable regions for the internal relocation
of environmentally vulnerable communities. The United States can fund partnerships with highrisk countries in order to bolster state capacity to utilize these technologies, establish principles
for data analysis and relocation, and reduce the financial burden of climate displacement
planning on already fragile states.

Introduction
Three times more people were displaced by climate change than by conflict or violence in 2019.1
This trend is likely to increase as the effects of climate change become more acute and adversely
affect agriculture in low- and middle-income countries (LMICs). Climate displaced persons will
migrate towards cities in search of lower risk economic opportunities. Rapid urbanization,
expanding slum populations, and competition for scarce resources will increase conflict in these
countries, exacerbating and entrenching poverty.
International organizations have advocated planned relocation as an adaptation strategy for
environmentally vulnerable populations. They have provided decision-making checklists and
broad frameworks for implementing such a policy. This guidance, however, has yet to address one
critical question: how can stakeholders identify where these communities should go?
The U.S. government, along with the private sector, can provide technical assistance to LMICs for
relocation planning by training local officials to use geospatial technology to identify suitable
relocation sites. Embracing this low-cost, high reward opportunity allows the United States to
position itself as a leader on climate change mitigation, while helping minimize the social and
political impact of climate change on key allies and regions.

Climate Change and Displacement
Climate change will transform geographic and political landscapes as rural agricultural
communities in LMICs migrate due to new environmental stressors. This displacement will
primarily occur in countries already facing conflict and political instability.
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Shifting Human Climate Niche
For over 6,000 years, human civilizations have settled within a narrow range of Earth’s available
climates, where mean annual temperatures fall between 11°C (52°F) and 15°C (59°F).2 Should
global average temperatures increase 1.5°C above pre-industrial levels, 3.5 billion people will
experience average temperatures above 29°C (84°F) by 2070. Such temperatures are found on only
0.8 percent of Earth’s land surface today.3
The area habitable by humans—or the “human climate niche”—currently spans the United States,
southern Europe, central Asia, and eastern Asia. However, the human climate niche will shift to
more extreme latitudes within the next 50 years. This shift will dramatically reduce the area
suitable for human habitation in South America, Sub-Saharan Africa, the Middle East, South Asia,
and Southeast Asia. In tropical regions, which have narrower temperature ranges than northern
regions, future temperature changes will have a greater effect on agriculture and livelihoods.4
Figure 1: The Future of the Human Climate Niche
The projected 50-year shift of the human niche from its current placement.5 The color
scheme in Map C demonstrates positive and negative changes to suitability for human
life based on estimated temperature changes in 2070. GIS credit: Data Science for
Sustainable Development. Global Administrative Zones Data: geoBoundaries6
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Societies structure their economies around their climates, and changes to those climatic conditions
can lead to significant economic disruption and social instability.7 While some communities may
have the ability to adapt to these changes, the majority will not, due to limited financial resources
and low technical capacity.
Natural disasters in 2019 triggered the displacement of 24.9 million people across 140 countries.8
Climate change is expected to displace an additional 150 to 300 million people globally by 2050—
of those, at least 140 million will be displaced internally.9 Countries facing extreme climate risk
will bear the heaviest burden of climate displacement.10 For example, over 143 million people
within Sub-Saharan Africa, South Asia, and Latin America will be forced to migrate due to climate
change.11

Climate Change Vulnerability
Rural agricultural communities in low-income countries are at greatest risk from climate change
and most likely to be displaced. Climate change will reduce crop yields, worsen livestock health,
and heighten water scarcity or exacerbate flooding.12 Some areas within countries will become
more habitable, with better agricultural conditions, while other areas will be less habitable, forcing
residents to migrate to protect or improve their livelihoods.13
A country’s vulnerability to climate change depends on three factors: (1) likely exposure to
climate-induced natural disasters and sea-level rise; (2) the sensitivity of a population to climate
shocks based on agricultural dependency, level of development, and ongoing conflicts; and (3) the
ability of the government and infrastructure to adapt to and mitigate the effects of climate change.14
Three climate-related stressors threaten populations in vulnerable countries:
•

Increased frequency and severity of storms. The frequency and intensity of severe
storms will grow as larger areas of the ocean reach 26+°C (79°+F).15 In Southeast Asia,
monsoons have devastated farming communities, forcing more than 8 million people to
move. Two cyclones struck Mozambique in the span of a few weeks in 2020, displacing
2.2 million people and destroying 711,000 hectares of crops.16

•

Sea-level rise. As average global temperatures increase, glaciers and ice sheets will melt
and ocean volume will expand, causing sea levels to rise.17 Scientists project that sea levels
will rise 0.26 to 0.77 meters by 2100.18 Small islands, low-lying coastal areas, and deltas
are the most vulnerable to the effects of sea level rise. Residents often cannot return to their
homes due to flooding, erosion, and damage to critical infrastructure.19 For example, when
sea levels rise by a meter, half of Bangladesh will be flooded.20 These effects also threaten
arable farmlands and the livelihoods of agricultural communities. In Tuvalu, increased soil
salinity is endangering the cultivation of common crops.21

•

Desertification. Higher temperatures increase evaporation, leading to water scarcity.
Mexico experiences 700,000 relocations yearly due to desertification.22 Similarly, millions
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living in rural communities in the African Sahel are migrating to coasts and cities to escape
drought.23
The regions with the greatest climate risk already experience poverty, domestic political and social
instability, and high population growth. Eight of the top ten countries at “extreme risk” from
climate change are among the world’s 48 poorest countries. Seven of the top ten climate vulnerable
countries host United Nations peacekeeping or special political missions.24 Climate risk also is
greater in regions with rapid population growth, such as Asia and Africa.25 Climate change and
high internal displacement will compound instability and poverty.

Climate Change, Rapid Urbanization, and Internal Conflict
The world is becoming a ‘planet of slums’
— David Kilcullen26

Economic migration is distinct from climate induced migration to cities. Economic migrants leave
rural, largely agricultural areas to seek out non-agricultural work opportunities in urban centers;
they are motivated by “pull” factors. Climate displaced persons in contrast are motivated by “push”
factors, such as deteriorating agricultural conditions, natural disasters, or a loss of habitable land
due to sea-level rise.27
In population-dense cities, urbanization translates into the growth of slums, and an influx of
climate displaced migrants will cause slums to expand faster than governments can adapt. One
billion people live in crowded slums globally with limited access to clean water, sanitation,
education, and adequate housing.28 Climate displacement will swell slum populations by 700
million people over the next 10 years.29 Addressing climate displacement would therefore slow
slum expansion and help prevent further social instability.
Twenty-six of the world’s 32 megacities—cities with populations over 10 million—are located in
LMICs.30 Cities in LMICs are unprepared for mass climate induced urbanization and the resulting
expansion of slums, especially as leaders have tended to ignore the needs of slum residents.31
Moreover, when local leaders implement programs to aid slum dwellers, these programs are often
ineffective due to rapid settlement rates and inadequate funding.32 This lack of resources will
compound the damage from heat waves, drought, and violent storms in cities in LMICs.33
Further, as climate displaced persons flood into urban centers, the ethnic maps of LMICs will be
redrawn and the likelihood of conflict will increase.34 Indeed, the International Committee of the
Red Cross estimates that 96 percent of future urban growth will occur in cities that are already at
an increased risk of violent conflict.35 Urbanization means that formerly separate ethnic groups
will live in close proximity and vie for increasingly scarce resources.36 For example, urban
migration to Benghazi, Libya and Karachi, Pakistan heightened competition for limited resources
and exacerbated tensions among rival ethnic groups.37
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Planned Relocation: Lessons and Limitations
The international community has an opportunity to limit the social and economic effects of climate
migration through a planned approach to relocation, identifying destinations that are more suitable
for human habitation and offer the potential for more secure, sustainable livelihoods.

Existing Frameworks for Planned Relocation
Planned relocation is an organized process whereby groups are resettled and given the resources
needed to rebuild their livelihoods.38 Planned relocation occurs: (1) in anticipation of disasters; (2)
as a response to disasters; or (3) as a part of broader climate change adaptation or disaster risk
reduction measures.39
Environmental pressures have led to planned relocations in the past. For example, Indonesia’s
Transmigration Program relocated 2 million people from 1979 to 1988 to new rural settlements in
order to alleviate overpopulation in poor agricultural communities.40 From 1984 to 1985, the
Ethiopian government relocated tens of thousands of people in drought-stricken regions.41 Such
relocations will occur more frequently as climate change accelerates and less ambitious adaptation
strategies prove ineffective.
International organizations have crafted a number of frameworks for planned relocation in
anticipation of extreme climate change.42 Regional and national guidance on relocation draws on
these international frameworks. For example, Myanmar, Fiji, and Brazil have used these
frameworks to inform their planning.43 Multilateral development banks, such as the Asian
Development Bank, Inter-American Development Bank, and the African Development Bank,
likewise follow the international frameworks when creating guidance for involuntary
resettlement.44
These frameworks are checklists that identify key aims in relocation planning. These aims include
the need to: respect human rights, consult and elicit consent from the relocated community, be
sensitive to cultural concerns, and secure land rights. They also highlight the need to find suitable
sites for relocation.45 That said, the frameworks provide limited guidance on how to achieve these
goals, importantly how to identify appropriate destinations for potential or actual climate migrants.

Limited Guidance on Determining Suitable Sites
Existing guidance emphasizes the importance of relocating climate displaced persons to suitable
sites. As defined by the frameworks, a suitable site has the following characteristics:
•

Low environmental risk. Suitable relocation sites should have lower climate risk,
including fewer natural disasters, less sea level rise, and more stable precipitation.46
Relocation sites also should not be situated on polluted land or in direct proximity to
sources of pollution that threaten the physical and mental health of inhabitants.47
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•

Allow for the continuation of agricultural livelihoods. Suitable sites should have
similar agricultural conditions to the community’s original location, allowing the relocated
groups to transfer existing skills to their new environment and reconstruct their agricultural
livelihoods.48 Determinants of agroclimatic similarity include elevation, slope, ruggedness,
altitude, distance to rivers and seacoasts, rainfall, and temperature, as well as soil texture,
drainage, sodium content, acidity, and carbon content.49

•

Have adequate infrastructure and access to services. A suitable site should have
equal or superior infrastructure and access to services compared to the community’s
original location.50 Necessary infrastructure and services include access to roads, schools,
markets, hospitals or health clinics, and public transport.51 There also must be sufficient
access to electricity, clean water, sewers and drainage systems, telephone services, and
social services.52 Relocation sites should have low population densities so that the
displaced persons can be absorbed without overcrowding and depleting resources.53

•

Cultural compatibility. Stakeholders should consider the compatibility of the relocated
and host communities’ cultures when choosing a suitable relocation site. Certain locations
may be restricted because they have religious or cultural significance, which prevents
development, or problematic because of preexisting ethnic or religious tensions or
conflict.54

Though they outline the general characteristics of a suitable site, the frameworks do not address
how national governments, especially in LMICS, will identify such sites. For example, the
Peninsula Principles on Climate Displacement within States, a framework developed by
representatives from ten countries, suggests that states should monitor data on domestic climate
displacement to model future trends, locate communities threatened by climate change, and
identify possible relocation sites.55 However, the frameworks do not address the technological and
analytic prerequisites for identifying suitable sites, how LMICs will develop the technical capacity
required for monitoring and modeling, or how LMICs will fund this research.
While the international frameworks are intentionally broad to ensure wide applicability, states need
guidance on finding suitable sites for planned relocation. The United States has both the knowledge
and capacity to assist LMICs, and by doing so can minimize the economic and political cost of
climate change in key states, while establishing itself as a leader on global climate change
mitigation.

Geospatial Technology and Relocation: An Opportunity for U.S.
Climate Leadership
The United States can help mitigate the social and economic impact of climate change through
relocation assistance partnerships with LMICs. These partnerships would combine American
geospatial expertise and technology—namely satellite imagery and geographic information
systems—with granular data provided by the LMIC.
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The Capabilities of Geospatial Technology
Geographic Information Systems (GIS) technology has several applications that can aid in finding
suitable relocation sites for climate migrants. GIS can use data inputs, such as satellite imagery, to
display spatial patterns that are otherwise difficult to visualize.56 Geospatial analysis can help with
planned relocation in the following ways:57
•

Climate assessments. GIS can reveal
declining human habitability due to climate change
and afford policymakers the opportunity to
mitigate the impact of climate change on rural,
agricultural
communities
susceptible
to
displacement.58 GIS can use time-lapse satellite
imagery to monitor long-term environmental
changes, including sea level rise and
deforestation.59 GIS also can use geospatial data to
model future environmental change, such as
natural
disaster
frequency,
changes
in
60
precipitation, and flooding. Thus, these models
can help stakeholders identify suitable sites, as well
as communities at risk for climate displacement. 61

•

Agriculture, vegetation and water sources.
Through satellite data, GIS can estimate
agricultural productivity and aid water resource
management in areas of the world where data is
scarce.62 Use of geospatial methods has led to
improvements in horticulture, agroforestry, and
even increases in milk yield from livestock.63 For
example, satellite maps alerted stakeholders in
Mauritania and Senegal to pasture deficits similar
to those that left 5 million people food insecure in
2017.64 GIS and satellite imagery can therefore
ensure relocated agricultural communities can
continue their livelihoods and that their agricultural
production is sustainable.65

•

Infrastructure. Geospatial technology can identify
and map infrastructure (e.g., electrical grids, schools,
and hospitals).66 GIS analysis can also use satellite
inputs to determine where land has been converted to
commercial or residential use, to facilitate the
improvement of infrastructure.67 This technology has
aided transportation planning and operations, traffic
and
congestion
management,
and
telecommunications systems planning, improving
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the productivity of these systems while increasing access.68 Geospatial data can further
help stakeholders find suitable sites for relocation by ensuring relocated communities have
adequate access to infrastructure and utilities.
A suitability analysis, which identifies a preferred location given a set of criteria, would be
particularly helpful for locating relocation sites. A suitability analysis synthesizes cartographic or
survey data, photographic data, digital data, and spreadsheet data into a single map.69 By
integrating diverse inputs, this analysis can systematically evaluate more factors than a human
could.70 For example, a suitability analysis for the relocation of farmers affected by pollution in
China integrated 17 variables that were weighted differently.71 Moreover, a suitability analysis is
less costly than a land survey and can analyze a larger geographic area more quickly.
Relocation assistance partnerships would allow the United States and local partners to marry
remote sensing data with local knowledge. Local knowledge is important for determining site
suitability as it can provide insight into the cultural significance of land, ethnic divisions, and
historical community tensions, among other factors. Partnerships with local institutions can
facilitate necessary data-sharing between the United States and LMICs, ensuring that relocation
planning incorporates all essential perspectives and variables.

Demonstrating the Potential of Geospatial-Enabled Relocation: West
Bengal, India
The Sundarbans in West Bengal, India have a high risk of climate displacement and are an ideal
candidate for relocation assistance. By identifying regions with similar agricultural conditions in
West Bengal, geospatial technology could help the United States and its partners locate potential
suitable relocation sites.

Indian Sundarbans: A Case of Climate-Induced Displacement
The Indian Sundarban islands on the India-Bangladesh border face extreme environmental
change.72 Sea level rise is a particular threat, with several islands already submerged and soil
salinization reducing agricultural productivity.73 The islands also experience roughly one severe
cyclone per year.74 In May 2020, the Sundarbans were hit by cyclone Amphan, which impacted
108,000 farmers.75 Estimates suggest it will be five years before rice cultivation recovers due to
soil salinization and crop destruction.76 Within that time, it is likely that the Sundarbans will
experience another severe storm, further delaying recovery.
Strategies to mitigate environmental impacts in the Sundarbans, such as embankments and
disaster-relief aid, have had little success.77 The region already has high levels of out-migration,
with one in five households having at least one family member leave.78 This trend is expected to
accelerate due to increasingly frequent severe storms, as well as the slow recovery process. Climate
displaced persons from the Sundarbans typically move to the rapidly expanding slums of Kolkata,
where the population is expected to increase from 14.1 million to 23 million by 2030.79
9

Climate experts and economists advocated a planned retreat in the Sundarbans—a relocation to an
adjacent area that is relatively more environmentally stable.80 However, a local retreat of
communities in the Sundarbans would not completely mitigate the environmental risks they face.
It would instead delay the inevitable need to move to a more stable location—thus a total relocation
is necessary.

A Preliminary Geospatial Suitability Assessment
The following suitability analysis highlights the ability of GIS to identify potential relocation sites
based on agricultural conditions. The analysis identifies suitable sites for rice cultivation, one of
the primary livelihoods in the Sundarbans. Further models for this case should focus on multiple
factors, including infrastructure, access to services, future climate risk, salient social cleavages,
and population density.
The suitability analysis includes five variables previously shown to determine optimal locations
for rice production: (1) nutrient availability, (2) elevation, (3) slope, (4) annual precipitation, and
(5) current land cover.81
The Indian Sundarbans are located along the coast at the bottom right corner of the map,
highlighted in red. Darker shades of green indicate greater suitability for rice production. As
depicted on the map, similar or higher levels of rice suitability are located northwest of the
Sundarbans and in the northernmost regions of West Bengal. These locations are inland and
relatively more protected from sea level rise and cyclones. This preliminary single-factor
assessment demonstrates the promise of GIS technology for relocation planning.
Figure 2: Suitability analysis for rice production in West Bengal, India82
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Social Considerations Beyond Quantitative Analysis
A multi-dimensional suitability assessment must also consider social and ethical concerns related
to potential relocation sites, such as the presence of a contested religious site or regions with high
rates of ethnic conflict. Local communities have unique knowledge that, when combined with
geospatial analysis, will improve relocation outcomes.
For the relocation of Sundarban communities, stakeholders should consider additional factors,
such as religion, caste, and language.
•

Religion. Hindu-Muslim relations in India are tense. As both Hindus and Muslims reside
in the Sundarbans, it is important to consider the religions of the relocated and host
communities, as well as trends in sectarian conflict.83 Local partners can provide insight
into which regions have more religious significance and the potential for religious conflict.

•

Caste. In India, caste discrimination and violence are most pronounced in rural
communities—the same communities where environmentally vulnerable, agriculturally
dependent communities are likely to be relocated to prevent mass urbanization.84
Therefore, it is important to consider the castes of the relocated and host communities, as
well as historical tensions when choosing relocation sites.

•

Language. There are more than four Bengali dialects spoken in West Bengal and more
than 121 languages spoken across India.85 Sharing a language with the host community
would substantially ease the transition of the relocated population. On-the-ground partners
can facilitate communication given their knowledge of local languages and legitimacy
within the host communities.

Although satellite imagery is valuable in determining site suitability, it must be paired with local
data and community consultation. Relocation assistance partnerships can help enable the
integration of multiple sources and types of data, namely quantitative (e.g., remote sensing data)
and qualitative (e.g., household surveys) georeferenced data.

Implementing Relocation Assistance Partnerships
“The potential development applications and opportunities associated with satellite data,
ML [machine learning], and social networks are best harnessed when they are deployed
with partners in low- and middle-income countries,”
— Ariel BenYishay, AidData 202086

President Biden issued an executive order on February 4, 2021 calling for strategies to protect and
resettle individuals displaced by climate change.87 This executive order encouraged U.S.
government collaboration with other countries and non-governmental organizations when
responding to climate-induced migration.88 Relocation assistance partnerships are the low-cost,
high-reward opportunity the United States is looking for. By extending its technical expertise to
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partners in LMICs for relocation, the United States can position itself as a leader on climate change,
while promoting stability and climate resilience on local, national, and international levels.
To create effective partnerships and protect vulnerable populations, it is necessary to choose the
right in-country partners. The role of the United States is not to dictate relocation in LMICs, but
rather assist partners that have a demonstrated climate vulnerability and need for relocation.
Existing partnerships with high-capacity local institutions are the ideal foundation for a relocation
assistance partnership. AidData, for example, is working to train the Ghana Statistical Service in
how to use satellite imagery and machine learning to obtain poverty data for areas not captured by
the Ghanaian census to help measure poverty over time and geographic space.89
Once partners are identified, relocation assistance initiatives should focus on three objectives:
1. Seeking community input and local engagement. Local communities provide
essential cultural knowledge. Qualitative surveys and georeferenced data are important
mechanisms for engaging locals and gathering data on factors U.S. researchers may have
overlooked. This locally sourced information can then be married with American
geospatial expertise to create comprehensive, data-driven solutions. Incorporating local
expertise into the process will help ensure the long-term sustainability of the relocation and
protect the rights of both the relocated and host populations.
2. Developing local human capital. Relocation assistance partnerships should develop
local capacity for geospatial analysis. Training programs can be a significant financial
burden on LMICs. The United States, therefore, can ease this burden until local partners
are able to independently monitor the success of relocations and plan future relocations.
This development of human capital has the potential to spill over into other sectors,
augmenting a country’s skilled labor force and economic productivity.
3. Imparting norms. These partnerships can impart norms regarding ethical data analysis
and the humane treatment of vulnerable populations. For data analysis, it is imperative to
avoid introducing bias into the model, such as favoring land owned by decision-makers
and their associates. Further, relocation should not unjustly target, afford a worse standard
of living, or give fewer rights to climate displaced populations than other groups. These
norms can extend beyond relocation partnerships and shape local stakeholders’ responses
to other governance challenges.
Through relocation assistance partnerships, the United States will be able to reduce the burden of
planned relocation on vulnerable countries, while developing local human capital and promoting
norms of objectivity in analysis and protection for vulnerable communities. These partnerships
will not only mark a significant advance in the United States’ pursuit of a global climate leadership
position and benefit domestic industries, but also lead to better outcomes for environmentally
vulnerable communities worldwide.
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Conclusion
As the threat of climate change becomes increasingly evident, so too will the need for action and
international leadership. The United States has an opportunity to assist with mitigating the negative
social and economic effects of climate change in vulnerable countries. Relocation assistance
partnerships marry U.S. geospatial expertise with local knowledge to help governments in LMICs
adopt a planned approach to climate-induced internal migration. Critical to this planned approach
is identifying sustainable sites for migrants to rebuild their livelihoods. GIS, remote sensing, and
local knowledge are critical for identifying those sites. Equally critical are international
partnerships that bolster LMICs capacity for planning.
The demand for geospatial-informed climate resilience exists. Now, the United States has to
capitalize on its existing capabilities through the promotion of relocation assistance partnerships.
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