JULY 2026

Climate Migration
Indicators: A

Design approaches and applications

Chaeyeon Han and Karen Chapple

Georgia Tech
Center for Urban
Resilience and Analytics

& :
aa% UNIVERSITY OF SCHODL o ,
& TORONTO | OF CiTis S GI"




Climate-induced displacement,
resettlement, adaptation, and
resilience for cities

CIDRARC

CIDRARC is the Global Research Network on Climate-Induced Displacement, Resettlement, Adaptation,
and Resilience for Cities, a research partnership, hosted by the School of Cities, that connects a team of

international social and physical scientists and practitioners to refine our understanding of human
decisions about adaptation and migration, as well as the adaptive capacities of different groups and
infrastructures across contexts. The goal of CIDRARC is to build greater understanding of how climate
displacement plays out in different contexts based on the interplay of individual and institutional
perceptions and management of risk. Our objectives are thus:

e toidentify how local embodied knowledge in urban regions informs climate adaptation through the

lens of displacement in different contexts;

¢ to develop new measures of climate migration;

¢ tobuild communities of practice and tools to help different types of cities, from core to periphery,
cope with climate displacement and its related inequities and vulnerabilities.

CIDRARC emerged in 2023 out of two workshops funded by a SSHRC Connections Grant and led by the
University of Toronto’s School of Cities and Boston University’s Initiative on Cities.

Author biographies:

Chaeyeon Han is a doctoral student at the
Georgia Tech School of City and Regional
Planning. She is a graduate research assistant at
the Center for Urban Resilience and Analytics. She
earned a Master’s degree in urban planning
(2022) from the University of Illinois at Urbana-
Champaign, and a B.S.E. in Computer Science and
Engineering (2020) from Yonsei University, South
Korea. Han’s research interests include urban/geo
Al, urban data science, urban analytics, data
visualization, cyberGIS, human mobility analytics,
disaster resilience, climate displacement and
migration, and virtual reality/augmented reality
applications.

Karen Chapple, PhD, is the director of the School
of Cities and professor in the Department of
Geography & Planning at the University of
Toronto, and also professor emerita of City and
Regional Planning at the University of California,
Berkeley. She studies inequalities in the planning,
development, and governance of regions in the
Americas, with a focus on economic
development, housing, climate, and migration. In
2023 she received the Sir Peter Hall Award for
Lifetime Contribution to the Field from the
Regional Studies Association. Dr. Chapple holds
degrees in urban studies and city planning from
Columbia University, Pratt Institute, and UC
Berkeley.



CIDRARC: Climate Migration Indicators

Abstract

Climate change is increasingly reshaping human mobility, yet the tools used to measure
and anticipate climate-related migration remain fragmented across research and policy
domains. This paper reviews existing climate migration indicators with a focus on how they
are conceptualized and applied in policy settings. We organize indicators into three
categories based on their focal perspective: origin-based displacement risk indicators,
destination-focused in-migration indicators, and flow-based indicators that capture
population movement between origins and destinations. Drawing on global, national, and
city-level case studies, we examine the modeling approaches, data sources, geographic
coverage, spatial and temporal scales, and policy uses associated with each category. The
review highlights that most indicators are not designed for precise prediction, but rather to
support anticipatory planning, scenario planning, and prioritization of support programs
under uncertainty. The existing indicators are increasingly used in domains such as disaster
risk mitigation, planned relocation, resource allocation, and labour management, yet they
often simplify migration dynamics by overlooking social networks, immobility, and
feedback loops between sending and receiving regions. Future progress lies less in
improving predictive accuracy and more in aligning indicator design with specific policy
objectives. Scenario-based frameworks, using standardized climate and socioeconomic
pathways, and explicit treatment of uncertainty, may most effectively advance climate
migration indicators as effective decision-support tools.

Climate migration, climate displacement, receiving communities, scenario planning
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Executive summary

Climate change is increasingly reshaping patterns of human mobility across the globe.
Rising temperatures, sea-level rise, drought, floods, and extreme weather events are
influencing when, where, and whether people move. At the same time, policymakers are
seeking tools that allow them to anticipate and prepare for these mobility shifts rather than
respond only after displacement has occurred. Climate migration indicators have emerged
as one such tool. This report reviews the conceptual foundations, methodological
approaches, and policy applications of existing climate migration indicators and identifies
priorities for their future development.

Traditional approaches to measuring climate-related mobility rely heavily on post-disaster
displacement counts or migration statistics recorded after movement has taken place. While
valuable, these data support primarily reactive humanitarian responses. Climate migration
indicators, by contrast, aim to identify exposure, vulnerability, and migration pressures
before large-scale displacement occurs. As a result, they are increasingly used to support
anticipatory governance, including disaster preparedness, planned relocation,
infrastructure planning in receiving communities, and labour market alignment.

However, the existing landscape of climate migration indicators remains fragmented.
Indicators vary widely in their conceptual assumptions, spatial scales, data inputs, and
policy purposes. Rather than converging toward a single standardized metric, the field is

evolving as a diverse toolkit adapted to different decision contexts.

This report addresses four central questions:

Which climate migration processes are measured through indicators?
Which environmental and social factors do indicators incorporate?
What conceptual gaps remain in current indicator systems?

How are indicators used in policy practice?
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Climate migration indicators can be grouped into three broad categories depending on their
analytical focus: origin-based displacement risk indicators, destination-based in-migration
indicators, and flow-based indicators tracking population movements between locations.

Origin-based indicators are the most widely used. These models estimate the likelihood
that populations will leave areas exposed to climate hazards such as flooding, drought, or
sea-level rise. They typically combine hazard exposure with measures of vulnerability,
including housing quality, livelihoods, demographic structure, and adaptive capacity.
Examples include the Internal Displacement Monitoring Centre’s Global Displacement Risk
Model and Federal Emergency Management Agency’s (FEMA) Hazus platform in the United
States. These indicators are especially useful for identifying displacement hotspots and
prioritizing adaptation investments.

Destination-based indicators focus instead on the characteristics of places likely to
receive migrants. These tools help governments anticipate infrastructure demand, housing
pressure, and potential social conflict in receiving areas. Examples include the World Bank’s
Groundswell projections and the PLACE Initiative’s Climate Receiver Places framework in
the United States. Such indicators are particularly valuable for long-term spatial planning
and urban preparedness, but often simplify migration dynamics by treating destination
attractiveness independently from origin conditions.

Flow-based indicators track migration between origins and destinations using
administrative migration datasets, mobility traces, or statistical modeling. Although less
common due to data limitations, these approaches provide the most comprehensive view of
population redistribution. Internal Revenue Service migration data in the United States and
asylum-flow datasets compiled by the United Nations High Commissioner for Refugees
(UNHCR) are frequently used examples. Flow-based indicators are especially important for
regional coordination and long-term planning but remain difficult to implement in many
vulnerable regions.

Together, these three approaches provide complementary insights into climate migration
dynamics. No single category captures the full migration process.
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Climate migration indicators are increasingly incorporated into planning frameworks
across multiple policy domains. First, they support disaster preparedness and displacement
reduction strategies. Governments use origin-based indicators to identify vulnerable
communities and prioritize investments in early warning systems, protective infrastructure,
and livelihood stabilization. Bangladesh’s Delta Plan 2100, for example, identifies
displacement hotspots and links them to targeted adaptation interventions.

Second, indicators inform planned relocation and managed retreat policies. Countries such
as Fiji apply structured indicator frameworks to determine which communities should
relocate and where they should move. These frameworks combine hazard exposure,
infrastructure access, land tenure feasibility, and community consent criteria.

Third, indicators contribute to resource allocation and conflict prevention in regions
experiencing climate-related migration pressures. In Chad, migration indicators are used in
water sector planning to anticipate competition between farmers and pastoralists. In the
United States, the PLACE Initiative evaluates communities’ readiness to receive climate
migrants and identifies gaps in housing and services.

Fourth, indicators are increasingly used in monitoring and regional coordination efforts.
Regional organizations such as The Association of Southeast Asian Nations (ASEAN) are
developing standardized displacement tracking protocols to support joint disaster response
and migration governance.

Finally, climate migration indicators support labour market planning by estimating future
migration flows and aligning workforce development strategies with emerging economic
needs. Programs in cities such as Monrovia and Freetown demonstrate how migration
projections can guide investments in green employment sectors.

Across these domains, indicators function less as predictive tools and more as decision-
support instruments that help governments prepare for plausible future mobility scenarios.
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Despite rapid development, current climate migration indicators face several important
limitations. Most indicators emphasize hazard exposure while underrepresenting social
drivers of migration such as labour markets, migration networks, perceptions of
environmental risk, and institutional conditions. As a result, they risk oversimplifying
migration decision-making processes. Indicators also frequently overlook immobility, or
situations in which populations are unable to move despite exposure to climate stress.
These “trapped populations” represent a critical policy concern but remain difficult to
measure systematically. Another limitation concerns the treatment of migration as a binary
event. Many individuals migrate in stages, move temporarily, or circulate between locations
rather than relocating permanently. Existing indicators rarely capture these complex
trajectories. Spatial resolution presents an additional challenge. Although most climate
migration occurs over short distances, many indicator systems operate at national or
regional scales, masking local patterns that are essential for planning. Finally, data
availability remains uneven across regions most vulnerable to climate change. Many
countries lack reliable migration-flow datasets, limiting the development of flow-based
indicators and constraining model validation.

Unlike epidemiology or macroeconomic forecasting, climate migration research does not
yet rely on a standardized modeling framework. This reflects not only the early stage of the
field but also the inherently context-dependent nature of climate-related mobility.
Different policy objectives require different indicators. Tools designed to identify
displacement hotspots differ fundamentally from those needed to plan receiving-
community infrastructure or forecast labour market impacts. Rather than seeking a
universal metric, policymakers benefit from a portfolio of complementary indicators
tailored to specific decision contexts. In this sense, the prevalence of partial indicators
should be understood as a strength rather than a weakness. Scenario-based tools such as
the Groundswell model demonstrate how indicators can support anticipatory governance
even when predictive certainty remains limited.
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Future progress in climate migration indicators is likely to come from improving alignment
between indicator design and policy application rather than increasing predictive accuracy
alone.

Several priorities emerge from this review:

e improving integration of social, economic, and institutional drivers of migration;

e incorporating immobility and constrained mobility into indicator frameworks;

¢ increasing spatial resolution for local planning applications;

e expanding migration-flow datasets through administrative and mobility-trace data;

e strengthening cross-model validation and benchmarking;

e developing standardized reporting of uncertainty and model assumptions;

¢ linking origin and destination indicators within integrated regional planning systems.

Scenario-based approaches that use shared climate and socioeconomic pathways offer
particular promise for supporting policy comparison across alternative futures.

Climate migration indicators are becoming essential tools for managing climate-related
mobility risks. Although no single indicator can capture the full complexity of migration
processes, existing approaches already support a wide range of planning applications,
including disaster preparedness, relocation strategies, infrastructure investment, labour
market alignment, and humanitarian response. The most effective future indicators will not
aim to predict migration precisely. Instead, they will support flexible decision-making
under uncertainty by identifying migration pressures, highlighting vulnerable populations,
and enabling governments to prepare both sending and receiving regions for climate-driven
population change.
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1: Introduction

A wide range of climatic factors, including natural disasters, rising temperatures,
decreasing agricultural productivity, and sea-level rise, are reshaping human mobility
patterns. Between 2015 and 2024, nearly 265 million people were displaced due to
disasters.' The population that moved due to disaster, monitored globally since 2008, has
reached record highs in recent years.? An estimated 45.8 million people were displaced by
disaster across 168 countries in 2024, including high-income countries, such as the U.S.
with 11 million and Japan with over 64,000 displaced individuals.® Nearly one quarter of the
global displaced population originated from Southeast Asia, where the number almost
tripled from that of the year before.* The Americas had more displaced individuals than the
five previous years combined — 80 percent driven by hurricanes, alongside droughts and
wildfires.® Beyond sudden shocks, slow-onset climate impacts are also expected to drive
large-scale mobility, with the World Bank’s Groundswell report estimating up to 216 million
climate migrants by 2050, primarily linked to agricultural and environmental change.®

While many of these movements occurred in response to pre-emptive evacuation orders
and therefore were purposeful adaptations to sudden and slow-onset disasters, the financial
and social costs of migration remain significant. The “sending” areas that lose population
forfeit economic capacity and social capital , and population influx, whether sudden or
consistent, can strain public infrastructure and services in “receiving” areas, disrupt
livelihoods and social networks, and exacerbate existing inequalities.” Even after
resettlement, migrant workers are more vulnerable to physical and mental health risks due
to stress from migration, loss of social ties, interrupted education, and lower wages.®
International migrants may face additional challenges such as linguistic isolation and
reluctance to seek medical treatment due to fear of xenophobia and deportation.’

'IDMC, "Disasters Triggered Nearly 265 Million Forced Movements."

2IDMC, 2025 Internal Displacement.

3 Ibid.

*Tbid.

> Ibid.

¢ Clement et al., Groundswell Part 2.

" Clark-Ginsberg, Chandra, and Becerra-Omelas, "Capacities of Health Systems;” Davis, Elliot, and Teles, Labor Markets;
Drew and Jakabovics, Housing Markets.

8 Clark-Ginsberg, Chandra, and Becerra-Ormelas, "Capacities of Health Systems;” Clark-Ginsberg et al., "Social Vulnerability;"
Hamideh, Sen, and Fischer, "Wildfire Impacts;" Laney et al., "Climate Change, Migration, and Health;" Nolas et al., "Refugee
Mental Health;" Paul, Galasso, and Baker, "Displacement and Return."

° Laney et al., "Climate Change, Migration, and Health;" Malmusi, Borrell, and Benach, "Migration-Related Health
Inequalities."
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Furthermore, environmental change combined with socioeconomic vulnerability generates
additional environmental pressures at both origins and destinations, reinforcing feedback
loops between migration and environmental change."

Recognizing the growing scale of climate migration and the associated risks, international
policy frameworks have incorporated objectives for anticipating and preparing for climate
migration.'' For example, the 2018 Global Compact, as the first intergovernmental
agreement on all international migration, explicitly stated governmental objectives to
“establish systems for sharing information on environmental migration, develop climate
adaptation and resilience strategies harmonized at sub-regional and regional levels” and
“facilitate migrants’ ability to contribute to sustainable development”.'? The 2030
Sustainable Development Goals (SDGs) and the Sendai Framework for Disaster Risk
Reduction also contain multiple goals and targets that suggest migration as a way of
fostering development, and therefore a phenomenon to be addressed by international
agencies."”

More recently, three of the 59 adaptation indicators adopted at COP30 included climate
migration:' (1) “Number of people per 100,000 supported in planned relocation processes
in response to water-related hazards, where adaptation measures were taken to ensure
safety of populations,” (2) “Proportion of infrastructure and human settlements vulnerable
to climate-related hazards and other extreme events relocated to a safer location,” and (3)
“Percentage of the population in a country exposed to or at risk from climate-related
disasters protected through pre-emptive evacuation measures following early warnings.”

Given this growing policy attention, there is a need for systematic climate migration
indicators in order to move beyond a reactive concept that is recognized only after
displacement has occurred, to a proactive concept — a measurable process that can be
anticipated, managed, and mitigated. When climate migration is measured only through
counts of displaced people after disasters, policy responses tend to be reactive and
humanitarian in nature. Indicator-based approaches, by contrast, support proactive
planning, such as managed retreat, planned relocation, self-determination, and destination
preparedness, by identifying where climatic factors are likely to result in migration and who
is most vulnerable. This reframing is essential for treating climate migration not as a failure
of adaptation, but also as a potential adaptation strategy that can be supported rather than
suppressed.

% de Sherbinin et al., "Rural Household Demographics;” Foresight, Migration and Global Environmental Change; Thober,
Schwarz, and Hermans, “Agent-Based Modeling.”

" IPCC, Climate Change 2022.

210M, Global Compact for Safe Migration.

B IDMC, 2025 Internal Displacement.

"10M, "Risk Index for Climate Displacement."
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This work, in response, asks the following four research questions:

1.Which climate migration processes are measured through indicators?
2.Which environmental and social factors do existing indicators incorporate?
3.What are the conceptual gaps found in current indicators?

4.Which indicators are applied in policy contexts, and why?

Many models and indicators of climate migration already exist, varying widely in their
conceptual foundations, data sources, spatial and temporal scales, and intended
applications. Several recent review studies provide important foundations for this work but
it remains unclear which dimensions of climate migration are most frequently measured,
which environmental and social factors are neglected, and how well current indicators align
with policy needs. For example, Schewel et al. (2024) review climate migration forecasting
models, emphasizing model design and predictive capacity. Their work focuses on the
strength of scenario analyses in policy adoption due to their ability to provide various what-
if scenarios that allow governments to prepare for multiple outcomes. Yet, their work
focuses primarily on forecasting future migration rather than on the construction of
indicators derived from historical or observed patterns, and it offers limited discussion of
how models are operationalized in policy settings. Similarly, Helbling et al. (2023) review
empirical studies measuring international and internal climate migration, highlighting
challenges related to data validity, the need to account for longer-term and more complex
migration trajectories, and the importance of incorporating individual vulnerability and
how climate migration affects origins and destinations. However, their review is largely
confined to academic literature, does not systematically examine indicator-based
approaches, and gives limited attention to how existing measures are used in policy
practice.

This work contributes to closing these gaps by (1) systematically reviewing climate
migration indicators that span both forecasting-based approaches and indicators grounded
in historical or observed migration patterns; (2) examining how these indicators have been
applied in policy and planning contexts; and (3) comparing their respective roles, strengths,
and limitations for policy adoption. By doing so, this review lays the groundwork for the
development of a composite climate migration indicator that is both empirically grounded
and policy relevant.

12
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2: What do climate migration indicators measure?

Many prior studies note the inconsistent use of terminologies in climate migration research
and the importance of defining key concepts."® Having clarity in definitions is critical in the
context of creating indicators, as these measures are increasingly used beyond academic
research, including in legal, policy, and planning applications.

In this review, the term “climate migration” refers broadly to all forms of change in habitual
place influenced by climate-related factors. This includes movement induced by both
sudden-onset events (e.g., floods, hurricanes, wildfires) and slow-onset processes (e.g.,
drought, sea-level rise, erosion), as well as the direct and indirect impacts of these
phenomena (e.g., crop yield reduction, increasing illness due to rising temperature).
Notably, there is no known qualification of minimum distance or duration to be considered
as climate migration. Climate migration encompasses movements that are voluntary or
involuntary (classified by the aspiration to move),'® temporary or permanent, and internal
or international (also referred to as cross-border or transboundary migration). This also
includes migrants’ ability to move, thus including the phenomena of not being able to leave
their place of residence even with the aspiration to move (i.e., immobility or
emplacement)."’

A longstanding debate exists over whether to label climate-related mobility climate
“displacement” or “migration.” The term displacement, by definition, often implies
involuntariness and may exclude individuals who move preemptively or by choice.'® Yet
voluntariness itself is difficult to validate empirically (in the absence of primary data). For
this reason, and because this review includes indicators and models that account for both
voluntary and involuntary movements, we adopt the broader and more inclusive term,
climate migration.

Climate migration should also be distinguished from environmental migration, a broader
concept that encompasses mobility driven by environmental changes not necessarily linked
to climate change, such as pollution, land degradation unrelated to climate processes, or

" Esnard and Sapat, Displaced by Disaster; Greer, Household Residential Decision-Making; Mitchell, Esnard, and Sapat,
"Hurricane, Displacement, and Sheltering;" Paul, Galasso, and Baker, "Displacement and Return."

16 Carling and Schewel, "Revisiting Aspiration and Ability;" Schewel et al., “Predict Climate Migration.”

' Rufat and Kuhlicke, “Climate Captivity;” Schewel et al., “Predict Climate Migration.”

8 Of note, the IPCC report tends to use the qualifier “involuntary” when referring to climate displacement (IPCC, Climate
Change 2022).
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sand and dust movement. Another term used in the literature is disaster displacement, which
often focuses narrowly on movements triggered by immediate hazards and excludes slow-
onset processes."’

The United Nations Office for Disaster Risk Reduction’s (UNDRR) Words into Action
Guidelines on Disaster Displacement recommend tracking several dimensions, including:
(1) location and needs over time, (2) conditions in places of origin, (3) intentions regarding
durable solutions, (4) access to basic services, (5) access to recovery assistance, and (6)
socioeconomic characteristics.”® Among these dimensions, this review places particular
emphasis on three core questions that are most relevant for climate migration: (1) Where
do people go? capturing destination patterns and population redistribution; (2) Where are
they coming from? reflecting conditions and vulnerabilities in origin areas; and (3) Who are
they? focusing on socioeconomic characteristics and unequal mobility outcomes. In
general, we do not include scorecards in this review, since these systems are static, failing to
incorporate either feedback loops or behavioural patterns.

Recognizing the threat, several national and international entities already collect data on
climate migration. This empirical evidence on climate-induced population movements
serves as references for humanitarian response and policy adoption. Importantly, the
existence of such databases does not eliminate the need for climate migration indicators.
While databases record realized migration or displacement events, indicators function as
proxies that capture underlying exposure, vulnerability, and probability of migration often
in contexts where direct observations are incomplete, delayed, or unavailable.

At the global scale, available databases include the International Organization for
Migration’s (IOM) Displacement Tracking Matrix,* which monitors population
displacement associated with conflicts, disasters, and climate-related shocks, as well as the
International Migration and Global Bilateral Migration Databases, documenting aggregate
flows between countries.” The Organisation for Economic Co-operation and Development
(OECD) provides an annual dataset on international migration stocks and flows in OECD
countries based on foreign population and inflows of asylum seekers.” These sources
provide valuable insights into the magnitude and direction of migration, but they are
typically limited to formally registered movements and often lack temporal and/or spatial
granularity.

YIPCC, Climate Change 2022.

210M and IMDC, Displacement Indicators for DRR.

21 TOM, "Indicators Defined at COP30."

22 UN, “International Migration;” World Bank, Global Bilateral Migration.
% OECD, "Migration Flows and Migrant Populations.”
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At the country level, the Philippines’ Disaster Response Operations Monitoring and
Information Center (DROMIC), managed by the Department of Social Welfare and
Development in coordination with the National Disaster Risk Reduction and Management
Council, produces situation reports (SitReps) that offer detailed and near-real-time
information on disaster-induced displacement.* These reports document, among other
indicators, the number of evacuation centres activated, the number of displaced persons
and families inside evacuation centres, and those displaced outside formal shelters.
Similarly, Brazil’s Integrated Disaster Information System compiles administrative records
on disaster impacts and displacement at the national level.” Furthermore, in the U.S.,
mapping of Federal Emergency Management Agency (FEMA) flood buyout programs reveals
where participants of the program chose to relocate to, providing insights on post-disaster
destination choice and (im)mobility patterns beyond short-term displacement.?

However, there are several challenges that underscore the need for climate migration
indicators. Collecting empirical climate migration data is often survey-based or reliant on
individual reporting, making it costly and uneven across regions. Moreover, migration
decisions are inherently multi-dimensional. Individuals may be indirectly affected by
climate stressors through livelihoods, health, or social networks, and may not self-identify
climate change as a primary driver of migration. As a result, climate migration could be
frequently underreported or misclassified. In addition, many displacement and migration
databases provide limited information on destinations, return movements, or longer-term
resettlement trajectories, limiting their usefulness for anticipatory planning. Indicators
complement existing databases by enabling forecasting, spatial comparability, and the
identification of potential migration hotspots, even in contexts where observed migration
data are sparse or unavailable.

Zf IOM and IMDC, Displacement Indicators for DRR.
% Tbid; Minister of Regional Development, Brazil, "S2ID."
% Elliott, Local Buyout Areas.
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3: Existing approaches for climate migration
Indicators

Climate migration indicators can be organized into three categories depending on whether
the measurement focuses on the displacement risk at origins, attractiveness of destinations,
or population flows between origins and destinations. These three perspectives reflect
distinct but complementary ways of understanding climate migration.

The first category of indicator conceptualizes climate migration primarily as a function of
vulnerability and exposure at the place of origin, from which is derived the likelihood of
population being displaced (Section 3.2). This approach is by far the most common, applied
both in academia and national/international organizations. These metrics are useful for
predicting areas that are likely to experience out-migration or “sending” of population. In
essence, this assesses who is likely to be displaced based on hazard exposure, vulnerability,
and other risk factors. Because decisions about whether to move (i.e., binary choice of
moving vs. staying) are simpler to model than decisions about where to go (i.e., large N-
choices), origin-focused indicators are typically more straightforward to replicate and
validate compared to destination-based or flow-based models. However, a critical limitation
is that this approach does not provide information about where people are going next and
why, whether or when people would return, or whether they will attempt to stay in place. As
a result, these indicators provide only a partial picture of climate migration dynamics.

The second approach focuses on capturing the attractiveness of destinations, or the
“receiving” places (Section 3.3). This type of measure is critical for areas that have a higher
probability of experiencing a sudden or gradual population influx under various climate
scenarios, hence should be prepared for additional infrastructure demands and social
conflicts. Compared to the origin-focused indicators, destination-focused models face the
added complexity of predicting where migrants may choose to relocate from. Most
approaches therefore concentrate on characteristics of the destinations themselves, such as
climate risk levels, economic conditions, and infrastructure supplies, rather than fully
modeling the two-way dynamics between origins and destinations. Further complicating
predictions from both sending and receiving areas is that they may overlap when climate
migrants relocate close to home.

16
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Furthermore, climate migration can be measured based on observed or estimated
population changes or flows between regions (Section 3.4). These models capture how
much movement occurs, between which regions, and under what conditions. They rely on
migration flow datasets, administrative microdata, mobility traces, or machine learning
methods capable of distinguishing climate-induced flows from baseline migration patterns.
While flow-based indicators offer the richest information, they are also the most data-
intensive. Many regions most vulnerable to climate change lack reliable historical
migration flow data, making it challenging to calibrate or validate such models.
Nevertheless, when high-quality data are available, flow-focused indicators can reveal
detailed patterns of mobility that neither origin-only nor destination-only indicators can
capture.

The following sections explain the indicators included in each approach and compare how
they are applied in risk reduction policy, disaster response planning, and humanitarian
preparedness.

Indicators that measure displacement risk at origin are dominantly applied in disaster risk
reduction and response policy and academic literature, aligning closely with existing
disaster risk assessment frameworks. Indicators of climate migration as adaptation or
disaster impact are readily interpretable by governments, international organizations, and
humanitarian agencies. Moreover, this approach can be operationalized with simpler
assumptions than needed to determine destination choice, which is highly context-specific
and uncertain.”

Origin-based indicators take three different approaches: exposure models, agent-based
models, and statistical extrapolation models.

Exposure and vulnerability-based models primarily include factors related to climate risk
and vulnerability in the place of origin. A prominent example is the Internal Displacement
Monitoring Centre's (IDMC) Global Displacement Risk Model, which employs probabilistic
catastrophe modeling techniques to estimate future displacement risk associated with river
flooding, coastal flooding, drought, and tropical cyclone wind hazards.?® Drawing from

:27 Black et al., "Effect of Environmental Change;" IDMC, Global Disaster Displacement Risk; IPCC, Climate Change 2022.
% IDMC, Global Disaster Displacement Risk.
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catastrophe (CAT) modeling traditions commonly used in insurance and risk finance, the
model translates hazard intensity into expected physical damage and population
displacement.

Several research groups have adapted IDMC’s approach to predict displacement risks with
updated or regional datasets.” In 2019, a research group at ETH Zurich adapted IDMC’s
displacement risk model to predict probabilities of displacement.*® Kam et al. (2021)
implemented this platform to estimate the displacement probability from flooding,
assuming that displacement will occur if flooding is deeper than one metre.*! More recently,
Meiler et al. (2025) expanded the approach to include risk of drought, cyclones, and floods,
utilizing building exposure and population dependent on agricultural lands to model
physical building damage, loss of livelihoods, and resultant human displacement risk.*
While this method provides globally comparable estimates and scenario-based insights, it
primarily captures short-term, sudden-onset displacement risk from one possible event,
and does not explicitly account for longer-term adaptation or return migration dynamics.
Notably, despite utilizing the same CLIMADA platform, differences in key assumptions,
such as using one metre instead of one-half metre as the flood-depth threshold, can
substantially change estimated displacement risks.* This sensitivity is a limitation of
current indicator approaches and their potential utility for scenario planning, which itself
uses varying assumptions to derive a range of plausible outcomes.

Relatedly, the IDMC also publishes an Internal Displacement Index, which aggregates
multiple risk dimensions into a composite indicator to rank countries or regions by
displacement vulnerability.>* While their Global Displacement Risk model is designed for
forecasting the likelihood of displacement, the Internal Displacement Index is more
suitable for analysis of historical patterns and comparison between countries. However, the
reliance on aggregated indicators obscures heterogeneity in smaller geographic levels and
household-level decision processes.

In the U.S. context, FEMA’s HAZUS platform has been widely used to estimate displacement
risk indirectly through structural damage modeling.** Although HAZUS was originally
developed to assess losses from earthquakes, floods, tsunamis, and hurricanes, subsequent

Kam et al., "Global Warming and Population Change;" Meiler et al., "Natural Hazard Risk Modelling;" Qi et al., “China’s
Growing Human Displacement Risk;” Rossi et al., “Methodology for Probabilistic Flood Displacement.”

*'ETH Zurich, "CLIMADA."

3! Kam et al., "Global Warming and Population Change."

2 Meiler et al., "Natural Hazard Risk Modelling."

% Kam et al., "Global Warming and Population Change;" Ibid.

*IDMC, Internal Displacement Index 2021.

* FEMA, "Hazus."
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studies have translated estimated housing damage into population displacement numbers.
For example, French et al. (2008) shows how HAZUS can be repurposed for migration
analysis, though displacement estimates remain sensitive to assumptions about household
recovery behaviour and temporary versus permanent relocation.>

Agent-based models (ABMs) are behaviourally rich approaches to modeling climate
migration, explicitly simulating migration as an outcome of interactions among
households, livelihoods, social networks, and environmental stressors. Studies model
migration responses under various future climate scenarios, such as climate-induced crop
yield reductions,* long-term rainfall patterns,* and extreme weather frequencies.* Others
explore short-term mobility responses to sudden-onset disasters.*” While ABM studies
related to sudden-onset disasters may be less suitable for indicating migration trends, they
are particularly useful for understanding decision-making mechanisms.

Unlike exposure models, ABMs do not treat migration as an automatic response to
exposure, but as a contingent decision embedded in socioecological systems.*' Models
explicitly include feedback loops between environmental change and migration, such as
how prior migration alters resource scarcity or social ties, which in turn shapes future
migration decisions.* Furthermore, unlike aggregate indicators, ABMs can capture the full
spectrum of mobility dynamics, including temporary migration, circular migration, and
return migration.*

Despite these strengths, ABMs have limitations when designed to create standardized
climate migration indicators. Although ABMs provide detailed forecasting insights, they are
typically data-intensive, geographically constrained, and difficult to scale for national or
global policy applications. Moreover, since the agents only act based on a predefined set of
behaviours identified for specific areas, the model is biased toward what we already know
and may be unsuitable for various regional contexts. Therefore, while ABMs are particularly
valuable for exploratory policy analysis, their dependence on context and lack of
generalizability limit their direct adoption for standardized policy indicators.*

% French, Feser, and Peacock, "Quantitative Models of Social and Economic Consequences.”

%" Cai and Oppenheimer, "An Agent-Based Model of Climate-Induced Agricultural Labor Migration."

 Entwisle et al., "Climate Shocks and Migration."

* O'Neill et al., "Projecting Climate Migration in Bangladesh."

“0 Bhattacharya and Kato, "Development of an Agent-Based Model;" Costa, Haukaas, and Chang, "Predicting Population
Displacements."

“! Thober, Schwarz, and Hermans, “Agent-Based Modeling.”

“Ibid.

5 Schewel et al., “Predict Climate Migration.”
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Finally, statistical extrapolation approaches estimate climate-related displacement risk
using econometric, hierarchical, or gravity-based modeling frameworks. Rather than
simulating individual decision processes, these approaches infer migration responses based
upon statistical relationships between observed mobility patterns and environmental and
socioeconomic drivers, then extrapolating these relationships to unobserved places or
future scenarios. This class of models is particularly suited for large-scale analysis, where
consistent micro-level behavioural data are unavailable but comparative inference across
regions is required.

For example, Bayesian hierarchical gravity models allow migration flows to be estimated by
inferring from areas surrounding data-poor regions while still capturing regional variation
in climate sensitivity.* Cottier (2024) estimates future international migration flows across
countries in Africa under alternative climate and socioeconomic scenarios. Rather than
modeling individual migration decisions, the approach statistically links historical bilateral
migration flows to climatic variables (specifically crop yields and river discharge), economic
conditions, demographic trends, and migration networks, while accounting for
heterogeneity across origins, destinations, and migration corridors through hierarchical
random effects. Uniquely, they also included the presence of political violence within
country, using a publicly available conflict-related dataset called Uppsala Conflict Data
Program Georeferenced Event Dataset.* The objective of this framework is to assess
comparatively how migration pressures vary under different climate and development
trajectories. In this sense, the model functions as a projection that translates observed
historical relationships between climate variability and migration into standardized,
scenario-based measures of future migration risk that are comparable across regions and
time.

Similarly, Chen and Mueller (2019) employed econometric modeling to estimate cross-
border migration from Bangladesh to surrounding Southeast Asian countries and India,
linking household vulnerability to how flooding, monsoon, and soil salinization drive
migration. The estimated relationships between migration and environmental changes are
then used to assess how changes in climate conditions influence the likelihood of migration
under different exposure intensity.*” Although the model does not explicitly represent
destination choice mechanisms or migration duration, it provides a systematic way to
translate climate-livelihood interactions into quantitative estimates of migration risk.

* Thober, Schwarz, and Hermans, “Agent-Based Modeling.”

% Abel et al., "Climate, Conflict and Forced Migration;" Cottier, "Projecting Future Migration.”
*UCDP, Georeferenced Event Dataset.

* Chen and Mueller, "Climate-Induced Cross-Border Migration."
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Compared to agent-based models, statistical extrapolation approaches generally offer
greater scalability and generalizability, making them attractive for regional, national, or
global policy assessments.*® However, these approaches remain primarily origin-focused,
estimating the likelihood of out-migration rather than explicitly modeling destination
choices. As a result, many models lack information on the duration of mobility, making it
difficult to distinguish between temporary displacement, circular migration, and permanent
relocation.”

While statistical extrapolation approaches incorporate observed migration flows and
therefore contain more behavioural information than exposure-based indices, they
primarily capture average correlations rather than the underlying decision-making
processes of individuals. As a result, they are better suited for monitoring displacement risk
and identifying hotspots than for explaining migration behaviour.

Overall, displacement-risk indicators are particularly valuable for identifying climate
“hotspots” and prioritizing adaptation or protection measures. However, by design, they
offer limited insight into destination selection, redistribution of population, or return
migration.

A second type of climate migration indicators shifts attention from sending regions to
potential “receiving” areas, focusing on the attractiveness or resource capacity of
destinations. These indicators are especially relevant for policymakers in regions expected
to experience population influxes, as they identify areas with new infrastructure demand,
housing pressures, and potential social conflict with existing residents.

One example is the World Bank’s Groundswell Report,* which projects internal climate
migration across six World Bank regions (i.e., Sub-Saharan Africa, East Asia and Pacific,
South Asia, North Africa, Latin America, Eastern Europe and Central Asia) using a gravity
model. The Groundswell analysis focuses exclusively on slow-onset climate stressors, such
as water scarcity, declining agricultural productivity, and sea-level rise. It generates spatial
projections of in- and out-migration hotspots under alternative emissions and development
scenarios.” Rather than explicitly pairing origins and destinations, the model estimates net

“ Beyer, Schewe, and Abel, "Modeling Climate Migration."

* Black et al., "Effect of Environmental Change;" Boas et al., "Climate Migration Myths;" Schewel et al., “Predict Climate
Migration.”

%0 Clement et al., Groundswell Part 2.

> Scenarios include “pessimistic reference,” “more inclusive development,” and “more climate-friendly,” designed based on
two emission levels — RCP 2.6 low emissions and RCP 8.5 high emissions — and two development levels —unequal and
moderate.
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population change in regions. While this approach offers clear policy narratives at regional
and national scales, the IOM and IDMC criticize it for lacking foundations in micro-level
behavioural theories and failing to incorporate household-level vulnerability or decision-
making processes. >

The framework from the C40 Cities Climate Leadership Group and the Mayor’s Migration
Council (MMC) identifies climate in- and out-migration hotspots at the sub-city scale. Their
Future Urban Landscapes report introduces case studies of 10 cities that are likely to be
receiving places, with spatially disaggregated indicators within cities to highlight
neighbourhoods that are more likely to experience population inflows or outflows under
Shared Socioeconomic Pathway (SSP) and Representative Concentration Pathway (RCP)
scenarios.’® The model integrates multiple place-based factors, including exposure to
climate hazards, demography, economic conditions, and livelihoods, to map relative
pressures across urban areas.** The framework recognizes that receiving and sending places
can coexist within the same metropolitan area, with some neighbourhoods acting as in-
migration destinations while others experience out-migration.

At a finer spatial scale in the U.S. context, the PLACE Initiative’s Climate Receiver Places
Project measures destination attractiveness through a climate risk scorecard.* Using
composite indices derived from ProPublica and Four Twenty Seven climate risk datasets,
the project emphasizes relative safety from climate hazards, particularly heat and disaster
exposure, as a key attractor. Unlike global forecasting models, this is a community-based
planning tool, providing guidance for local governments to proactively prepare for climate-
driven population growth. However, its reliance on static hazard risk scores limits its ability
to capture dynamic migration flows, micro-level decision makings, social networks, or other
feedback effects between sending and receiving regions.*®

An alternative approach to destination-focused climate migration indicators uses
urbanization trends as a proxy for rural-urban internal migration.’” Changes in urban
population shares or urban growth rates are often interpreted as indirect evidence of
climate-driven mobility from rural areas, where livelihoods are more exposed to
agricultural stress, drought, and environmental degradation. While this approach could be
useful for identifying destination hotspots it may be overestimating climate migration, as
migration is not the only driver of urban growth.

2IDMC, 2025 Internal Displacement.

** Mayors Migration Council, Future Urban Landscapes.

* C40 Cities and ISF, Good Green Jobs.

% PLACE Initiative, "Receiver Places."

% Another such scorecard is the Relocation Suitability Index in Bukvic (2018).
*"Helbling et al., "Effect of Climate Change on Migration."
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In general, destination-focused indicators are a critical complement to displacement-risk
models, particularly for infrastructure planning. Yet most existing approaches simplify
migration dynamics by treating destination choice as a function of place characteristics
alone, without explicitly modeling the interaction between origin population’s
characteristics and the opportunities that destinations can offer.

The third type of indicator measures the population movement between origins and
destinations. This approach is less common due to limited data availability, but it is
increasingly becoming important in policy applications, primarily in contexts requiring
interregional planning. These indicators help receiving regions anticipate the scale and
characteristics of incoming populations, informing the types of public services,
infrastructure, and labour market adjustments that may be required.

In the U.S. context, Internal Revenue Service (IRS) county-to-county migration data is one
of the most utilized, publicly available data for migration flow research. Many studies have
used IRS data to assess the influence of climatic factors on internal migration patterns,*®
while several other studies utilize it for forecasting.” Robinson et al. (2020), for example,
used IRS data to estimate the direct effects of sea level rise on population displacement in
coastal communities and the indirect effects related to receiving additional migrants and
increased housing demand in non-coastal communities. By training artificial neural
networks separately on (1) counties severely affected by hurricane Katrina to forecast
climate-induced migration, and (2) general history excluding major disasters to forecast
non-climate-related migration, they provide policymakers with a framework for estimating
additional population pressure attributable to climate change.® However, the adoption of
flow-based indicators in policy remains constrained by data availability and methodological
complexity. Many governments lack consistent migration flow data at the spatial and
temporal resolution required. As a result, flow-based approaches are mostly applied in
research, scenario testing, and long-term strategic planning, rather than in policy settings.

%8 DeWaard, Curtis, and Fussell, "Population Recovery in New Orleans;" Fussell, Curtis, and DeWaard, "Recovery Migration to
the City of New Orleans."

* Hauer, "Migration Induced by Sea-Level Rise;" Hauer, Evans, and Alexander, "Sea-Level Rise and Sub-County Population
Projections;" Hauer et al., "Sea-Level Rise and Human Migration;" Robinson, Dilkina, and Moreno-Cruz, “Modeling
Migration Patterns.”

% Robinson, Dilkina, and Moreno-Cruz, “Modeling Migration Patterns.”
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Internationally, asylum application data compiled by the UNHCR represent one of the few
globally consistent sources of origin-destination flow information, recording annual asylum
claims by country of origin and destination since 1951. In examining climate-related
mobility, these data show that asylum applications increase in response to temperature
anomalies.®' However, they capture only a narrow and highly selective subset of climate-
related migration. Asylum seekers are not necessarily climate migrants, many climate-
displaced persons do not seek asylum, and underreporting remains substantial in many
regions. As a result, asylum-based indicators are best interpreted as partial signals of
climate stress interacting with political and institutional thresholds, rather than
comprehensive measures of climate migration.

Despite these challenges, the growing availability of administrative microdata and large-
scale mobility datasets suggests that flow-based indicators may play an increasingly central
role in integrated climate migration governance.

Table 1 summarizes the climate migration indicators developed to date. Most focus on
internal migration at a regional scale; a few examine cities or villages but just one looks at
neighbourhoods. Most study impacts of either slow-onset changes or slow plus sudden; a
few only project impacts of sudden events. Most attempt to forecast migration, combining
data on hazards with population vulnerability and flows.

Table 1. Climate migration indicators
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4. Applications of climate migration indicators

Climate migration indicators are increasingly applied in policy-oriented settings where
governments and international organizations seek to anticipate and respond to climate-
related mobility risks. Rather than serving as precise predictive tools, these indicators of
potential migration hotspots are most often used to support anticipatory planning and
prioritize funding. This section reviews how climate migration indicators are used in
practice, drawing on documented policy applications archives, such as Climate Mobility
Knowledge Platform’s CLIMB Database, and selected country and city-level case studies.®

In the Global North, numerous policy instruments acknowledge climate-related
displacement, environmental drivers of mobility, or the need to enhance resilience in
sending and receiving regions — yet generally do not specify concrete indicator frameworks
to guide implementation.®® In contrast, policy instruments from the Global South show
more explicit engagement with climate migration indicators, though they are not
standardized. Many of these policies are supported or facilitated by international
organizations, including the International Organization for Migration, and are often
embedded in Nationally Determined Contributions (NDCs), National Adaptation Plans
(NAPs), or sectoral adaptation strategies.

The following sections elaborate on the five prominent policy domains that either use or
call for climate migration indicators.

Stakeholders deploy origin-based indicators to enhance disaster preparedness and reduce
forced migration from climate shocks. Indicators typically combine hazard exposure (e.g.,
flood risk), population vulnerability, and population characteristics (e.g., density, age,
housing quality) aiming to identify hotspots. In Bangladesh, for instance, several national
disaster management strategies integrate displacement risk measures into planning for
internal displacement.® The Delta Plan 2100 identifies six displacement hotspots based on
disaster risks, each with specific strategies, such as improved flood early warning systems,
tidal river management, salinity management, and increased drainage capacity. Their
National Action Plan (2022-2042) on Internal Displacement Management also requires the
national agencies to combine satellite and aerial imageries and GPS information to identify

6% UN Network on Migration, CLIMB Database.
% Koskina, Georgantas, and Plionis, “Climate Crisis and Human Migration.”
% GED, Bangladesh Delta Plan 2100.

29



CIDRARC: Climate Migration Indicators

at-risk displacement hotspots and publish vulnerability maps, as well as assess the
probability of displacement through agent-based modeling.®

The Risk Index for Climate Displacement (RICD) has been applied to identify displacement
hotspots across Indonesia.®® One of the hotspot cities identified was Makassar, where they
highlighted the immobile, or “trapped” population needing targeted policy interventions,
including urban flood adaptation measures and strengthened early flood warning systems.

Climate migration indicators are also used to inform land-use policies and planned
relocation strategies, moving populations before disasters occur. For example, Fiji has
established a legal framework through its Climate Change Bill that mandates the creation
and operation of planned relocation guidelines,®” with relocation decisions informed by a
structured, multi-criteria indicator framework. Communities are first identified for
potential relocation based on origin-focused indicators, including recurrent flooding,
coastal erosion, saltwater intrusion, infrastructure damage, and declining livelihood
viability.®® Destination sites are then selected using destination-oriented indicators that
assess distance from origin, environmental safety (elevation, flood, and erosion risk), land
tenure and legal feasibility, and access to basic infrastructures. Importantly, Fiji applies
these indicators as minimum-threshold decision criteria rather than as a composite index,
prioritizing nearby relocation sites to minimize social and cultural disruption. Also, they
prioritize the rights of receiving communities by requiring active participation of both
sending and receiving communities and a 60% consensus from all members from the
receiving village.

Similarly, the state of Hawai’i organized strategies for designating and developing receiving
areas for managed retreat® by developing a Transfer of Development Rights program from
sending to receiving areas. Indicators for at-risk populations are utilized to identify priority
sending areas, estimate the scale and timing of potential displacement, and guide the siting
and capacity planning of receiving areas, ensuring that the managed retreat policies
minimize social disruption and ensure successful relocation.

% MoDMR, National Action Plan (2022—2042).

%10M, "Risk Index for Climate Displacement.”

% Climate Change Act (Fiji).

% Office of the Prime Minister, Fiji, SOPs for Planned Relocation.
% OPSD, Managed Retreat in Hawaif.
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Climate migration indicators are also used in resource management policies, particularly
where climate migration intersects with competition over land, water, energy, and public
services. For example, Chad incorporates migration indicators into its water sector
adaptation planning by considering population growth scenarios and changing water usage
needs to prevent potential conflicts between farmers and pastoralists.™

In the U.S., the PLACE Initiative identifies in-migration hotspots using composite disaster
risk scores and evaluates a community’s readiness to function as a climate migration
receiver. For Floyd County, Kentucky, for instance, the PLACE Initiative found that despite
relatively low climate risks and strong community openness to newcomers, limited housing
supply outside floodplains and service capacity were major challenges; it then offers
municipalities suggestions for how to prepare for climate migration.”" Some applications
can be found in humanitarian energy management in displacement settings, where climate
migration indicators are not always formalized as composite indices but nonetheless inform
decisions about resource and conflict management. For example, in Cox’s Bazar, Bangladesh
and United Nations Environment Programme (UNEP), in collaboration with IOM, have
supported clean energy access for displaced individuals’ camps.” Under the Decarbonising
Humanitarian Energy (DHE) Multi-Partner Trust Fund, displacement intensity, energy
demand, and environmental degradation function as implicit indicators guiding the
prioritization of clean energy investments.” While these indicators are not formalized into
a migration index, they still shape how resources are allocated.

j“ Republic of Chad, National Climate Change Adaptation Plan.
i‘l PLACE Initiative, Floyd County Pre-Assessment.

"2 UNEP, Integrating Displaced Populations.

" Ibid.
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Recognizing that climate migration often crosses borders, regional bodies are working to
harmonize indicators and data collection methods through shared monitoring standards.
While many of them are not yet in use, multiple regional agencies see standardized data
collection and indicator design as one of their objectives. For instance, the ASEAN
Coordinating Centre for Humanitarian Assistance on Disaster Management has
implemented Standard Operating Procedures for Regional Standby Arrangements that
include the tracking and monitoring of climate migration and family reunification during
joint disaster relief operations in Southeast Asia.”* At the national level, Bangladesh
National Action Plan (2022-2042) on Internal Displacement Management further requires
the national census to include questionnaires on displacement.”

Climate migration indicators are increasingly used to support labour management by
identifying potential workforce gaps and aligning labour supply with emerging economic
needs. The Good Green Jobs and Labour Migration report by the Mayor’s Migration Council
highlights 35 city-led initiatives responding to projected climate-driven rural-urban
migration.”® Across ten case studies, researchers estimated internal in-migration to each
city, skill levels, and the percentage of climate-driven migrants. These indicators are then
used to design targeted programs that connect incoming populations to green transition—
related employment, such as training young people to implement nature-based solutions in
Monrovia, Liberia, or supporting waste-collection entrepreneurship in Freetown, Sierra
Leone.”” By aligning the expected migrants’ characteristics with labour demand, destination
cities can proactively prepare for shifts in their labor force while advancing climate
adaptation goals.

4 AHA Centre, SASOP.

> MoDMR, National Action Plan (2022-2042).
™ C40 Cities and ISF, Good Green Jobs.

7 Tbid.
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5: Discussion

This review demonstrates the various approaches to designing and deploying climate
migration indicators. Unlike domains like epidemiology, there is no standardized approach
to constructing an indicator. For example, researchers leveraged a standard epidemiological
model (i.e., the Susceptible-Infected-Recovered, SIR Model), validated with decades of
comparative studies, to predict the spread of the COVID-19 pandemic, but there is no cross-
comparative benchmarking and validation of post-disaster mobility models.™

Current knowledge of climate-migration relationships remains limited, and most existing
indicators are still at an early, exploratory stage.”” More fundamentally, the lack of a
standardized climate migration indicator reflects the plural nature of climate migration and
its policy contexts, from disaster preparedness to climate adaptation to humanitarian
causes. A single model may be conceptually appealing but may be inefficient in meeting
specific policy objectives, like identifying in-migration hotspots.

Notably, partial indicators, such as those focused on displacement risks or destination
choice indices, are more commonly found in real-world applications. Rather than modeling
entire migration processes and decision-making, most quantitative assessments of climate-
related displacement build directly on disaster risk frameworks that combine hazard
exposure and vulnerability.*

Partial indicators are common in anticipatory governance, where the objective is not to
predict exact migration outcomes but to identify plausible futures and stress-test policy
responses. Scenario-based destination indicators, such as those used in the World Bank
Groundswell Report, exemplify this logic. Their policy objective lies less in forecasting
precise flows than in demonstrating how alternative development pathways can influence
migration pressures. In this sense, partiality is not a weakness but purposeful design. By
narrowing their scope, partial indicators allow policymakers to engage with climate
migration as a contingent and context-dependent process rather than a deterministic
outcome.

" Yabe et al., “Data-Driven, Dynamical Systems Approaches.”

? Schewel et al., “Predict Climate Migration.”
% IPCC, Climate Change 2022.
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Despite methodological advances, several conceptual limitations persist. Many existing
indicators fail to incorporate less visible factors, such as perceptions of environmental
risk,* the role of social networks,** and changes in labour markets.* These factors shape
both adaptive responses and migration destination choices but remain difficult to quantify
and are therefore often omitted from indicator frameworks. Schewel et al. (2024), in their
review of climate migration forecasting models, mentioned that the field is “still at its
infancy, best taken as speculative,” due to an overemphasis on climatic factors and neglect
of political, economic, demographic, cultural, and technological factors. Also, by failing to
account for populations that are unable or unwilling to move despite exposure to climate
stress, indicators risk overprediction of climate migration.®* Relatedly, Cottier et al. (2022)
highlighted the lack of causal relationship in much of the literature, noting that many
indicators rely on correlations that are difficult to translate into policy.*

Additional limitations arise from how climate migration is conceptualized and measured.
Existing indicators rarely account for indirect displacement driven by climate-related
gentrification,®® or repeated or multiplied displacement,®’” as climate refugees are
repeatedly displaced by disaster or financial instability due to their vulnerability in their
resettled environments. Migrants may purposefully make stepwise migration to increase
their savings and gain sufficient work experience to resettle in their preferred final
destinations.®® Thus, binary classification of in- and out- migration does not incorporate
trips to intermediate destinations, which are usually in cities.** Moreover, framing places as
either “sending” or “receiving” risks oversimplification, as many locations simultaneously
experience out-migration, in-migration, and temporary mobility, depending on population
group, time scale, and hazard type.

81 Massey, Axinn, and Ghimire, "Environmental Change and Out-Migration;" McLeman, "Modelling of Climate Change-
Related Migration."

% Gilbert and McLeman, "Household Access to Capital;" Massey, Axinn, and Ghimire, "Environmental Change and Out-
Migration."

% Feng, Krueger, and Oppenheimer, "Linkages Among Climate Change;" McLeman, "Modelling of Climate Change-Related
Migration."

% Schewel et al., “Predict Climate Migration.”

% Cottier et al., “Framing the Frame.”

% Anguelovski et al., "Green 'Climate Gentrification'."

¥ Kreichauf and Lees, "Toward 'Multiplied Displacement”

% Paul, "Stepwise International Migration."

% Helbling et al., "Effect of Climate Change on Migration Flows;" Ibid.
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There are additional challenges related to reliable data and validation of data-driven
findings. Reliable data on climate migration and non-climate-related factors remain scarce,
especially in countries that are vulnerable to climate change.® Also, lack of spatial
resolution poses a critical constraint. While most climate-related movements occur over
short distances, indicators are frequently constructed at national or regional scales,
masking local patterns essential for planning and intervention.” In addition, with the
growing number of databases and indicators, there is an increasing need for systemic
validity tests that compare different indicator approaches and datasets.” Finally, there are
few empirical and comparative studies that conduct multi-hazard, cross-region
comparisons of mobility patterns.

% Schewel et al., “Predict Climate Migration.”
% Beyer, Schewe, and Abel, "Modeling Climate Migration."
°! Helbling et al., "Effect of Climate Change on Migration Flows."
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6: Conclusion

Taken together, these findings suggest that future progress in climate migration indicators
is more likely to come from improved alignment between indicator design and policy
purpose than from refined predictive capability. The applications reviewed suggest that
indicators are most effective when they support anticipatory planning and identification of
potential pressures on receiving and sending regions, rather than when they aim to forecast
exact migration outcomes. Scenario-based models offer promise in this regard, as they
provide multiple narratives rather than single point estimates, allowing governments to
prepare for a range of plausible futures and evaluate trade-offs across policy pathways.**
The use of standardized simulation protocols and climate scenarios (such as the RCPs and
SSPs) can further enhance comparisons of alternative models, facilitating learning across
models. Another critical next step for the field is to quantify the uncertainty in each model
through confidence intervals, sensitivity analyses, and transparent reporting of
assumptions.” Incorporating uncertainty will lead to detailed calibration of indicators and
also enable policymakers to target additional data collection or other interventions in
places with larger uncertainty.

* Schewel et al., “Predict Climate Migration.”
% Beyer, Schewe, and Abel, "Modeling Climate Migration."
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	Abstract
	Climate change is increasingly reshaping human mobility, yet the tools used to measure and anticipate climate-related migration remain fragmented across research and policy domains. This paper reviews existing climate migration indicators with a focus on how they are conceptualized and applied in policy settings. We organize indicators into three categories based on their focal perspective: origin-based displacement risk indicators, destination-focused in-migration indicators, and flow-based indicators that capture population movement between origins and destinations. Drawing on global, national, and city-level case studies, we examine the modeling approaches, data sources, geographic coverage, spatial and temporal scales, and policy uses associated with each category. The review highlights that most indicators are not designed for precise prediction, but rather to support anticipatory planning, scenario planning, and prioritization of support programs under uncertainty. The existing indicators are increasingly used in domains such as disaster risk mitigation, planned relocation, resource allocation, and labour management, yet they often simplify migration dynamics by overlooking social networks, immobility, and feedback loops between sending and receiving regions. Future progress lies less in improving predictive accuracy and more in aligning indicator design with specific policy objectives. Scenario-based frameworks, using standardized climate and socioeconomic pathways, and explicit treatment of uncertainty, may most effectively advance climate migration indicators as effective decision-support tools.
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	Executive summary
	Climate change is increasingly reshaping patterns of human mobility across the globe. Rising temperatures, sea-level rise, drought, floods, and extreme weather events are influencing when, where, and whether people move. At the same time, policymakers are seeking tools that allow them to anticipate and prepare for these mobility shifts rather than respond only after displacement has occurred. Climate migration indicators have emerged as one such tool. This report reviews the conceptual foundations, methodological approaches, and policy applications of existing climate migration indicators and identifies priorities for their future development.
	Why climate migration indicators matter
	Traditional approaches to measuring climate-related mobility rely heavily on post-disaster displacement counts or migration statistics recorded after movement has taken place. While valuable, these data support primarily reactive humanitarian responses. Climate migration indicators, by contrast, aim to identify exposure, vulnerability, and migration pressures before large-scale displacement occurs. As a result, they are increasingly used to support anticipatory governance, including disaster preparedness, planned relocation, infrastructure planning in receiving communities, and labour market alignment.
	However, the existing landscape of climate migration indicators remains fragmented. Indicators vary widely in their conceptual assumptions, spatial scales, data inputs, and policy purposes. Rather than converging toward a single standardized metric, the field is evolving as a diverse toolkit adapted to different decision contexts.
	This report addresses four central questions:

	1.
	2.
	3.
	4.
	Which climate migration processes are measured through indicators?
	Which environmental and social factors do indicators incorporate?
	What conceptual gaps remain in current indicator systems?
	How are indicators used in policy practice?


	Three main approaches to climate migration indicators
	Climate migration indicators can be grouped into three broad categories depending on their analytical focus: origin-based displacement risk indicators, destination-based in-migration indicators, and flow-based indicators tracking population movements between locations.
	Origin-based indicators are the most widely used. These models estimate the likelihood that populations will leave areas exposed to climate hazards such as flooding, drought, or sea-level rise. They typically combine hazard exposure with measures of vulnerability, including housing quality, livelihoods, demographic structure, and adaptive capacity. Examples include the Internal Displacement Monitoring Centre’s Global Displacement Risk Model and Federal Emergency Management Agency’s (FEMA) Hazus platform in the United States. These indicators are especially useful for identifying displacement hotspots and prioritizing adaptation investments.
	Destination-based indicators focus instead on the characteristics of places likely to receive migrants. These tools help governments anticipate infrastructure demand, housing pressure, and potential social conflict in receiving areas. Examples include the World Bank’s Groundswell projections and the PLACE Initiative’s Climate Receiver Places framework in the United States. Such indicators are particularly valuable for long-term spatial planning and urban preparedness, but often simplify migration dynamics by treating destination attractiveness independently from origin conditions.
	Flow-based indicators track migration between origins and destinations using administrative migration datasets, mobility traces, or statistical modeling. Although less common due to data limitations, these approaches provide the most comprehensive view of population redistribution. Internal Revenue Service migration data in the United States and asylum-flow datasets compiled by the United Nations High Commissioner for Refugees (UNHCR) are frequently used examples. Flow-based indicators are especially important for regional coordination and long-term planning but remain difficult to implement in many vulnerable regions.
	Together, these three approaches provide complementary insights into climate migration dynamics. No single category captures the full migration process.

	Policy applications of climate migration indicators
	Climate migration indicators are increasingly incorporated into planning frameworks across multiple policy domains. First, they support disaster preparedness and displacement reduction strategies. Governments use origin-based indicators to identify vulnerable communities and prioritize investments in early warning systems, protective infrastructure, and livelihood stabilization. Bangladesh’s Delta Plan 2100, for example, identifies displacement hotspots and links them to targeted adaptation interventions.
	Second, indicators inform planned relocation and managed retreat policies. Countries such as Fiji apply structured indicator frameworks to determine which communities should relocate and where they should move. These frameworks combine hazard exposure, infrastructure access, land tenure feasibility, and community consent criteria.
	Third, indicators contribute to resource allocation and conflict prevention in regions experiencing climate-related migration pressures. In Chad, migration indicators are used in water sector planning to anticipate competition between farmers and pastoralists. In the United States, the PLACE Initiative evaluates communities’ readiness to receive climate migrants and identifies gaps in housing and services.
	Fourth, indicators are increasingly used in monitoring and regional coordination efforts. Regional organizations such as The Association of Southeast Asian Nations (ASEAN) are developing standardized displacement tracking protocols to support joint disaster response and migration governance.
	Finally, climate migration indicators support labour market planning by estimating future migration flows and aligning workforce development strategies with emerging economic needs. Programs in cities such as Monrovia and Freetown demonstrate how migration projections can guide investments in green employment sectors.
	Across these domains, indicators function less as predictive tools and more as decision-support instruments that help governments prepare for plausible future mobility scenarios.
	CIDRARC: Climate Migration Indicators


	1: Introduction
	A wide range of climatic factors, including natural disasters, rising temperatures, decreasing agricultural productivity, and sea-level rise, are reshaping human mobility patterns. Between 2015 and 2024, nearly 265 million people were displaced due to disasters.1 The population that moved due to disaster, monitored globally since 2008, has reached record highs in recent years.2 An estimated 45.8 million people were displaced by disaster across 168 countries in 2024, including high-income countries, such as the U.S. with 11 million and Japan with over 64,000 displaced individuals.3 Nearly one quarter of the global displaced population originated from Southeast Asia, where the number almost tripled from that of the year before.4 The Americas had more displaced individuals than the five previous years combined – 80 percent driven by hurricanes, alongside droughts and wildfires.5 Beyond sudden shocks, slow-onset climate impacts are also expected to drive large-scale mobility, with the World Bank’s Groundswell report estimating up to 216 million climate migrants by 2050, primarily linked to agricultural and environmental change.6
	While many of these movements occurred in response to pre-emptive evacuation orders and therefore were purposeful adaptations to sudden and slow-onset disasters, the financial and social costs of migration remain significant. The “sending” areas that lose population forfeit economic capacity and social capital , and population influx, whether sudden or consistent, can strain public infrastructure and services in “receiving” areas, disrupt livelihoods and social networks, and exacerbate existing inequalities.7 Even after resettlement, migrant workers are more vulnerable to physical and mental health risks due to stress from migration, loss of social ties, interrupted education, and lower wages.8 International migrants may face additional challenges such as linguistic isolation and reluctance to seek medical treatment due to fear of xenophobia and deportation.9
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	Furthermore, environmental change combined with socioeconomic vulnerability generates additional environmental pressures at both origins and destinations, reinforcing feedback loops between migration and environmental change.10
	Recognizing the growing scale of climate migration and the associated risks, international policy frameworks have incorporated objectives for anticipating and preparing for climate migration.11 For example, the 2018 Global Compact, as the first intergovernmental agreement on all international migration, explicitly stated governmental objectives to “establish systems for sharing information on environmental migration, develop climate adaptation and resilience strategies harmonized at sub-regional and regional levels” and “facilitate migrants’ ability to contribute to sustainable development”.12 The 2030 Sustainable Development Goals (SDGs) and the Sendai Framework for Disaster Risk Reduction also contain multiple goals and targets that suggest migration as a way of fostering development, and therefore a phenomenon to be addressed by international agencies.13
	More recently, three of the 59 adaptation indicators adopted at COP30 included climate migration:14 (1) “Number of people per 100,000 supported in planned relocation processes in response to water-related hazards, where adaptation measures were taken to ensure safety of populations,” (2) “Proportion of infrastructure and human settlements vulnerable to climate-related hazards and other extreme events relocated to a safer location,” and (3) “Percentage of the population in a country exposed to or at risk from climate-related disasters protected through pre-emptive evacuation measures following early warnings.”
	Given this growing policy attention, there is a need for systematic climate migration indicators in order to move beyond a reactive concept that is recognized only after displacement has occurred, to a proactive concept – a measurable process that can be anticipated, managed, and mitigated. When climate migration is measured only through counts of displaced people after disasters, policy responses tend to be reactive and humanitarian in nature. Indicator-based approaches, by contrast, support proactive planning, such as managed retreat, planned relocation, self-determination, and destination preparedness, by identifying where climatic factors are likely to result in migration and who is most vulnerable. This reframing is essential for treating climate migration not as a failure of adaptation, but also as a potential adaptation strategy that can be supported rather than suppressed.
	This work, in response, asks the following four research questions:
	Which climate migration processes are measured through indicators?
	Which environmental and social factors do existing indicators incorporate?
	What are the conceptual gaps found in current indicators?
	Which indicators are applied in policy contexts, and why?
	Many models and indicators of climate migration already exist, varying widely in their conceptual foundations, data sources, spatial and temporal scales, and intended applications. Several recent review studies provide important foundations for this work but it remains unclear which dimensions of climate migration are most frequently measured, which environmental and social factors are neglected, and how well current indicators align with policy needs. For example, Schewel et al. (2024) review climate migration forecasting models, emphasizing model design and predictive capacity. Their work focuses on the strength of scenario analyses in policy adoption due to their ability to provide various what-if scenarios that allow governments to prepare for multiple outcomes. Yet, their work focuses primarily on forecasting future migration rather than on the construction of indicators derived from historical or observed patterns, and it offers limited discussion of how models are operationalized in policy settings. Similarly, Helbling et al. (2023) review empirical studies measuring international and internal climate migration, highlighting challenges related to data validity, the need to account for longer-term and more complex migration trajectories, and the importance of incorporating individual vulnerability and how climate migration affects origins and destinations. However, their review is largely confined to academic literature, does not systematically examine indicator-based approaches, and gives limited attention to how existing measures are used in policy practice.
	This work contributes to closing these gaps by (1) systematically reviewing climate migration indicators that span both forecasting-based approaches and indicators grounded in historical or observed migration patterns; (2) examining how these indicators have been applied in policy and planning contexts; and (3) comparing their respective roles, strengths, and limitations for policy adoption. By doing so, this review lays the groundwork for the development of a composite climate migration indicator that is both empirically grounded and policy relevant.
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	2: What do climate migration indicators measure?
	2.1 Climate migration and climate migration indicators
	Many prior studies note the inconsistent use of terminologies in climate migration research and the importance of defining key concepts.15 Having clarity in definitions is critical in the context of creating indicators, as these measures are increasingly used beyond academic research, including in legal, policy, and planning applications.
	In this review, the term “climate migration” refers broadly to all forms of change in habitual place influenced by climate-related factors. This includes movement induced by both sudden-onset events (e.g., floods, hurricanes, wildfires) and slow-onset processes (e.g., drought, sea-level rise, erosion), as well as the direct and indirect impacts of these phenomena (e.g., crop yield reduction, increasing illness due to rising temperature). Notably, there is no known qualification of minimum distance or duration to be considered as climate migration. Climate migration encompasses movements that are voluntary or involuntary (classified by the aspiration to move),16 temporary or permanent, and internal or international (also referred to as cross-border or transboundary migration). This also includes migrants’ ability to move, thus including the phenomena of not being able to leave their place of residence even with the aspiration to move (i.e., immobility or emplacement).17
	A longstanding debate exists over whether to label climate-related mobility climate “displacement” or “migration.” The term displacement, by definition, often implies involuntariness and may exclude individuals who move preemptively or by choice.18 Yet voluntariness itself is difficult to validate empirically (in the absence of primary data). For this reason, and because this review includes indicators and models that account for both voluntary and involuntary movements, we adopt the broader and more inclusive term, climate migration.
	Climate migration should also be distinguished from environmental migration, a broader concept that encompasses mobility driven by environmental changes not necessarily linked to climate change, such as pollution, land degradation unrelated to climate processes, or
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	At the country level, the Philippines’ Disaster Response Operations Monitoring and Information Center (DROMIC), managed by the Department of Social Welfare and Development in coordination with the National Disaster Risk Reduction and Management Council, produces situation reports (SitReps) that offer detailed and near-real-time information on disaster-induced displacement.24 These reports document, among other indicators, the number of evacuation centres activated, the number of displaced persons and families inside evacuation centres, and those displaced outside formal shelters. Similarly, Brazil’s Integrated Disaster Information System compiles administrative records on disaster impacts and displacement at the national level.25 Furthermore, in the U.S., mapping of Federal Emergency Management Agency (FEMA) flood buyout programs reveals where participants of the program chose to relocate to, providing insights on post-disaster destination choice and (im)mobility patterns beyond short-term displacement.26
	However, there are several challenges that underscore the need for climate migration indicators. Collecting empirical climate migration data is often survey-based or reliant on individual reporting, making it costly and uneven across regions. Moreover, migration decisions are inherently multi-dimensional. Individuals may be indirectly affected by climate stressors through livelihoods, health, or social networks, and may not self-identify climate change as a primary driver of migration. As a result, climate migration could be frequently underreported or misclassified. In addition, many displacement and migration databases provide limited information on destinations, return movements, or longer-term resettlement trajectories, limiting their usefulness for anticipatory planning. Indicators complement existing databases by enabling forecasting, spatial comparability, and the identification of potential migration hotspots, even in contexts where observed migration data are sparse or unavailable.
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	catastrophe (CAT) modeling traditions commonly used in insurance and risk finance, the model translates hazard intensity into expected physical damage and population displacement.
	Several research groups have adapted IDMC’s approach to predict displacement risks with updated or regional datasets.29 In 2019, a research group at ETH Zurich adapted IDMC’s displacement risk model to predict probabilities of displacement.30 Kam et al. (2021) implemented this platform to estimate the displacement probability from flooding, assuming that displacement will occur if flooding is deeper than one metre.31 More recently, Meiler et al. (2025) expanded the approach to include risk of drought, cyclones, and floods, utilizing building exposure and population dependent on agricultural lands to model physical building damage, loss of livelihoods, and resultant human displacement risk.32 While this method provides globally comparable estimates and scenario-based insights, it primarily captures short-term, sudden-onset displacement risk from one possible event, and does not explicitly account for longer-term adaptation or return migration dynamics. Notably, despite utilizing the same CLIMADA platform, differences in key assumptions, such as using one metre instead of one-half metre as the flood-depth threshold, can substantially change estimated displacement risks.33 This sensitivity is a limitation of current indicator approaches and their potential utility for scenario planning, which itself uses varying assumptions to derive a range of plausible outcomes.
	Relatedly, the IDMC also publishes an Internal Displacement Index, which aggregates multiple risk dimensions into a composite indicator to rank countries or regions by displacement vulnerability.34 While their Global Displacement Risk model is designed for forecasting the likelihood of displacement, the Internal Displacement Index is more suitable for analysis of historical patterns and comparison between countries. However, the reliance on aggregated indicators obscures heterogeneity in smaller geographic levels and household-level decision processes.
	In the U.S. context, FEMA’s HAZUS platform has been widely used to estimate displacement risk indirectly through structural damage modeling.35 Although HAZUS was originally developed to assess losses from earthquakes, floods, tsunamis, and hurricanes, subsequent
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	Compared to agent-based models, statistical extrapolation approaches generally offer greater scalability and generalizability, making them attractive for regional, national, or global policy assessments.48 However, these approaches remain primarily origin-focused, estimating the likelihood of out-migration rather than explicitly modeling destination choices. As a result, many models lack information on the duration of mobility, making it difficult to distinguish between temporary displacement, circular migration, and permanent relocation.49
	While statistical extrapolation approaches incorporate observed migration flows and therefore contain more behavioural information than exposure-based indices, they primarily capture average correlations rather than the underlying decision-making processes of individuals. As a result, they are better suited for monitoring displacement risk and identifying hotspots than for explaining migration behaviour.
	Overall, displacement-risk indicators are particularly valuable for identifying climate “hotspots” and prioritizing adaptation or protection measures. However, by design, they offer limited insight into destination selection, redistribution of population, or return migration.

	3.3 Destination-based indicators of climate migration
	A second type of climate migration indicators shifts attention from sending regions to potential “receiving” areas, focusing on the attractiveness or resource capacity of destinations. These indicators are especially relevant for policymakers in regions expected to experience population influxes, as they identify areas with new infrastructure demand, housing pressures, and potential social conflict with existing residents.
	One example is the World Bank’s Groundswell Report,50 which projects internal climate migration across six World Bank regions (i.e., Sub-Saharan Africa, East Asia and Pacific, South Asia, North Africa, Latin America, Eastern Europe and Central Asia) using a gravity model. The Groundswell analysis focuses exclusively on slow-onset climate stressors, such as water scarcity, declining agricultural productivity, and sea-level rise. It generates spatial projections of in- and out-migration hotspots under alternative emissions and development scenarios.51 Rather than explicitly pairing origins and destinations, the model estimates net
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	population change in regions. While this approach offers clear policy narratives at regional and national scales, the IOM and IDMC criticize it for lacking foundations in micro-level behavioural theories and failing to incorporate household-level vulnerability or decision-making processes. 52
	The framework from the C40 Cities Climate Leadership Group and the Mayor’s Migration Council (MMC) identifies climate in- and out-migration hotspots at the sub-city scale. Their Future Urban Landscapes report introduces case studies of 10 cities that are likely to be receiving places, with spatially disaggregated indicators within cities to highlight neighbourhoods that are more likely to experience population inflows or outflows under Shared Socioeconomic Pathway (SSP) and Representative Concentration Pathway (RCP) scenarios.53 The model integrates multiple place-based factors, including exposure to climate hazards, demography, economic conditions, and livelihoods, to map relative pressures across urban areas.54 The framework recognizes that receiving and sending places can coexist within the same metropolitan area, with some neighbourhoods acting as in-migration destinations while others experience out-migration.
	At a finer spatial scale in the U.S. context, the PLACE Initiative’s Climate Receiver Places Project measures destination attractiveness through a climate risk scorecard.55 Using composite indices derived from ProPublica and Four Twenty Seven climate risk datasets, the project emphasizes relative safety from climate hazards, particularly heat and disaster exposure, as a key attractor. Unlike global forecasting models, this is a community-based planning tool, providing guidance for local governments to proactively prepare for climate-driven population growth. However, its reliance on static hazard risk scores limits its ability to capture dynamic migration flows, micro-level decision makings, social networks, or other feedback effects between sending and receiving regions.56
	An alternative approach to destination-focused climate migration indicators uses urbanization trends as a proxy for rural-urban internal migration.57 Changes in urban population shares or urban growth rates are often interpreted as indirect evidence of climate-driven mobility from rural areas, where livelihoods are more exposed to agricultural stress, drought, and environmental degradation. While this approach could be useful for identifying destination hotspots it may be overestimating climate migration, as migration is not the only driver of urban growth.
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	In general, destination-focused indicators are a critical complement to displacement-risk models, particularly for infrastructure planning. Yet most existing approaches simplify migration dynamics by treating destination choice as a function of place characteristics alone, without explicitly modeling the interaction between origin population’s characteristics and the opportunities that destinations can offer.

	3.4 Mobility and flow tracking as an indicator (origin-destination flow as focal point)
	The third type of indicator measures the population movement between origins and destinations. This approach is less common due to limited data availability, but it is increasingly becoming important in policy applications, primarily in contexts requiring interregional planning. These indicators help receiving regions anticipate the scale and characteristics of incoming populations, informing the types of public services, infrastructure, and labour market adjustments that may be required.
	In the U.S. context, Internal Revenue Service (IRS) county-to-county migration data is one of the most utilized, publicly available data for migration flow research. Many studies have used IRS data to assess the influence of climatic factors on internal migration patterns,58 while several other studies utilize it for forecasting.59 Robinson et al. (2020), for example, used IRS data to estimate the direct effects of sea level rise on population displacement in coastal communities and the indirect effects related to receiving additional migrants and increased housing demand in non-coastal communities. By training artificial neural networks separately on (1) counties severely affected by hurricane Katrina to forecast climate-induced migration, and (2) general history excluding major disasters to forecast non-climate-related migration, they provide policymakers with a framework for estimating additional population pressure attributable to climate change.60 However, the adoption of flow-based indicators in policy remains constrained by data availability and methodological complexity. Many governments lack consistent migration flow data at the spatial and temporal resolution required. As a result, flow-based approaches are mostly applied in research, scenario testing, and long-term strategic planning, rather than in policy settings.
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	Internationally, asylum application data compiled by the UNHCR represent one of the few globally consistent sources of origin-destination flow information, recording annual asylum claims by country of origin and destination since 1951. In examining climate-related mobility, these data show that asylum applications increase in response to temperature anomalies.61 However, they capture only a narrow and highly selective subset of climate-related migration. Asylum seekers are not necessarily climate migrants, many climate-displaced persons do not seek asylum, and underreporting remains substantial in many regions. As a result, asylum-based indicators are best interpreted as partial signals of climate stress interacting with political and institutional thresholds, rather than comprehensive measures of climate migration.
	Despite these challenges, the growing availability of administrative microdata and large-scale mobility datasets suggests that flow-based indicators may play an increasingly central role in integrated climate migration governance.
	Table 1 summarizes the climate migration indicators developed to date. Most focus on internal migration at a regional scale; a few examine cities or villages but just one looks at neighbourhoods. Most study impacts of either slow-onset changes or slow plus sudden; a few only project impacts of sudden events. Most attempt to forecast migration, combining data on hazards with population vulnerability and flows.
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	CIDRARC: Climate Migration Indicators
	CIDRARC: Climate Migration Indicators
	CIDRARC: Climate Migration Indicators
	CIDRARC: Climate Migration Indicators
	CIDRARC: Climate Migration Indicators

	4: Applications of climate migration indicators
	Climate migration indicators are increasingly applied in policy-oriented settings where governments and international organizations seek to anticipate and respond to climate-related mobility risks. Rather than serving as precise predictive tools, these indicators of potential migration hotspots are most often used to support anticipatory planning and prioritize funding. This section reviews how climate migration indicators are used in practice, drawing on documented policy applications archives, such as Climate Mobility Knowledge Platform’s CLIMB Database, and selected country and city-level case studies.62
	In the Global North, numerous policy instruments acknowledge climate-related displacement, environmental drivers of mobility, or the need to enhance resilience in sending and receiving regions – yet generally do not specify concrete indicator frameworks to guide implementation.63 In contrast, policy instruments from the Global South show more explicit engagement with climate migration indicators, though they are not standardized. Many of these policies are supported or facilitated by international organizations, including the International Organization for Migration, and are often embedded in Nationally Determined Contributions (NDCs), National Adaptation Plans (NAPs), or sectoral adaptation strategies.
	The following sections elaborate on the five prominent policy domains that either use or call for climate migration indicators.
	4.1 Disaster preparedness and reducing displacement in origins
	Stakeholders deploy origin-based indicators to enhance disaster preparedness and reduce forced migration from climate shocks. Indicators typically combine hazard exposure (e.g., flood risk), population vulnerability, and population characteristics (e.g., density, age, housing quality) aiming to identify hotspots. In Bangladesh, for instance, several national disaster management strategies integrate displacement risk measures into planning for internal displacement.64 The Delta Plan 2100 identifies six displacement hotspots based on disaster risks, each with specific strategies, such as improved flood early warning systems, tidal river management, salinity management, and increased drainage capacity. Their National Action Plan (2022-2042) on Internal Displacement Management also requires the national agencies to combine satellite and aerial imageries and GPS information to identify
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	at-risk displacement hotspots and publish vulnerability maps, as well as assess the probability of displacement through agent-based modeling.65
	The Risk Index for Climate Displacement (RICD) has been applied to identify displacement hotspots across Indonesia.66 One of the hotspot cities identified was Makassar, where they highlighted the immobile, or “trapped” population needing targeted policy interventions, including urban flood adaptation measures and strengthened early flood warning systems.

	4.2 Planned relocation and migration as an adaptation strategy
	Climate migration indicators are also used to inform land-use policies and planned relocation strategies, moving populations before disasters occur. For example, Fiji has established a legal framework through its Climate Change Bill that mandates the creation and operation of planned relocation guidelines,67 with relocation decisions informed by a structured, multi-criteria indicator framework. Communities are first identified for potential relocation based on origin-focused indicators, including recurrent flooding, coastal erosion, saltwater intrusion, infrastructure damage, and declining livelihood viability.68 Destination sites are then selected using destination-oriented indicators that assess distance from origin, environmental safety (elevation, flood, and erosion risk), land tenure and legal feasibility, and access to basic infrastructures. Importantly, Fiji applies these indicators as minimum-threshold decision criteria rather than as a composite index, prioritizing nearby relocation sites to minimize social and cultural disruption. Also, they prioritize the rights of receiving communities by requiring active participation of both sending and receiving communities and a 60% consensus from all members from the receiving village.
	Similarly, the state of Hawai’i organized strategies for designating and developing receiving areas for managed retreat69 by developing a Transfer of Development Rights program from sending to receiving areas. Indicators for at-risk populations are utilized to identify priority sending areas, estimate the scale and timing of potential displacement, and guide the siting and capacity planning of receiving areas, ensuring that the managed retreat policies minimize social disruption and ensure successful relocation.
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	4.3 Resource and conflict management
	Climate migration indicators are also used in resource management policies, particularly where climate migration intersects with competition over land, water, energy, and public services. For example, Chad incorporates migration indicators into its water sector adaptation planning by considering population growth scenarios and changing water usage needs to prevent potential conflicts between farmers and pastoralists.70
	In the U.S., the PLACE Initiative identifies in-migration hotspots using composite disaster risk scores and evaluates a community’s readiness to function as a climate migration receiver. For Floyd County, Kentucky, for instance, the PLACE Initiative found that despite relatively low climate risks and strong community openness to newcomers, limited housing supply outside floodplains and service capacity were major challenges; it then offers municipalities suggestions for how to prepare for climate migration.71 Some applications can be found in humanitarian energy management in displacement settings, where climate migration indicators are not always formalized as composite indices but nonetheless inform decisions about resource and conflict management. For example, in Cox’s Bazar, Bangladesh and United Nations Environment Programme (UNEP), in collaboration with IOM, have supported clean energy access for displaced individuals’ camps.72 Under the Decarbonising Humanitarian Energy (DHE) Multi-Partner Trust Fund, displacement intensity, energy demand, and environmental degradation function as implicit indicators guiding the prioritization of clean energy investments.73 While these indicators are not formalized into a migration index, they still shape how resources are allocated.
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	4.4 Monitoring
	Recognizing that climate migration often crosses borders, regional bodies are working to harmonize indicators and data collection methods through shared monitoring standards. While many of them are not yet in use, multiple regional agencies see standardized data collection and indicator design as one of their objectives. For instance, the ASEAN Coordinating Centre for Humanitarian Assistance on Disaster Management has implemented Standard Operating Procedures for Regional Standby Arrangements that include the tracking and monitoring of climate migration and family reunification during joint disaster relief operations in Southeast Asia.74 At the national level, Bangladesh National Action Plan (2022-2042) on Internal Displacement Management further requires the national census to include questionnaires on displacement.75

	4.5 Labour management
	Climate migration indicators are increasingly used to support labour management by identifying potential workforce gaps and aligning labour supply with emerging economic needs. The Good Green Jobs and Labour Migration report by the Mayor’s Migration Council highlights 35 city-led initiatives responding to projected climate-driven rural–urban migration.76 Across ten case studies, researchers estimated internal in-migration to each city, skill levels, and the percentage of climate-driven migrants. These indicators are then used to design targeted programs that connect incoming populations to green transition–related employment, such as training young people to implement nature-based solutions in Monrovia, Liberia, or supporting waste-collection entrepreneurship in Freetown, Sierra Leone.77 By aligning the expected migrants’ characteristics with labour demand, destination cities can proactively prepare for shifts in their labor force while advancing climate adaptation goals.
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	5: Discussion
	5.1 Why no single climate migration indicator exists, and why that may be appropriate
	This review demonstrates the various approaches to designing and deploying climate migration indicators. Unlike domains like epidemiology, there is no standardized approach to constructing an indicator. For example, researchers leveraged a standard epidemiological model (i.e., the Susceptible-Infected-Recovered, SIR Model), validated with decades of comparative studies, to predict the spread of the COVID-19 pandemic, but there is no cross-comparative benchmarking and validation of post-disaster mobility models.78
	Current knowledge of climate–migration relationships remains limited, and most existing indicators are still at an early, exploratory stage.79 More fundamentally, the lack of a  standardized climate migration indicator reflects the plural nature of climate migration and its policy contexts, from disaster preparedness to climate adaptation to humanitarian causes. A single model may be conceptually appealing but may be inefficient in meeting specific policy objectives, like identifying in-migration hotspots.

	5.2 The dominance of partial indicators in practice
	Notably, partial indicators, such as those focused on displacement risks or destination choice indices, are more commonly found in real-world applications. Rather than modeling entire migration processes and decision-making, most quantitative assessments of climate-related displacement build directly on disaster risk frameworks that combine hazard exposure and vulnerability.80
	Partial indicators are common in anticipatory governance, where the objective is not to predict exact migration outcomes but to identify plausible futures and stress-test policy responses. Scenario-based destination indicators, such as those used in the World Bank Groundswell Report, exemplify this logic. Their policy objective lies less in forecasting precise flows than in demonstrating how alternative development pathways can influence migration pressures. In this sense, partiality is not a weakness but purposeful design. By narrowing their scope, partial indicators allow policymakers to engage with climate migration as a contingent and context-dependent process rather than a deterministic outcome.
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	5.3 Conceptual and methodological limitations of existing indicators
	Despite methodological advances, several conceptual limitations persist. Many existing indicators fail to incorporate less visible factors, such as perceptions of environmental risk,81 the role of social networks,82 and changes in labour markets.83 These factors shape both adaptive responses and migration destination choices but remain difficult to quantify and are therefore often omitted from indicator frameworks. Schewel et al. (2024), in their review of climate migration forecasting models, mentioned that the field is “still at its infancy, best taken as speculative,” due to an overemphasis on climatic factors and neglect of political, economic, demographic, cultural, and technological factors. Also, by failing to account for populations that are unable or unwilling to move despite exposure to climate stress, indicators risk overprediction of climate migration.84 Relatedly, Cottier et al. (2022) highlighted the lack of causal relationship in much of the literature, noting that many indicators rely on correlations that are difficult to translate into policy.85
	Additional limitations arise from how climate migration is conceptualized and measured. Existing indicators rarely account for indirect displacement driven by climate-related gentrification,86 or repeated or multiplied displacement,87 as climate refugees are repeatedly displaced by disaster or financial instability due to their vulnerability in their resettled environments. Migrants may purposefully make stepwise migration to increase their savings and gain sufficient work experience to resettle in their preferred final destinations.88 Thus, binary classification of in- and out- migration does not incorporate trips to intermediate destinations, which are usually in cities.89 Moreover, framing places as either “sending” or “receiving” risks oversimplification, as many locations simultaneously experience out-migration, in-migration, and temporary mobility, depending on population group, time scale, and hazard type.
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	There are additional challenges related to reliable data and validation of data-driven findings. Reliable data on climate migration and non-climate-related factors remain scarce, especially in countries that are vulnerable to climate change.89 Also, lack of spatial resolution poses a critical constraint. While most climate-related movements occur over short distances, indicators are frequently constructed at national or regional scales, masking local patterns essential for planning and intervention.90 In addition, with the growing number of databases and indicators, there is an increasing need for systemic validity tests that compare different indicator approaches and datasets.91 Finally, there are few empirical and comparative studies that conduct multi-hazard, cross-region comparisons of mobility patterns.
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	6: Conclusion
	Taken together, these findings suggest that future progress in climate migration indicators is more likely to come from improved alignment between indicator design and policy purpose than from refined predictive capability. The applications reviewed suggest that indicators are most effective when they support anticipatory planning and identification of potential pressures on receiving and sending regions, rather than when they aim to forecast exact migration outcomes. Scenario-based models offer promise in this regard, as they provide multiple narratives rather than single point estimates, allowing governments to prepare for a range of plausible futures and evaluate trade-offs across policy pathways.92 The use of standardized simulation protocols and climate scenarios (such as the RCPs and SSPs) can further enhance comparisons of alternative models, facilitating learning across models. Another critical next step for the field is to quantify the uncertainty in each model through confidence intervals, sensitivity analyses, and transparent reporting of assumptions.93 Incorporating uncertainty will lead to detailed calibration of indicators and also enable policymakers to target additional data collection or other interventions in places with larger uncertainty.
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