establishment of standards for different
types of deliberative and analytic processes.

Research, case studies, and pilot projects
are testing approaches to meet these chal-
lenges, and a useful next step is to organize
evaluation and social learning to establish
good practices and technical guidance. One
option is to incorporate evaluation into as-
sessments such as the Intergovernmental
Panel on Climate Change and the US
National Climate Assessment to establish a
knowledge foundation for climate services.
This would create standards for services
delivered through international organiza-
tions, the private sector, academia, and
public agencies (to ensure availability of
services for underserved, low-income com-
munities) (I5). Another is an open-source
wiki for climate solutions that would enable
a more diverse range of knowledge holders
to interact and curate guidance on good
practices on an ongoing basis, emphasizing
sources of credible information.

Another opportunity is to expand the use
of intermediaries—individuals and institu-
tions that facilitate interactions between
stakeholders and experts (8). Many interme-
diary skillsets are necessary for the different
stages of deliberative planning, financing,
tactical implementation, and ex-post moni-
toring of relocation actions. Given the po-
tential for contested needs and values, it is
important that intermediaries be aware of
how they can unintentionally affect power
relationships or outcomes—for example, by
using types of knowledge, analysis metrics,
or visualizations that favor the perspectives
of one group or another. A “critical prag-
matic approach” highlights the importance
of this awareness and of designing and criti-
cally evaluating deliberative processes where
conflicts between parties are not reduced
to simple consensus-driven debates (II). A
variety of measures are needed to increase
the number and efficacy of intermediaries,
including professional certification; greater
recognition, including in promotion and ten-
ure processes; and increased funding.

Harness emerging innovations in
community science and data analytics
Innovations in community science, sensing,
and data analytics hold great promise in
providing insights for planned relocation if
privacy, equity, and other concerns such as
maladaptive applications of generic algorith-
mic or sensing tools are addressed (75). Com-
bining these innovations with monitoring
investments in socioeconomic data offers the
potential to better capture the interdepen-
dent evolution of human and natural systems
that shape the experiences and prospects of
populations facing relocation. For example,
high-resolution models of flooding magni-
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tude and extent might be available for an
area, but data are missing on how inequities
in agency and justice interact with exposure
to hazards to shape the prospects of using
planned relocation to improve people’s lives.

These innovations will increase the util-
ity of standard modes of multidisciplinary
scientific research that combine hazard
predictions, engineering, financial, and
other analyses to inform technical solu-
tions that contribute to physical transitions.
Additional methodological advances that
have not yet been fully exploited include
improved projections of hazards at various
spatial scales; research on coastal habitat
loss and nature-based solutions; new data
sources, indicator-based assessments, and
demographic modeling to identify vulnera-
ble populations; and practice standards for
using global change risk analytics in engi-
neering and other professions. This contex-
tualized technical knowledge can provide
insights for sequencing transitional risk re-
duction and protection measures.

REALIZING JUST RELOCATION
Revolutionizing the role of science to focus
on conditions that will affect the ability of
society to identify just relocation pathways,
build agency, and implement strategies un-
der uncertainty will require a “pluralistic
and integrated approach to action-oriented
knowledge” (6). Such an approach will in-
crease confidence in the ability of com-
munities to successfully navigate planned
relocation on the massive scales at which
it is likely to be required. It must build a
more ethical and responsible approach that
serves those affected.
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Assessing
human
habitability
and migration

Integrate global top-down
and local bottom-up analyses

By Radley M. Horton?, Alex de Sherbinin?,
David Wrathall®, Michael Oppenheimer*

abitability loss is increasingly recog-

nized as an important dimension of

climate risk assessment and one with

complex linkages to migration. Most

habitability assessments, like climate

risk assessments more generally, are
based on “top-down” approaches that apply
quantitative models using uniform meth-
odologies and generalizable assumptions at
global and regional scales, privileging physi-
cal sciences over social science-informed
understandings of local vulnerability and
adaptive capacity. Many assessments have
focused on a single climate hazard threshold
(such as permanent inundation or the I-in-
100-year flood), and a subset have implied
that outmigration may be one of the few vi-
able adaptation responses (Z). There is a risk
that such climate determinism minimizes the
potential for human agency to find creative,
locally appropriate solutions. Although top-
down modeling can serve a useful purpose
in identifying potential future “hot spots” for
habitability decline and potential outmigra-
tion, only by integrating “bottom-up” insights
related to place-based physical systems and
social contexts, including potential adaptive
responses, will we arrive at a more nuanced
understanding. This integrated framework
would encourage development of policies
that identify the most feasible and action-
able local adaptation options across diverse
geographies and groups, rather than options
that are deterministic and one-size-fits-all
and encourage binary “migrate or not” deci-
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sions. We propose a set of recommendations
centered around building the research and
assessment knowledge base most needed to
inform policy responses around habitability
loss and migration.

DEFINING AND ASSESSING HABITABILITY
We define habitability as the environmental
conditions in a particular setting that support
healthy human life, productive livelihoods,
and sustainable intergenerational develop-
ment. Climate change may undermine one
or more of the following associated, inter-
acting, dimensions of habitability: basic hu-
man survival (2), livelihood security (3), and
societies’ capacity to manage environmental
risks (4). Rapid rates of climate change and
departures from historical variability ranges
can increase risks, especially when coupled
with nonclimate stressors. In such instances,
threats to habitability may be evident in
changing flows of human migration, whether
forced or voluntary (5).

Most habitability assessments have relied
on outputs from top-down models. This ap-
proach is conducive to system-level predic-
tion, producing quantitative outputs that are
globally comparable, such as single physical
hazard thresholds that are either assumed
or empirically based. Much recent work re-
flects a blend of long-term, high-resolution
historical climate data where available, com-
bined with projections across a large suite of
global climate models driven by multiple rep-
resentative concentration pathways (RCPs)
representing trajectories of greenhouse gas
concentrations. Another critical element is
inclusion of extreme events, often expressed
as a frequency of occurrence or a magnitude
associated with a given recurrence period. In
turn, top-down demographic and economic
models, which form the basis for the shared
socioeconomic pathways (SSPs) projecting
global socioeconomic trajectories, provide
a picture of future population and develop-
ment that can also inform projections of
people and assets at risk. Climate projections
can also drive sectoral impact assessments—
for example, empirically by extending histori-
cal statistical relationships between climate
variability and the affected sector. More com-
monly, projections from standardized climate
simulations drive sectoral impact models
that dynamically simulate key features, such
as crop growth. Top-down migration mod-
els use relative changes in sectoral impacts
across regions along with other information
as a means of projecting future population
flows. Thus, these models project responses
to habitability changes in regions where vary-
ing conditions may lead to outmigration, in-
migration, or both.

The standardized nature of top-down meth-
ods facilitates comparisons—for example, of
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regions most at risk of crossing habitability
thresholds associated with a climate hazard,
and when. The top-down perspective can also
reveal large-scale trends and interconnected
features of global systems. However, there are
several limitations. First, local and regional
geophysical and sector-specific factors can
drive hazards and risks at scales missed by
global analyses. Second, less-modeled, place-
specific characteristics of populations, such
as health and socioeconomic status, shape
both exposure and vulnerability. Third, adap-
tation choices and activities are embedded in
historical context and culturally specific indi-
vidual and community values and objectives
that cannot easily be incorporated in models.
Fourth, high-impact outcomes—associated,
for example, with compound extreme events
and abrupt changes in climate, ecological,
and social systems—may be underestimated
because of top-down model limitations such
as the inability to credibly resolve evolving
correlation structures across variables, space,
and time, and key system sensitivities and
feedbacks within and across systems (6). For
example, climate phenomena teleconnected
across great distances may lead to “breadbas-
ket” failures in key food-producing regions
and price shocks that can seriously reduce
food security among vulnerable populations
far away from the regions experiencing the
climate stress.

Fortunately, top-down approaches are
increasingly being paired with bottom-up
approaches that offer a specificity that can
help address these challenges. Bottom-up
conceptual and/or computational modeling
of complex adaptive systems can be designed
to simulate the local experience of losing
habitability over time. In the breadbasket
case above, models of local responses can be
paired with global models of international
food trade that set boundary conditions. For
example, agent-based models (ABMs) set
up simulations with agents empirically cali-
brated to behaviorally respond to changing
environmental conditions: the loss of assets
and livelihood opportunities, threats to life,
and changing structure of social networks.
Modeling can be trained on local data to un-
derstand and predict important feedbacks at
higher spatial and temporal resolution than
is possible with global models. ABMs can be
calibrated to examine a range of individual-
actor preferences and test the effect of local
decision-making to plausibly depict trade-
offs among adaptation options, including mi-
gration (7). As another bottom-up example,
qualitative information can be coproduced
with diverse stakeholders, including sub-
ject matter experts, to explore high-impact
scenarios and local solutions that will be
missed by top-down approaches. Of course,
bottom-up approaches have their limitations
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as well. For example, their specificity makes
it difficult to compare across geographies and
groups, and individual methodological deci-
sions can appear arbitrary. Furthermore, bot-
tom-up computational models such as ABMs
are still limited by a lack of empirical data
with which to calibrate model parameters.

CLIMATE HAZARDS AND HABITABILITY
Here, we walk through the habitability
challenges of two climate hazard examples,
demonstrating the strengths and limita-
tions of top-down approaches and how
bottom-up perspectives lead to different
policy-relevant insights.

Sea level rise and extreme sea level events
Recent years have seen growing complexity
and nuance in assessments. Global assess-
ments have supplemented climate model
outputs by considering a broad range of sea
level change components and including, for
example, expert elicitation as a means of es-
timating low-probability, high-consequence
outcomes (8). High-spatial-resolution digi-
tal elevation models and consideration of
changes in the frequency and intensity of
societally relevant metrics such as recur-
rence intervals and extreme values of coastal
high water have been integrated into global
products. Using many of the above advances,
Kulp and Strauss estimated that the number
of people exposed annually to coastal flood-
ing under constant population could increase
from 250 million people today to, by 2100,
310 million to 420 million under an interme-
diate scenario to 380 million to 630 million
under a high-end scenario (I). Other studies
have included changes in storms, hyper-local
positive correlations between population
density and subsidence, population projec-
tions consistent with SSP-RCP combinations,
and assets at risk.

Additional refinements have focused on
specific coastal locations, adding -critical
context at the expense of global informa-
tion. For example, Storlazzi et al. framed
their assessment of tipping-point risks to
atolls around two metrics—annual over-
wash events that threaten infrastructure,
and salinization of groundwater—that are
specifically relevant for atolls given their
small size, uniformly low elevation, and
relative isolation and found that habitabil-
ity is threatened in most atoll islands by
the middle of the 21st century, far sooner
than permanent-inundation-based stud-
ies would suggest (9). Some local studies
have included dynamic interaction between
coastal waters and adjacent landforms.
Other local and regional studies have con-
sidered social dimensions of human vulner-
ability, as well as in situ adaptation, using
empirically calibrated agent-based liveli-
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hood decision models that span multiple
climate, RCP, and SSP scenarios (7).

The three dimensions of habitability
demonstrate why no single coastal flood
metric threshold can be determined in a
top-down way. For the direct survivability
dimension, key factors include future flood
control, feasibility of evacuation, and the
stochasticity of individual storms. For live-
lihood, saline intrusion, for example, could
benefit some sectors such as specialized
aquaculture, even as it harms most sectors
and people. And for the societal resilience
dimension, large-scale factors such as lev-
els of inequity, strength of governance and
social networks, and quality of infrastruc-
ture will be critical. As sea levels rise and
coastal flooding becomes more common,
social, economic, and political factors in

Extreme heat

Most assessments of future heat hazards have
considered temperature only, although recent
efforts are increasingly adopting a compound
events framework—for example, considering
how co-occurring extremes of high tempera-
ture and high humidity can modulate threats
to habitability. Humid heat is particularly
harmful to human health and the ability to
engage in outdoor activities. Sherwood and
Huber described a wet bulb temperature of
35°C as a threshold above which humans
could not survive beyond approximately 6
hours owing to physiological and thermody-
namic limits on the ability to cool through
perspiration (2). Model-based studies have
projected that this threshold could be crossed
in the Persian Gulf and South Asia during the
second half of the 21st Century under a high-

Frequent exceedance by 2100 of historically rare climate thresholds
Under the high-emissions scenario RCP8.5, at most coastal locations extreme sea level events historically
defined as 1-in-100-year events are projected to range in frequency from once per year to more than 10 times
per year due to the effects of sea level rise alone. Only point locations where historical event data are available
are shown. Projected number of days per year by 2100 exceeding a 33°C wet bulb globe temperature (WBGT)
in a high-emissions scenario are also depicted. Under standard assumptions of wind and solar radiation, a
WBGT of 33°C corresponds to a wet bulb temperature of roughly 31.5°C. [Sea level data are from figure 4.12 in

(8); WBGT data are from figure 3in (12).]

Extreme sea level (occurrences per year) WBGT return periods (occurrences per year)

>6-9 ®>9-12 @>12 @>50 @ >40-50 @ >30-40 ® >20-30 ® >10-20

®1-3 ©>3-6

o o .: &:

¢ : X

" 1'-. o®

. ¥ . ..

Y o: TS 4
. = .
X R
P g

some locations will conspire to induce
sudden loss of habitability far sooner than
physical hazard-based thresholds such as
permanent inundation would suggest, as
risk perception and long-term economic
viability shift. For example, increases in in-
surance premiums could negatively affect
asset values and tax revenues, leading to
deteriorating infrastructure and services.
The timing of such threshold-crossing can-
not be predicted on the basis of top-down
models alone. In some instances, shocks
can lead to rapid learning, adjustment, and
in situ adaptation, at least temporarily.
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emissions scenario (I10). However, a finer-
scale study found that this threshold has
already been briefly crossed multiple times
in populous cities.

Although an absolute habitability thresh-
old exists for the survivability dimension of
extreme humid heat, some people will lose
their ability to thermoregulate at much lower
wet bulb temperatures. Mortality rates of the
elderly, those with chronic health conditions,
and those involved in strenuous activity rise
dramatically well below the 35°C wet bulb
threshold. In terms of the livelihood dimen-
sion, at ~3.5°C of global warming above pre-
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industrial levels, de Lima et al. project that
in Sub-Saharan Africa and Southeast Asia
increases in humid heat may decrease ag-
ricultural labor productivity by 30 to 50%,
leading to larger agricultural sector impacts
than are associated with direct temperature
and CO, effects on crops (II). However, air
conditioning and other adaptations will en-
able—indeed, have enabled—some people
to continue to live in places that exceed the
35°C threshold. Such an outcome increases
inequity because those with no option but
to work outdoors, or no access to affordable
air conditioning, would be forced to migrate.
And even for those with air conditioning, the
third dimension of habitability—society’s ca-
pacity to manage environmental risks—will
be tested in unforeseen ways because it will
be critical that air conditioning not fail.

Sea level rise and extreme humid heat are
far from the only climate hazards that have
been assessed in the literature for potential
habitability thresholds. For example, changes
in surface moisture fluxes as mean precipita-
tion and temperature shift are projected to
have large impacts on dryland agriculture,
fire regimes in forests, and water availability
downstream from snow and glacier reser-
voirs. These and other hazards and impacts
may overlap and interact across scales to af-
fect habitability in complex ways, such as by
potentially increasing the risk of conflict.

Areas where current-day rare extreme sea
level and humid heat events will occur with
high frequency by the end of the century un-
der a high emissions scenario of sea level rise
and warming are identified in the figure (8,
12). The two metrics, corresponding to the
current 1-in-100-year extreme sea level event
and a wet bulb globe temperature of 33°C,
respectively, are emblematic of top-down
approaches. They thus represent an impor-
tant point of entry for engagement with the
bottom-up insights described above, as a step
toward more nuanced habitability and mi-
gration assessments.

LINKING HABITABILITY TO

CLIMATE MIGRATION

Migration may result from threats to sur-
vival, upended livelihoods, or the breakdown
in the collective capacity to adapt (5). How-
ever, research on climate change and migra-
tion makes clear that an even broader set of
factors undergird migration decision-mak-
ing. A decision to move is ultimately a per-
sonal or household judgment on factors that
include local habitability. Involuntary migra-
tion occurs when people lack agency about
the key dimensions of mobility, including the
timing, destination, or duration of mobility
or whether to migrate at all. Where agency
is extremely low, involuntary migration may
take different forms, including temporary or
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permanent displacement and distress migra-
tion. Distress migration—mass migration or
displacement related to rapid deterioration
in local circumstances—is a humanitarian
concern because of the need for emergency
interventions to avoid poor outcomes. Dis-
tress migration has been a common phenom-
enon throughout history but has risen and
fallen on the global policy agenda largely as
a function of whether or not wealthy indus-
trialized countries are destinations. Also of
humanitarian concern is the phenomenon of
involuntary immobility, in which people are
unable to move without help—the population
most likely to require assistance relocating
under managed retreat programs. Avoiding
distress migration and involuntary immobil-
ity in favor of safe and orderly migration, as
advanced by the Global Compact on Migra-
tion, is now a global policy priority, and the
Compact calls on governments to “strengthen
joint analysis and sharing of information to
better map, understand, predict, and address
migration movements” as a result of climate
change impacts—all of which are essential as-
pects of habitability assessment.

Many assessments posit some form of
forced migration as an inevitable outcome
of declining habitability. Yet, environmental
stress rarely directly results in migration but
works through a complex array of economic,
demographic, social, and political proximate
determinants that both initiate and sustain
or modify flows. In any given population
exposed to climate risks, different segments
of the population respond to hazards dif-
ferently and at different points in time, and
as such, migration evolves with habitability
through time. Whereas some may be able
to migrate from deteriorating conditions
without assistance, others may become im-
mobile owing to limited options and insuf-
ficient resources, suffering progressive im-
poverishment and vulnerability unless social
protection or planned relocation efforts are
implemented (5). In situ adaptation, facili-
tated migration, and improving reception of
migrants in (largely urban) destination areas
are often more appropriate policies in these
regions. Managed retreat has been proposed
as a strategy for regions with declining hab-
itability, but as a largely technical package
of responses that includes buyouts, incen-
tives, and planned relocation, among others,
it does not currently translate well to most
developing-world circumstances.

The relationship between habitability and
migration may be counterintuitive, as illus-
trated by the lack of evidence for migration
away from low-lying delta areas despite acute
risks (7). Migration itself affects habitability
for those who are unable or unwilling to leave
increasingly vulnerable circumstances, either
positively, such as through incoming remit-
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tances, or negatively, such as through outmi-
gration of the working-age demographic stra-
tum and subsequent changes in economic
dynamism and livelihood options. Flows may
begin owing to entrenched poverty and envi-
ronmental risks and then be sustained as mi-
grant social networks lower barriers for those
who initially remained behind.

Although migration offers possibilities for
advancing human well-being, as multiple di-
mensions of habitability are compromised,
resulting forced migration will negatively
affect human well-being. Migrants risk new
constraints in urban informal settlements,
and displaced persons may become per-
manently disconnected from their original
communities and livelihoods in resettlement
communities or refugee camps (13). Although
top-down assessments oversimplify likely mi-
gratory responses to habitability declines,
this does not necessarily imply that migration
flows are overestimated. Multiple factors are
driving migration in developing regions to
varying degrees, including poor governance,
perceived lack of opportunities, conflict, in-
dividual extreme events, and in some cases,
climate-catastrophic discourses that add to a
sense of hopelessness (14). Deeper and more
contextualized understandings of migra-
tion dynamics aid in policy design, but the
threats that result from declining habitability
in combination with other drivers are real
and may lead to substantial displacement of
populations across a range of spatial scales.

A PATH FORWARD

Top-down, threshold-based habitability as-
sessments can serve a critical role in helping
to identify priority regions and groups for
integrated bottom-up work while revealing
interactions in global systems that cannot be
gleaned from the bottom-up work alone. In-
tegration not only leads to better predictions
of when and where habitability may dimin-
ish but also can be used to inform adaptation
responses that themselves help preserve or
restore habitability. Bottom-up assessments
by definition provide finer, local resolution,
and their richness of detail means that they
require diverse participation and methods.
To date, most locales have not been subject
to such integrated habitability assessment.
We thus encourage transdisciplinary, long-
term coupled top-down and bottom-up hab-
itability assessment [for example, (I5)] to
complement and augment efforts such as the
Inter-Sectoral Impact Model Intercompari-
son Project (ISI-MIP), which has contributed
so much to our understanding of potential fu-
ture climate impacts on sectors such as agri-
culture, water, ecosystems, and health. Initial
model intercomparison could focus on what
regions and groups face diminishing habit-
ability under different model configurations.
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Particularly where models agree on poten-
tial habitability hot spots, bottom-up mod-
eling experiments could be conducted and
compared on specified challenges to human
survival, livelihoods, and capacity to man-
age risk, although standardization would be
needed. The Intergovernmental Panel on Cli-
mate Change (IPCC) and national efforts can
also help to develop this still inchoate middle
space between top-down and bottom-up ap-
proaches to habitability and migration. Mi-
gration is emerging as a cross-cutting theme
throughout the current IPCC assessment,
and a special report on habitability and mi-
gration would both advance the knowledge
base and showcase emerging methodologies.
As one example, a climate change detection
and attribution dimension would help in-
form dialogues about loss and damage under
the Paris Agreement. Likewise, a discussion
on migration across the Reasons for Con-
cern commonly used in IPCC assessments (5)
would allow us to distinguish how climate-
induced migration, distress or otherwise, is
distinct from other forms of migration.

The complexity of the assessment chal-
lenge calls for a holistic, people-centric ap-
proach in which models, data aggregation,
and ethnographic work are all advanced.
Sectors such as engineering, hydrology, and
reinsurance, that have historically been
overreliant on physical models and hazard
thresholds, operate at a scale that is ripe for
habitability-relevant innovations at the in-
terface between top down and bottom up. In
this middle space, models could be used to
examine policy scenarios instead of learning
occurring exclusively from costly, time-con-
suming, real-world policy interventions that
may put vulnerable people at risk. Greater
communication among modelers will be key,
and models must be validated with on-the-
ground local research. To support migration
and habitability modeling specifically, this
would include data on when, where, and why
people have moved or considered moving,
how they define habitability, and the policy
conditions that determine mobility outcomes
(14). Furthermore, bottom-up research must
account for the place-specific characteristics
of populations—such as assets, livelihood op-
portunities, and social networks—that shape
both exposure and adaptation. Investments
in place-based social science thus help ad-
dress data gaps, providing ground-truthing
that will strengthen simulations of the out-
comes of interventions. Investments in early-
warning systems could help to anticipate
where distress migration may happen, a key
step in informing policy.

The shortcomings of adaptation planning
and policy at current risk levels in wealthy
countries hint at the global challenges ahead
in a changing climate. In the United States,
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Air conditioning, such as in Rajasthan, Udaipur, India, will enable some people to continue to live in places that
exceed the 35°C threshold. Those with no access to affordable air conditioning could have little choice but to migrate.

for example, federal and local risk assess-
ments—let alone policies—are not presently
centrally coordinated or comparable. There
is woefully insufficient funding available
for bottom-up adaptation efforts from the
better-financed federal level. Policies toward
population mobility—whether planned, in-
ternal responses or immigration from other
countries—vary from inconsistent over time
to incoherent and sometimes inhumane.
Coproduction of knowledge across diverse
groups will be a precondition for any break-
throughs. In some instances, a starting point
may be to bring preexisting top-down habit-
ability and migration assessments to commu-
nities, provided that community feedback is
collected and integrated iteratively and be-
fore key policy decisions are made. In other
instances, stakeholder engagement may be-
gin with fewer top-down, nonprobabilistic
approaches that can be developed with com-
munities, such as storylines and scenarios.
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Storylines and scenarios lend themselves to
exploration of the uncertainties that most in-
fluence habitability locally (for example, the
potential for changing correlation structures
in models) and which adaptation strategies
should be explored for which groups. Deeper
stakeholder engagement, coupled with the
other recommendations above, thus provides
a foundation for colearning, iteration, and
developing flexible approaches to the chal-
lenge of diminishing habitability.

To the extent that top-down, threshold-
based approaches are used to define habit-
ability universally, there is a risk of assuming
a high likelihood of uniform outmigration or
concluding with blanket policy recommenda-
tions around managed retreat. Basing assess-
ments on nuanced definitions of habitability
and integrating top-down with bottom-up
approaches could encourage a broader range
of policies tailored to specific locations and
groups, including regions that have been
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put forth as likely receiving areas. A focus
on the dimensions of habitability presented
here, and bottom-up approaches, will invari-
ably alter top-down projections of migration.
Under wetbulb temperatures exceeding 35°C,
high levels of outmigration from the Persian
Gulf may be avoided if air conditioning is
widely available and alternative livelihood
options develop for those who would oth-
erwise work outdoors. However, there will
be regions where social tipping points and
a sense of prevailing pessimism about the
future—for example, owing to evolving risk
perception or disinvestment by the private or
public sectors—could contribute to outmigra-
tion far sooner and more suddenly than top-
down habitability threshold-based methods
would suggest. Global, regional, and national
migration policies themselves will also play
an important role in facilitating or impeding
migration.

What is already clear is that climate
change will result in shifting population dis-
tributions and that this process will overall
be harmful to the most vulnerable, including
those who may be “trapped” in deteriorat-
ing circumstances. For the reasons described
here, and as a matter of climate justice, many
semi-arid regions, much of the tropics, and
some low-lying deltas and islands should
be high priorities for integrated transdisci-
plinary work on habitability risks and major
investments in adaptation. But only by tak-
ing into account the complexities described
here will we avoid climate determinism and
instead implement proactive policies on ad-
aptation and migration that in particular will
address the needs of the most vulnerable.

REFERENCES AND NOTES

1. S.A.Kulp,B.H.Strauss, Nat. Commun.10, 4844 (2019).

2. S.C.Sherwood, M. Huber, Proc. Natl. Acad. Sci. U.S.A.
107,9552 (2010).

. T.Tanneretal.,Nat. Clim. Chang.5,23 (2015).

. J.Barnett, W.N.Adger, Annu. Rev. Environ. Resour. 43,

245(2018).

R.McLemanetal., Clim. Change 165, 24 (2021).

. N.Simpsonetal., One Earth 4,489 (2021).

. A.R.Belletal.,Environ. Res. Lett.16,024045 (2021).

. M.Oppenheimeretal.,inIPCC Special Report onthe
Oceanand Cryosphere ina Changing Climate, H.-O.
Portneretal., Eds. (IPCC, 2019).

9. C.D.Storlazzietal.,Sci.Adv.4,eaap9741(2018).

10. C.Raymond, T.Matthews, R.M.Horton, Sci. Adv. 6,
eaaw1838 (2020).

11. C.Z.delimaetal.,Environ. Res. Lett.16,044020
(2021).

12. D.Li,J.Yuan,R.E.E. Kopp, Environ. Res. Lett.15,064003
(2020).

13. A.Heslinetal.,inLoss and Damage from Climate Change
(Springer, 2019), pp. 237-258.

14. H.Adams, S.Kay, Environ. Sci. Policy 93,129 (2019).

15. K.Grace, S. Siddiqui, B. F. Zaitchik, Nat. Food 2,1 (2021).

S~ w

oo o

ACKNOWLEDGMENTS

The authors thank four anonymous reviewers and C. Lesk
for comments and K. MacManus for assistance with the map
figure. R.M.H.and A.d.S. were supported by the Columbia
Climate School and its Earth Institute, and A.d.S. received
funding from NSF award 1934978.

10.1126/science.abi8603

18 JUNE 2021 » VOL 372 ISSUE 6548 1283

1202 ‘0€ 1oquueydos uo AJISISATUN JI0 & MIN] I S10°00ua10s mmm//:sdyy wolj papeojumo



Science
Assessing human habitability and migration

Radley M. HortonAlex de SherbininDavid WrathallMichael Oppenheimer

Science, 372 (6548),

View the article online

https://www.science.org/doi/10.1126/science.abi8603
Permissions

https://www.science.org/help/reprints-and-permissions

Use of think article is subject to the Terms of service

Science (ISSN 1095-9203) is published by the American Association for the Advancement of Science. 1200 New York Avenue NW,
Washington, DC 20005. The title Science is a registered trademark of AAAS.

Copyright © 2021 The Authors, some rights reserved; exclusive licensee American Association for the Advancement of Science. No claim
to original U.S. Government Works

1202 ‘0€ 10quueydos uo AJISISATUN JI0 A MIN] I S10°00UsI0s mmm//:sdyy wolj papeojumo(]


https://www.science.org/about/terms-service

