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I want to set some context for climate
migration



warming is on the march

2023-2024

YEAR 3Adapted from Z. Hausfather (2024)



climate impacts abound

ACCELERATING “REMARKABILITY” OF 
GLOBAL WARMING

A PERSON BORN IN 1950 HAS EXPERIENCED 
A YEAR’S WORTH OF DAILY TEMPERATURE RECORDS

NEWS ARTICLES ABOUT RECORD-BREAKING HEAT
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climate impacts abound

A PERSON BORN IN 1950 HAS EXPERIENCED 
A YEAR’S WORTH OF DAILY TEMPERATURE RECORDS
A PERSON BORN TODAY WILL EXPERIENCE THAT
BEFORE 2050

POPULATION-WEIGHTED GLOBAL DAILY TEMPERATURE RECORDS
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we are just learning their costs

~$30T IN GLOBAL INCOME LOSS
DUE TO GLOBAL-WARMING-CAUSED
EXTREME HEAT (1992–2013 PERIOD) 

ECONOMIC LOSSES FROM EXTREME HEAT

5Callahan & Mankin, Sci. Adv. (2022)



we are poorly adapted

2023 EL NIÑO

2023 EL NIÑO

6Based on methods from Callahan & Mankin, Science (2023)
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so people move to manage stress
1 in 75 PEOPLE ON EARTH 

HAVE FACED SOCIAL DISRUPTIONS THAT HAVE FORCED THEM TO MOVE
~62 MILLION INTERNAL DISPLACEMENTS IN 2022

7UNHCR (2024)



with that context, two things I want to
consider:

1. the merits to developing an Earth Systems perspective on
climate migration

2. the challenges to doing so
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MITIGATION, ADAPTATION, & DAMAGE

ENDOGENIZE PEOPLE IN MODELS OF THE CLIMATE SYSTEM

1. VALUE TO CLIMATE PROJECTION
2. VALUE TO INFORMING SOUND INTERVENTION
3. VALUE TO JUSTLY ASSESSING THE COSTS OF INACTION
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ENDOGENIZING THE ECONOMY IN OUR EARTH SYSTEM MODELING ALLOWS US TO

 QUANTIFY PARTICULAR HARMS ATTRIBUTABLE TO PARTICULAR CORPORATE ACTORS 

$9T IN LOSSES OVER 1991-2020
FROM EXTREME HEAT ATTRIBUTABLE 
THE FIVE FIRMS SHOWN AT LEFT

13Callahan & Mankin, in review ; Callahan & Mankin, Clim. Chg. (2022); Mankin & Callahan, Lawfare (2022)



with that context, two things I want to
consider:

1. the merits to developing an Earth Systems perspective on
climate migration

2. the challenges to doing so



integration across disciplines is hard
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CLIMATE CHANGES

DIRECT IMPACTS

INDIRECT IMPACTS

2nd INDIRECT IMPACTS

TEMPERATURE CHANGES

CROP YIELD LOSS

LIVELIHOOD LOSS

MIGRATION

FRAMEWORK EXAMPLE

& DATA BECOMES
MORE LIMITED

OR ELUSIVE

REQUIRES
RECONCILING

DIFFERING:

SPATIOTEMPORAL
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OF UNCERTAINTY

FORMS OF
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15Moore, Mankin, & Becker (2015)



integration across disciplines is hard

EN
G

IN
EE

RI
N

G
SO

CI
A

L 
SC

IE
N

CE
S

N
AT

U
RA

L 
SC

IE
N

CE
S

CLIMATE CHANGES

DIRECT IMPACTS

INDIRECT IMPACTS

2nd INDIRECT IMPACTS

TEMPERATURE CHANGES

CROP YIELD LOSS

LIVELIHOOD LOSS

MIGRATION

FRAMEWORK EXAMPLE

& DATA BECOMES
MORE LIMITED

OR ELUSIVE

REQUIRES
RECONCILING

DIFFERING:

SPATIOTEMPORAL
SCALES

CHARACTERIZATIONS
OF UNCERTAINTY

FORMS OF
PREDICTION

LEVELS OF
ABSTRACTION

15Moore, Mankin, & Becker (2015)



we want to know the social impacts of
climate change

to make such assessments, we need data, which is often
unavailable or interpolated

data gaps map to most vulnerable and exposed, implying that
we are systematically underestimating the impacts (and thus

costs) of climate inaction, especially among the most vulnerable



data emerge from power & profit

DATA COLLECTION IS A FUNCTION
OF THE PRIVILEGE, PRIORITIES, AND 
VALUES OF THE DATA COLLECTOR

WE CAN ESTIMATE HISTORICAL
AND FUTURE HOME RUNS IN 
MAJOR LEAGUE BASEBALL FROM
GLOBAL WARMING. 

WHAT OF ALL THE IMPACTS WE
CANNOT ASSESS OWING TO DATA
LIMITATIONS?

19Callahan, Dominy, De Silva, & Mankin, BAMS (2022)



data poverty on the social side

REPRESENTATIVE DATA 
ON KEY DEVELOPMENT & 
WELL-BEING INDICATORS 
ARE SPORADIC (AT BEST)
IN THE LOW-INCOME WORLD

20Burke et al. (2021)



data poverty on the physical side

OUR WEATHER MEASUREMENTS HAVE SYSTEMATIC GAPS

21O’Shea & Mankin (in prep)



data poverty on the physical side

STATION-DATE ANOMALIES [BEST DATA]

21O’Shea & Mankin (in prep)



& they reflect underlying inequities

22O’Shea & Mankin (in prep)



to summarize:

an Earth Systems perspective on climate migration has merits,
but it must first help articulate and rectify data gaps, lest it
reinforce overly reductive and deterministic models of human

tragedy



cmig support from

with thanks to Neukom, the Wright Center, and the

Rockefeller Center

collaborators C. Callahan, A. Gottlieb, M. O’Shea, F.

Perlmutter
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underestimating costs: predictor

DATA GAPS CAN MEAN ENDOGENEITY PROBLEMS

25Schultz & Mankin, AJPS (2019); Washington Post (2019)



underestimating costs: predictor

DATA GAPS CAN MEAN ENDOGENEITY PROBLEMS

MEASUREMENT ERROR CAUSES BIASES IN CRU DATA, 
WHICH BIASES CLIMATE-CONFLICT ESTIMATES
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 CRU TS WEATHER STATIONS IN SUB-SAHARAN AFRICA

25Schultz & Mankin, AJPS (2019); Washington Post (2019)



underestimating costs: predictor

BUT INSTEAD WE ARE ESTIMATING:

“INDEPENDENT” CLIMATE VARIABLE
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WE WANT TO ESTIMATE:

For example, if 25% of the variance of W comes from measurement
error, then your reliability ratio will be 0.75, so βW = 0.75βX.

MEASUREMENT ERROR IN PREDICTOR IMPLIES:
(1) TRENDS OBSCURED; (2) BIASED ESTIMATES; (3) STATISTICAL POWER LOSS

25Schultz & Mankin, AJPS (2019); Washington Post (2019)



underestimating costs: predictand

26Callahan & Mankin (2022)



underestimating costs: predictand

AND GDP IS A SHALLOW MEASURE
(DOES NOT CONSIDER NONMARKET OR DISTRIBUTIONAL IMPACTS)

26Callahan & Mankin (2022)



for example, climate and violence
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WARMER 
TEMPERATURES

ARE ASSOCIATED
WITH HIGHER

CONFLICT RISKS
HISTORICALLY

27Mankin & Schultz (revising)



for example, climate and violence
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HOW DO WE RESPONSIBLY 
EXTRAPOLATE

THIS RELATIONSHIP?

USE MODEL
PROJECTIONS
OF WARMING

27Mankin & Schultz (revising)



for example, climate and violence
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PERHAPS
THE RELATIONSHIP

IS LINEAR?

27Mankin & Schultz (revising)



for example, climate and violence
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OR MAYBE IT’S
NONLINEAR?

27Mankin & Schultz (revising)



for example, climate and violence
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IN SOCIO-PHYSICAL SYSTEMS,
THE PAST MAY NOT BE 

A MEANINGFUL ANALOGUE
FOR THE FUTURE

WHICH OF 
THESE IS “RIGHT?”

27Mankin & Schultz (revising)




