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Cohort-component population projections require knowledge about fertility, 
mortality and migration
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Outline of the talk

• Why considering the climate feedback on population dynamics?
• Synthesizing the evidence — What do we know about …?
‐ Climate impact on migration
‐ Climate impact on mortality
‐ Climate impact on fertility
• Key findings and way forward
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Will greater frequency 
and intensity of climate 

hazards push 
vulnerable populations 
out of their home also 

in Europe?

Will there be 
mass migration of 
climate migrants 

coming to 
Europe?

CLIMATE IMPACT ON MIGRATION
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Systematic literature review and meta-analysis suggest some consistent patterns

• Often involve shorter distance or 
internal migration (Borderon et 
al. 2019; Hoffmann et al. 2020, 
2021; Thiede et al. 2024)

• Those who migrated are not the 
poorest, nor the richest 
(Hoffmann et al. 2020; Sedova et 
al. 2021)

• Climate-related migration more 
frequent in agriculture-
dependent, rural areas

• Conflict mediates the relationship 
between exposure to climatic 
shocks and migration (Abel at al. 
2019; Hoffmann et al. 2020)

Source: Hoffmann, R., Abel, G., Malpede, M., Muttarak, R. & Percoco, M. (2024). 
Nature Climate Change.

https://www.nature.com/articles/s41558-024-02165-1
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Does conflict amplify the impact of climate on migration? – Compound risks

Source:  Kavakli, K., Deuster, C., Ghislandi, G.,  Hoffman, R., Kemp, W., Muttarak, R. Wittgenstein Centre Conference 2025.

https://www.oeaw.ac.at/fileadmin/subsites/Institute/VID/PDF/Conferences/2025_Migration/slides/S3.4_Ghislandi_WIC2025_presentation.pdf
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Predicted probability of migration aspiration by conflict intensity and drought 
exposure

• When both conflict and 
drought exposure are high, the 
predicted probability of 
migration aspiration reaches 
approximately 0.45

‐ an absolute increase of 23 
percentage points above the 
sample mean (0.22) percent.

• This is twice as much as the 
baseline value!

Source:  Kavakli, K., Deuster, C., Ghislandi, G.,  Hoffman, R., Kemp, W., Muttarak, R. Wittgenstein Centre Conference 2025.

https://www.oeaw.ac.at/fileadmin/subsites/Institute/VID/PDF/Conferences/2025_Migration/slides/S3.4_Ghislandi_WIC2025_presentation.pdf
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Demographic heterogeneity in the marginal effect of conflict intensity on 
migration aspiration 

Note: Drought shows the number of months in the last 
year that the district experienced drought conditions (i.e. 
SPEI <-1). Conflict shows the (logged) number of conflict-
related deaths in the district in the past month.

Source:  Kavakli, K., Deuster, C., Ghislandi, G.,  Hoffman, R., Kemp, W., Muttarak, R. Wittgenstein Centre Conference 2025.

https://www.oeaw.ac.at/fileadmin/subsites/Institute/VID/PDF/Conferences/2025_Migration/slides/S3.4_Ghislandi_WIC2025_presentation.pdf
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CLIMATE IMPACT ON MORTALITY

Which do you think 
causes more deaths 
on average: extreme 

cold or extreme heat?
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Projecting future temperature-related mortality
Estimate temperature-related deaths among individuals 65+ across 
244 regions located in 25 European countries (2014 – 2022)

An additional day in the 
coldest temperature range 
increase the monthly 
mortality rate of older 
persons by 7 per 1,000.

An additional day in the 
hottest temperature range
increase the monthly 
mortality rate of older 
persons by 4.4 per 1,000.

Source: Gualdi, R., Conte Keivabu, R. and Muttarak, R. (2025). 30th IPC Conference.

https://ipc2025.popconf.org/abstracts/250943
https://ipc2025.popconf.org/abstracts/250943
https://ipc2025.popconf.org/abstracts/250943
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SSP1-2.6 scenario

SSP5-8.5 scenario SSP3-7.0 scenario 

SSP2-4.5 scenario

SSP-RCP Framework
• Shared Socioeconomic Pathways (SSPs) 

scenarios
• Representative Concentration Pathways 

(RCPs) scenarios
• Assessing future temperatures related-

mortality (2030–2099) under four
scenarios:

(1) SSP1-2.6 (~1.5°C warming) green growth 
scenario

(2) SSP2-4.5 (~2.7°C warming) global 
development trends continue as the 
present 

(3) SSP3-7.0 (~3°C warming) high-
fragmentation and inequalities

(4) SSP5-8.5 (~5°C warming) a world focused 
on fossil fuel use and  very high emissions

Excess death ratios (per 100,000) by 
NUTS 2 and scenarios (2090-2099) 

Source: Gualdi, R., Conte Keivabu, R. and Muttarak, R. (2025). 30th IPC Conference.

https://ipc2025.popconf.org/abstracts/250943
https://ipc2025.popconf.org/abstracts/250943
https://ipc2025.popconf.org/abstracts/250943
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Projected Excess Death ratios (per 100,000) by SSP-RCPs (2030-2100) 

Source: Gualdi, R., Conte Keivabu, R. and Muttarak, R. (2025). 30th IPC Conference.

SSP2
SSP5

https://ipc2025.popconf.org/abstracts/250943
https://ipc2025.popconf.org/abstracts/250943
https://ipc2025.popconf.org/abstracts/250943
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CLIMATE IMPACT ON FERTILITY

Does climate 
change 

influence 
fertility? If so, 

how?
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Evidence on heat exposure and fertility for Italy, 
Mexico and 65 low- and middle-income countries 
(sub-national level)

Impact of heat exposure (>25°C) on changes 
in TFR in Italy

Temperature anomaly and birth rate: Mexico

Temperature anomaly and birth rate: 65 DHS countries

Source: Barba, M. Muttarak, R. & Querin, F. (2025). 
Dondena Working Paper.

-0.31%

Source: Olguín, I., 
Cheritel, C. & 
Muttarak, R. (2025) 
30th IPC Conference.

Source: Cheritel, C., Hoffmann, R. & Mutttarak, R.  (2025). 30th IPC Conference.

-0.56%
-0.33%

~-0.50%

https://dondena.unibocconi.eu/effect-temperature-fertility-province-level-analysis-monthly-total-fertility-rates-italy-2003-2022
https://dondena.unibocconi.eu/effect-temperature-fertility-province-level-analysis-monthly-total-fertility-rates-italy-2003-2022
https://ipc2025.popconf.org/abstracts/250722
https://ipc2025.popconf.org/abstracts/250722
https://ipc2025.popconf.org/abstracts/250722
https://ipc2025.popconf.org/abstracts/251809
https://ipc2025.popconf.org/abstracts/251809
https://ipc2025.popconf.org/abstracts/251809
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Towards population projections accounting for the climate feedback

Evidence of the impact of climatic shocks on demographic outcomes by far:
‐ Fertility – short-term negative effect, no recuperation (so possibly not due to postponement)
‐ Mortality – likely to increase under more warming
‐ Migration –
1) displacement and internal migration are likely to increase;
2) limited evidence on international migration; 
3) climate-induced migration within Europe is plausible.
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THANK YOU!

POPCLIMA is a project funded by European Research Council (ERC) under the European Union’s Horizon 2020
– Research and Innovation funding programme (2014/2020), GA 101002973. Views and opinions expressed
are however those of the author(s) only and do not necessarily reflect those of the European Union. Neither
the European Union nor the granting authority can be held responsible for them.

This presentation describes the main objectives and methodologies of POPCLIMA covering all 4 strands.

Scan HEREto visit our website

@popclima
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What do you think the world population will be in the year 2100?

A.9 billions
B.10 billions
C. 11 billions
D.12 billions
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Global population projections to 2100 comparisons

Source: Population Matters.

https://www.bbc.co.uk/bitesize/articles/zswrqyc#zdy63qt
https://populationmatters.org/news/2024/04/the-world-of-population-projections/
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Global population projections

Source: Visual 
Capitalist.

8 billion

Source Methods Population peak and 
assumptions

United 
Nations

Probabilistic 
projection using 
Bayesian models 

Peak mid-2080s at 
~10.4B. Assumes 
continued gradual 
fertility decline.

IIASA/Witt
-genstein
Centre

Cohort-component 
model combined 
with scenario 
frameworks (SSPs)

Peak varies by scenario: 
SSP2 peak in 2080 at 
10.13B. Development 
pathways strongly 
shape demography.

Institute 
for Health 
Metrics 
and 
Evaluation 
(IHME)

Statistical model 
linking fertility, 
mortality, migration 
to education & 
contraceptive 
access

Peak ~2064 at ~9.7B. 
Assumes faster fertility 
decline driven by 
female education and 
access to 
contraception.

https://www.visualcapitalist.com/when-will-the-global-population-reach-its-peak/
https://www.visualcapitalist.com/when-will-the-global-population-reach-its-peak/
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Differential demographic challenges

Source: Pew Research Center.

https://www.pewresearch.org/short-reads/2025/07/09/5-facts-about-how-the-worlds-population-is-expected-to-change-by-2100/
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Ukraine's population, 1991–
2021

Source:  Kulu, H. et al. (2023). Population, Space and Place.

Projected relative population change in 
Ukraine, 2020–2040

0.Baseline: Pre-war trends in fertility, mortality, and migration continue.
1.8 million refugees, 90% return.
2.8 million refugees, 35% return.
3.8 million refugees, 10% return.

https://onlinelibrary.wiley.com/doi/full/10.1002/psp.2656
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Push-pull migration theory (Everett S. Lee)

Source:  Lee, E.S. (1966). A theory of migration. Demography 3, 47-57.

Source: BBC Bitesite.

https://www.bbc.co.uk/bitesize/articles/zswrqyc#zdy63qt
https://www.bbc.co.uk/bitesize/articles/zswrqyc#zdy63qt
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Research to date shows mixed results on whether and how climate affects 
migration patterns

Source: Hoffmann, R., Dimitrova, A., Muttarak, R., Crespo Cuaresma, J., Peisker, J. (2020). Nature Climate Change.

https://www.nature.com/articles/s41558-020-0898-6
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Trends in drought and conflict cooccurence
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Migration aspirations across 144 countries: Gallup World Poll 2009-2022

“Ideally, if 
you had the 
opportunity, 
would you 
move 
permanently 
to another 
country, or 
would you 
prefer to 
continue 
living in this 
country?”

Source:  Kavakli, K., Deuster, C., Ghislandi, G.,  Hoffman, R., Kemp, W., Muttarak, R. Wittgenstein Centre Conference 2025.

https://www.oeaw.ac.at/fileadmin/subsites/Institute/VID/PDF/Conferences/2025_Migration/slides/S3.4_Ghislandi_WIC2025_presentation.pdf
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Higher migration aspirations among individuals facing both drought and conflict

Migration aspiration
(1) (2) (3) (4) (5)

VARIABLES Conflict deaths in previous 1 month
Conflict deaths in
previous 1 year

Conflict 0.012*** 0.012*** 0.005* 0.000
(0.002) (0.002) (0.003) (0.002)

Drought 0.005 0.004 0.000 -0.005
(0.005) (0.005) (0.005) (0.005)

Conflict # Drought 0.024*** 0.016***
(0.007) (0.004)

Individual-level controls Yes Yes Yes Yes Yes
District FE Yes Yes Yes Yes Yes
Month FE Yes Yes Yes Yes Yes
World-region # Year FE Yes Yes Yes Yes Yes
Observations 1,409,072 1,409,072 1,409,072 1,409,072 1,409,072
R-squared 0.164 0.164 0.164 0.164 0.164
Note: Robust s.e. clustered by district-year are in parentheses. * p <0.1, ** p <0.05, *** p<0.01. 

Source:  Kavakli, K., Deuster, C., Ghislandi, G.,  Hoffman, R., Kemp, W., Muttarak, R. Wittgenstein Centre Conference 2025.

https://www.oeaw.ac.at/fileadmin/subsites/Institute/VID/PDF/Conferences/2025_Migration/slides/S3.4_Ghislandi_WIC2025_presentation.pdf
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Not having a child due to climate change driven by which concern?

• Study by Irene Frageri and colleagues under POPCLIMA project 
• Survey of young adults aged 18 – 34 (N = 5,948) in five European countries 

(Italy, Spain, France, United Kingdom and Germany). 
«Do you plan to have a child in the next 3 years?» Probably/ surely no (59%)

a) Having kids is not part of my life project (not in life project)
b) I’m single (single) 
c) Health reasons (personal or of the partner) (health)
d) It is not compatible with either my or my partner’s employment (work-family 
conflict) 
e) I should change my lifestyle/give up my interests (change of lifestyle) 
f) I cannot financially afford a(nother) child (financial hardship) 
g) I don’t have any childcare support (grandparents, kindergartens, babysitters, etc.) 
(no care support) 
h) I would be too worried about the future that awaits the child because of climate 
change (climate change impact on a child)  
i) I would be too worried about the future that awaits the child because of the 
economic situation of the country (future economy) 
j) Each new human being has an environmental impact on the planet (child impact 
on climate) 

Fertility 
intention

Psychological 
mechanism

Child’s carbon 
footprint

Climate impact 
on child
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Not having a child due to climate change driven by which concern?

• More people 
mention a 
concern about 
the climate 
impact on their 
child than a 
child impact on 
the climate

• Compounding 
with other 
reasons e.g. 
economic 
concerns



31

Where do/will climate migrants go?
Main countries 
or areas of 
origin for 
arrivals in 
Greece, Italy, 
and Spain, 
January – June 
2025 

Source: IOM 2025.

https://dtm.iom.int/report-product-series/mixed-migration-flows-quarterly-overview
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Are climate migrants legally recognised under international law?

Who is a refugee under international law?
• 1951 Refugee Convention – only binding global 

treaties that address the rights and legal status of 
refugees

• “Refugee” is a legal term which has a very specific 
meaning centering on as an individual who is 
outside their country of origin and who, “owing to 
well-founded fear of being persecuted for reasons of 
race, religion, nationality, membership of a 
particular social group or political opinion, . . . is 
unable or . . . is unwilling to return to [their country 
of origin].” (Art. 1, 1951 Refugee Convention). 

• Common European Asylum System is not 
specifically designed to address environmental 
migration

• Italy – the only EU Member State with 
specific legislation to offer explicit and 
multiple protection statuses to people 
displaced due to disasters and climate 
change

• Article 20 of the Consolidated Act on 
Immigration (CAI) 2018 provides collective 
and temporary protection measures for 
extraordinary humanitarian needs, 
including natural disasters (in Italian, 
disastri naturali), which occurred in non-EU 
countries.

• 153 residence permits issued by Italian 
Questure from 2018-2023

Which country in the EU provide protection for 
climate migrants?
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Evidence on climate change and mortality

Source: Joseph, V., Conte Keivabu, R., Muttarak, R., Zagheni, E. & 
Mazzuco, S. (forthcoming). European Journal of Population.

Extreme temperature and mortality rates in Italy: 
2011-2022        

Comfort zone

Mortality-temperature curve 

Source: Our World in Data.

https://ourworldindata.org/part-one-how-many-people-die-from-extreme-temperatures-and-how-could-this-change-in-the-future
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Will climate change shift the seasonal burden of temperature-attributable 
mortality from cold to heat?

Harvesting (mortality displacement) – a heat/cold spike offset by below-
baseline deaths in the following weeks (short-term advance of deaths among 
frail individuals)
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Some evidence of harvesting effect for Italy, but very warm days are still fatal

Measuring the harvesting effect Heat and mortality in summer by winter mortality 

Source: Joseph, V., Conte Keivabu, R., Muttarak, R., Zagheni, E. & Mazzuco, S. (forthcoming). European Journal of Population.

SSP2
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Climate impact on fertility

Climate exposure

Climate change 
concern

Fertility 
intention

Fertility 
behaviour
(contracept-

tive use, 
postpone-

ment

Climate impact 
on child

Fertility 
outcomes 

(births)

Psychological 
mechanism

Child’s carbon 
footprint

Physiological 
mechanism

Behavioural
mechanism

39%55%
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Evidence on climate change concern and fertility intention

Source: Puglisi, C., Muttarak, R. & Vignoli, D. (2025). Genus.

Proportion (%) reporting climate change to be the 
biggest problem of the future by region

2016 Household 
Multipurpose Survey 
(N = 4408) 

https://genus.springeropen.com/articles/10.1186/s41118-025-00244-5
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Consistent findings using individual-level, longitudinal data (UKHLS, sample of 
childless individuals aged 16-45)

Probability of conception declines significantly by 
0.19 percentage points

Limited evidence of a negative relationship (-0.075 
percentage points) between flood exposure and 
conception probability

Source: Frageri, I.., Berrington. A.  & Mutttarak, R.  (2025). 30th IPC Conference.

https://ipc2025.popconf.org/abstracts/251204
https://ipc2025.popconf.org/abstracts/251204
https://ipc2025.popconf.org/abstracts/251204
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Pathways from climate exposure to fertility 
outcomes

Physiological mechanism
• Spermatogenesis, sperm quality
• Ovulation cycle
• Ovarian reserve and placental development
• Reduced gestational lenght
• Increase risk of spontaneous abortion in the 

first trimester
• Increase risk of fetal loss and stillbirthClimate 

exposure
Fertility 

behaviour

Fertility 
outcomes 

(births)

Physiological 
mechanism

Behavioural
mechanism

Source: Yüzen, D. et al. (2023). Frontiers in Endocrinology.

Behavioural mechanism
• Altered time-use patterns and fewer social interactions
• Changes in sexual behaviour and coital frequency
• Fertility goals and planning, contraceptive use
• Early marriage for girls
• Household resource constraints
• General maternal and child health
• Psychological well-being, concern about climate change

https://www.frontiersin.org/journals/endocrinology/articles/10.3389/fendo.2023.1149284/full
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Towards population projections accounting for the climate feedback

Evidence of the impact of climatic shocks on demographic outcomes by far:
‐ Fertility – short-term negative effect, no recuperation (so possibly not due to postponement)
‐ Mortality – likely to increase under more warming
‐ Migration –
1) displacement and internal migration are likely to increase;
2) limited evidence on international migration; 
3) climate-induced migration within Europe is plausible.
Work in progress: Adding the climate feedback in population projections
• Subnational population projections for Mexico as a case study, adjusting for already existing state-level 

projections by Shared Socieconomic Pathways (SSPs) – Cohort-component methods
• Province-level projections for Italy as a case study – integrate climate measures as covariates in 

probabilistic models of for mortality, fertility and migration 
• Global population projections – adding climate covariates in the UN probabilistic projection models 

(country level)
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