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Fukuyama (1992). Open Library

https://openlibrary.org/books/OL1550012M/The_end_of_history_and_the_last_man
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Forecasting at the end of history

Fukuyama (1992). Open Library Lee & Carter (1992). 10.2307/2290201

https://openlibrary.org/books/OL1550012M/The_end_of_history_and_the_last_man
https://doi.org/10.2307/2290201
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Forecasting at the end of history the Lee-Carter model

Human Mortality Database (2025).
US death rates 1933-1989.
mortality.org

https://mortality.org/File/GetDocument/hmd.v6/USA/STATS/Mx_1x1.txt


 Schöley – Hidden Markov Lee Carter
7

Forecasting at the end of history the Lee-Carter model

D
xt
 ~ NegBin( λ

xt
E

xt 
, φ )

Human Mortality Database (2025).
US death rates 1933-1989.
mortality.org

https://mortality.org/File/GetDocument/hmd.v6/USA/STATS/Mx_1x1.txt


 Schöley – Hidden Markov Lee Carter
8

Forecasting at the end of history the Lee-Carter model

D
xt
 ~ NegBin( λ

xt
E

xt 
, φ )

λ
xt 

= exp( ɑ
x
 )

Human Mortality Database (2025).
US death rates 1933-1989.
mortality.org

https://mortality.org/File/GetDocument/hmd.v6/USA/STATS/Mx_1x1.txt


 Schöley – Hidden Markov Lee Carter
9

Forecasting at the end of history the Lee-Carter model

λ
xt 

= exp( ɑ
x
 + κ

t
×0.01)

D
xt
 ~ NegBin( λ

xt
E

xt 
, φ )

Human Mortality Database (2025).
US death rates 1933-1989.
mortality.org

https://mortality.org/File/GetDocument/hmd.v6/USA/STATS/Mx_1x1.txt


 Schöley – Hidden Markov Lee Carter
10

Forecasting at the end of history the Lee-Carter model

λ
xt 

= exp( ɑ
x
 + β

x
κ

t
 )

D
xt
 ~ NegBin( λ

xt
E

xt 
, φ )

Human Mortality Database (2025).
US death rates 1933-1989.
mortality.org

https://mortality.org/File/GetDocument/hmd.v6/USA/STATS/Mx_1x1.txt


 Schöley – Hidden Markov Lee Carter
11

Forecasting at the end of history the Lee-Carter model



 Schöley – Hidden Markov Lee Carter
12

Forecasting at the end of history limits of the Lee-Carter model

Schöley (2016). The Human Mortality Explorer. jschoeley.shinyapps.io/hmdexp/

Human Mortality Database (2016). England & Wales death rates. mortality.org

https://jschoeley.shinyapps.io/hmdexp/
https://mortality.org/File/GetDocument/hmd.v6/USA/STATS/Mx_1x1.txt
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Forecasting at the end of history limits of the Lee-Carter model

Schöley (2016). The Human Mortality Explorer. jschoeley.shinyapps.io/hmdexp/

Human Mortality Database (2016). Russian death rates. mortality.org

https://jschoeley.shinyapps.io/hmdexp/
https://mortality.org/File/GetDocument/hmd.v6/USA/STATS/Mx_1x1.txt
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Forecasting at the end of history limits of the Lee-Carter model

Dowd & Schöley et al. (2026). Temporary shock or lasting scar? medRxiv

https://www.medrxiv.org/content/10.64898/2026.02.25.26347112v1.full.pdf
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Kissinger’s Markov chain

Marshall. (1973). Experimental Intelligence Products to Improve the Communication of Uncertainty.
cia.gov/readingroom/docs/LOC-HAK-538-3-5-6.pdf

https://www.cia.gov/readingroom/docs/LOC-HAK-538-3-5-6.pdf
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Hidden Markov Lee Carter

Schöley (2016). The Human Mortality Explorer. jschoeley.shinyapps.io/hmdexp/

Human Mortality Database (2016). England & Wales death rates. mortality.org

https://jschoeley.shinyapps.io/hmdexp/
https://mortality.org/File/GetDocument/hmd.v6/USA/STATS/Mx_1x1.txt
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Identi,cation

Dowd & Schöley et al. (2026). Temporary shock or lasting scar? medRxiv

https://www.medrxiv.org/content/10.64898/2026.02.25.26347112v1.full.pdf
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Dowd & Schöley et al. (2026). Temporary shock or lasting scar? medRxiv

Nepomuceno et al. (2022).
Sensitivity of Excess Mortality due to the COVID-19 Pandemic? PDR

Schöley (2021). Robustness and bias of European excess death
estimates in 2020 under varying model speciBcations. medRxiv

Schöley et al. (2023). ConCicting COVID-19 excess mortality
estimates. Lancet

https://www.medrxiv.org/content/10.64898/2026.02.25.26347112v1.full.pdf
https://onlinelibrary.wiley.com/doi/pdf/10.1111/padr.12475
https://www.medrxiv.org/content/10.1101/2021.06.04.21258353v1.full.pdf
https://www.thelancet.com/journals/lancet/article/PIIS0140-6736(23)00116-2/fulltext
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Characterization

Mathers et al. (2023). Age-Sex Patterns of Crisis Deaths. UN IGME Working Paper

https://data.unicef.org/wp-content/uploads/2023/09/UN-IGME-Working-Paper.-Age-sex-Patterns-of-Crisis-Deaths.pdf
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Mathers et al. (2023). Age-Sex Patterns of Crisis Deaths. UN IGME Working Paper

https://data.unicef.org/wp-content/uploads/2023/09/UN-IGME-Working-Paper.-Age-sex-Patterns-of-Crisis-Deaths.pdf


Identi,cation • Characterization • Simulation



 Schöley – Hidden Markov Lee Carter
44

Simulation



 Schöley – Hidden Markov Lee Carter
45

Identi,cation, Characterization, Simulation



 Schöley – Hidden Markov Lee Carter
46

Identi,cation, Characterization, Simulation



 Schöley – Hidden Markov Lee Carter
47

Identi,cation, Characterization, Simulation







Jonas Schöley

0000-0002-3340-8518 

@jschoeley.com

schoeley@demogr.mpg.de

jschoeley.com


	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29
	Slide 30
	Slide 31
	Slide 32
	Slide 33
	Slide 34
	Slide 35
	Slide 36
	Slide 37
	Slide 38
	Slide 39
	Slide 40
	Slide 41
	Slide 42
	Slide 43
	Slide 44
	Slide 45
	Slide 46
	Slide 47
	Slide 48
	Slide 49
	Slide 50

