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Forecasting at the end of history

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


 Schöley – Hidden Markov Lee Carter
24

Hidden Markov Lee Carter



 Schöley – Hidden Markov Lee Carter
25

Hidden Markov Lee Carter

+



 Schöley – Hidden Markov Lee Carter
26

Hidden Markov Lee Carter

+ =



 Schöley – Hidden Markov Lee Carter
27

Hidden Markov Lee Carter

D
xt
 ~ NegBin( λ

xt
E

xt 
, φ )

λ
xt 

= exp( ɑ
x
 + β

x
κ

t
 + η

t
ɣ

x
 )



 Schöley – Hidden Markov Lee Carter
28

Hidden Markov Lee Carter

D
xt
 ~ NegBin( λ

xt
E

xt 
, φ )

λ
xt 

= exp( ɑ
x
 + β

x
κ

t
 + η

t
ɣ

x
 )



 Schöley – Hidden Markov Lee Carter
29

Hidden Markov Lee Carter

D
xt
 ~ NegBin( λ

xt
E

xt 
, φ )

λ
xt 

= exp( ɑ
x
 + β

x
κ

t
 + η

t
ɣ

x
 )

η
t 
= z

t
u

t



 Schöley – Hidden Markov Lee Carter
30

Hidden Markov Lee Carter

D
xt
 ~ NegBin( λ

xt
E

xt 
, φ )

λ
xt 

= exp( ɑ
x
 + β

x
κ

t
 + η

t
ɣ

x
 )

η
t 
= z

t
u

t

z
t 
~ Bernoulli( p

t
 )



 Schöley – Hidden Markov Lee Carter
31

Hidden Markov Lee Carter

D
xt
 ~ NegBin( λ

xt
E

xt 
, φ )

λ
xt 

= exp( ɑ
x
 + β

x
κ

t
 + η

t
ɣ

x
 )

η
t 
= z

t
u

t

z
t 
~ Bernoulli( p

t
 )

p
t 
= z

t-1
θ

1 1  →

+ (1-z
t-1

)θ
0 1→



 Schöley – Hidden Markov Lee Carter
32

Hidden Markov Lee Carter

D
xt
 ~ NegBin( λ

xt
E

xt 
, φ )

λ
xt 

= exp( ɑ
x
 + β

x
κ

t
 + η

t
ɣ

x
 )

η
t 
= z

t
u

t

z
t 
~ Bernoulli( p

t
 )

p
t 
= z

t-1
θ

1 1  →

+ (1-z
t-1

)θ
0 1→

u
t 
~ Gamma(a, b)



Identi,cation • Characterization • Simulation



 Schöley – Hidden Markov Lee Carter
34

Identi,cation



Identi,cation • Characterization • Simulation



 Schöley – Hidden Markov Lee Carter
36

Characterization



 Schöley – Hidden Markov Lee Carter
37

Characterization



 Schöley – Hidden Markov Lee Carter
38

Characterization



 Schöley – Hidden Markov Lee Carter
39

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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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


Identi,cation • Characterization • Simulation



 Schöley – Hidden Markov Lee Carter
42

Simulation
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