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Singular Event:

A historical event with a large
impact on the observed mortality
frequencies.
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Mortality Forecasting Model



Mortality Forecasting Model
Data

* D, (t): number of deaths within year t for age x
» E..(t): exposures within year t for age x

D

* Mortality.org

: observed mortality frequency




Mortality Forecasting Model

Nolfi
In(2)
Qx(t) — Qx(to)exp (_ I (t — tO))
Ll
where

.. to: First fitting year
... g,(ty): Starting mortality rate
... [,: Half-value period



Mortality Forecasting Model

Lee-Carter & Renshaw-Haberman

Lee-Carter:

qx(t) = exp(&ﬁ ‘ﬁxkt')

Renshaw-Haberman:

qx(t) = exp(@yx,+ Bxkt + Bxlit-x))




Mortality Forecasting Model
Fitting Symbol

FIT



Mortality Forecasting Model

Measuring Accuracy

Nolfi: Observed Mortality Frequency vs Estimated Mortality Rate (Male, Switzerland, Age: 30)
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Fitting Mortality Forecasting Model

Measuring Deviations (Errors) - Formula

0O

qx(t)




Mortality Forecasting Model
Measuring Accuracy — Graphically (2D)

Nolfi: Relative Difference Observed Mortality Frequency vs Estimated Mortality Rate (Male, Switzerland, Age: 30)
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Mortality Forecasting Model
Measuring Accuracy — Graphically (2D)

Nolfi: Relative Difference Observed Mortality Frequency vs Estimated Mortality Rate (Male, Switzerland, Age: 30)
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Mortality Forecasting Model
Measuring Accuracy — Graphically (2D)

Nolfi: Observed / Expected Deaths (Male, Switzerland)
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Mortality Forecasting Model
Measuring Accuracy — Why Nolfi

Nolfi: Observed Mortality Frequency vs Estimated Mortality Rate (Male, Switzerland, Age: 30)
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Mortality Forecasting Model
Measuring Accuracy — Why Nolfi

Lee-Carter: Observed Mortality Frequency vs Estimated Mortality Rate (Male, Switzerland, Age: 30)
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Mortality Forecasting Model
Measuring Accuracy — Why Nolfi

Renshaw-Haberman: Observed Mortality Frequency vs Estimated Mortality Rate (Male, Switzerland, Age: 30)
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Mortality Forecasting Model
Measuring Accuracy — Why Nolfi

Nolfi

Nolfi: Observed / Expected Deaths (Male, Switzerland)

Renshaw-Haberman

Renshaw-Haberman: Observed / Expected Deaths (Male, Switzerland)

60 70 80 90

17



|[dentifying Singular Events



l[dentifying Singular Events

Expert Judgement

Nolfi: Observed / Expected Deaths (Male, Switzerland)
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l[dentifying Singular Events
Algorithm - Epsilon

Nolfi: Observed / Expected Deaths (Male, Switzerland)
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l[dentifying Singular Events
Algorithm - Epsilon
XXX XX
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l[dentifying Singular Events

Algorithm - Gamma

Nolfi: Observed / Expected Deaths (Male, Switzerland)
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l[dentifying Singular Events
Algorithm - Alpha

Nolfi: Observed / Expected Deaths (Male, Switzerland)
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l[dentifying Singular Events
Algorithm

Nolfi: Observed / Expected Deaths (Male, Switzerland)
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|[dentifying Singular Events

Singular Event Diagram

SE



Correction Methods for Singular Events



Correction Methods for Singular Events
Correction

zD,(t) + (1 —2)D,(t) if (x,t) € Q&)

Dx(t) — Dx(t) if (x,t) & 0se)

where
z: Credibility Weight,
D,.(t): Estimated number of deaths,
D, (t): Observed number of deaths and
08 Set of tuples (x, t) within singular event.



Correction Methods for Singular Events
Correction Symbol

COR



Correction Methods for Singular Events
Single Correction Method

qx(t) < ~ D(®)
!

SE

!

ax (t) ] — Zix (t) <——  COR



Correction Methods for Singular Events
Single Correction Method - Steps
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Correction Methods for Singular Events
Single Correction Method - Steps
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Correction Methods for Singular Events
Single Correction Method - Steps
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Correction Methods for Singular Events
Single Correction Method - Steps

0.0018 = (Observed Frequency
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Correction Methods for Singular Events
Single Correction Method - Steps

0.0018 = (Observed Frequency
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Correction Methods for Singular Events

Single Correction Method — Parameter Differences

A%) Bx

-0.01

-0.02

—0.03

-0.04

-0.05

-0.06

-0.07

—-0.08

A9,

10

20

40

50

Age Xx

60

70

80

90

35



Correction Methods for Singular Events
Single Correction Method - Steps
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Correction Methods for Singular Events
Single Correction Method — Steps 3D
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Correction Methods for Singular Events
Single Correction Method — Error Improvement

Nolfi: Absolute Improvement After Correction (Male, Switzerland)
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Correction Methods for Singular Events
Stationary lterative Correction Method

qx(0) < ~ Dy(D)

39
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Correction Methods for Singular Events
Stationary Iterative Correction Method — SE Error
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Correction Methods for Singular Events
Stationary lterative Correction Method — SE Error

Iterative Error Reduction Singular Event
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Correction Methods for Singular Events
Stationary lterative Correction Method — Improvement

No Correction vs Iterative Correction
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Correction Methods for Singular Events
Moving Iterative Correction Method

qx(0) < ~ Dy(D)

43



Correction Methods for Singular Events
Final Fit Correction Method — Growing SE
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Correction Methods for Singular Events
Final Fit Correction Method — Improvement
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Correction Methods for Singular Events
Final Fit Correction Method

qx(0) s ~ D,(t)
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Correction Methods for Singular Events
Final Fit Correction Method — Error Improvement
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Conclusion

* Singular events distort parameters

* Correcting for the singular event reduces distortion
* Improves estimation quality
* Improves projection quality

* Showed improvements for:
* AIDS
* Spanish Flu (see Appendix)
e WW | (see Appendix)
« WW Il (see Appendix)

* COVID-19
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Spanish Flu

Nolfi: Moving Iterative Correction Mortality Estimation Errors

Lee-Carter: Final Fit Correction Mortality Estimation Errors
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World War |

Nolfi: Moving Iterative Correct
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World War |l

Nolfi: Moving Iterative Correction Mortality Estimation Errors Lee-Carter: Final Fit Correction Mortality Estimation Errors
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