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 Introduction
 Linear Hazard Transform
 Global Time-Series Tests

 In-Sample Fitting
 Out-of-Sample Forecasting
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 Modeling the changes/dynamics of mortality rates 
is critical to life insurers, social benefits programs, 
and the society. 
 Ignoring possible mortality rate changes can lead 

to significant under-pricing and under-reserving. 
 Under-estimating improvements in mortality 

rates can jeopardize the programs’ solvency and 
continuity

 Mortality rates affects the growth prospects of 
many industries



 Internal hedge may not be reached by 
immunization strategies.

 Hedging via capital markets and longevity 
instruments would face the basis risk.

 A proper approach to solve these two 
questions is important to the literatures.

2012/9/17 4



 Mortality rate modeling:
 Explanatory models: Stallard (2006)
 Factor models: 
 Lee and Carter (1992) 
 Renshaw and Haberman (2003); Hyndman and Ullah

(2007)
 Curve Fitting Methods: 
 McNown and Rogers (1989); Cairns, Blake, and Dowd 

(2006a); Blackburn and Sherris (2011)
 Financial Engineering Approaches: 
 Dahl (2004); Cairns, Blake, and Dowd ( 2006b)
 Biffis (2005); Luciano and Vigna (2005)



 It starts from a mortality rate curve that contains 
information on how the mortality rates of 
different ages relate to each other.  
 These relations may result from biological reasons (e.g., 

new-born babies have higher mortality rates; mortality 
rates increase with ages for adults) or social reasons 
(e.g., the speed driving by young adults leads to higher 
mortality rates).  

 Factor models did not capture such information. 
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 The second step of relational modeling specifies 
a relation between two curves.
 The relations might emerge across genders, sub-

groups of populations, geographic areas, and time.
 For instance, mortality rates on the curve of a later 

year can be regarded as a transformation of those on 
the curve of an earlier year.  

Rationale:  mortality rate curves move slowly with 
small changes and shift stably in terms of shape, 
which may result from biological constraints 
and/or the rigidity of social changes (e.g., health 
care systems, living habits, medical technology 
improvements, and medicine inventions). 

2012/9/17 7



 Conduct global tests on the fitting and 
forecasting capabilities of a relational model 
relative to two well-known, different types of 
models. 

2012/9/17 8



 Assume that there is a linear relation (plus an 
error term) between the forces of mortality (i.e., 
hazard rates) of two mortality rate curves from 
years A and B, where B = A + a.  One 
mathematical representation of such a relation 
is:
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 Target Models:
 Lee-Carter:

 CBD

 Error Measurements
 RMSE:

 MAE:
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Geographical Region                   
(Number of Countries) Country Sampling Period

Asia-Pacific (3)

Australia 1950-2010

New Zealand 1950-2008

Japan 1950-2009

Europe (18)

Austria; Sweden 1950-2010

Belgium; Bulgaria; Czech 
Republic; Denmark;
Finland; France; Hungary; Ireland; 
Netherlands; 
Norway; Portugal; Slovakia; Spain; 
Switzerland; United Kingdom

1950-2009

Italy 1950-2008

North America (2) Canada;  United States 1950-2007
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Thank you very much!
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