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Abstract 
 
An extended version of Hatzopoulos and Haberman (2009) dynamic parametric model is proposed for 
analyzing mortality structures, incorporating the cohort effect. A one-factor parameterized exponential 
polynomial in age effects within the generalized linear models (GLM) framework and sparse principal 
component analysis (SPCA) to time dependent GLM parameter estimates provides (marginal) estimates for 
a two-factor principal component (PC) approach structure. Modeling the two-factor residuals in the same 
way, in age-cohort effects, provides estimates for the (conditional) three-factor age-period-cohort model. 
The age-time and cohort related components are extrapolated using dynamic linear regression (DLR) 
models. Application is presented for England & Wales males (1841-2006).  
 
Keywords: Cohort; Mortality forecasting; Generalized Linear Models; Sparse Principal Component analysis; Factor 
analysis; Dynamic Linear Regression; Bootstrap confidence intervals. 

 
 

References 
 
Goodman, L.A. 1991. “Measures, models, and graphical displays in the analysis of cross-classified data”. 
Journal of the American Statistical Association, vol. 86, No. 416, pp. 1085-1111. 
 
Harvey, A. 1991. “Forecasting, Structural Time Series Models and the Kalman Filter”. Cambridge 
University Press. 
 
Hatzopoulos, P. and Haberman, S.  2009. “A parameterized approach to modelling and forecasting 
mortality”. Insurance: Mathematics and Economics, 44 (1), pp 103-123. 
 
Human Mortality Database, University of California, Berkeley (USA), and Max Planck Institute for 
Demographic Research (Germany). Available at: http://www.mortality.org. (data downloaded at November, 
2009). 
 
Lee, R.D. and Carter, L.R. 1992. “Modelling and forecasting U.S. mortality”. Journal of the American 
Statistical Association 87, pp 659–671. 
 
Luss, R. and Aspremont, A. 2006. “DSPCA: a Toolbox for Sparse Principal Component Analysis”. 
Mathematical Subject Classification: 90C90, 62H25, 65K05. 
 
Renshaw, A. E. and Haberman, S.  2006. “A Cohort-Based Extension to the Lee-Carter Model for Mortality 
Reduction Factors”. Insurance: Mathematics and Economics, 38 (3), pp 556-570. 
 
Richards, S.J.J., Kirkby, G. and Currie, I.D. 2005. “The importance of year of birth in two-dimensional 
mortality data”. British Actuarial Journal, 12 (I), pp 5–61. 
 
Taylor, C., J. 2007. Engineering Department, Lancaster University, Lancaster, LA1 4YR, United Kingdom. 
Web http://www.es.lancs.ac.uk/cres/captain/. 


