
              

City, University of London Institutional Repository

Citation: Renshaw, A. E. & Haberman, S. (2005). Mortality reduction factors incorporating 

cohort effects (Actuarial Research Paper No. 160). London, UK: Faculty of Actuarial 
Science & Insurance, City University London. 

This is the unspecified version of the paper. 

This version of the publication may differ from the final published version. 

Permanent repository link:  https://openaccess.city.ac.uk/id/eprint/2291/

Link to published version: 

Copyright: City Research Online aims to make research outputs of City, 

University of London available to a wider audience. Copyright and Moral Rights 

remain with the author(s) and/or copyright holders. URLs from City Research 

Online may be freely distributed and linked to.

Reuse: Copies of full items can be used for personal research or study, 

educational, or not-for-profit purposes without prior permission or charge. 

Provided that the authors, title and full bibliographic details are credited, a 

hyperlink and/or URL is given for the original metadata page and the content is 

not changed in any way. 

City Research Online



City Research Online:            http://openaccess.city.ac.uk/            publications@city.ac.uk

http://openaccess.city.ac.uk/
mailto:publications@city.ac.uk


 

  
  Faculty of Actuarial  
  Science and Statistics 

 
 

Mortality Reduction Factors 
Incorporating Cohort Effects 
 
 
Arthur Renshaw and Steven 
Haberman 

  

 
  Actuarial Research Paper No. 160 

 
 

          January 2005 
 
  ISBN  1 901615 84 7 
 

 
  Cass Business School 
  106 Bunhill Row 
  London EC1Y 8TZ 
  T +44 (0)20 7040 8470 
  www.cass.city.ac.uk 
 
 
 
 
 
 
 
 

Cass means business
 



 
 
 
“Any opinions expressed in this paper are my/our own and not 
necessarily those of my/our employer or anyone else I/we have 
discussed them with.  You must not copy this paper or quote it without 
my/our permission”. 

 





















































 



  1

 
FACULTY OF ACTUARIAL SCIENCE AND STATISTICS 

 
Actuarial Research Papers since 2001 

 
 
 

135. Renshaw A. E. and Haberman S. On the Forecasting of Mortality Reduction Factors.   February 
2001.          

ISBN 1 901615 56 1 
 
136. Haberman S., Butt Z. & Rickayzen B. D.  Multiple State Models, Simulation and Insurer 

Insolvency.  February 2001.  27 pages.       
ISBN 1 901615 57 X 

 
137. Khorasanee M.Z.  A Cash-Flow Approach to Pension Funding.  September 2001.  34 pages. 
 

 ISBN 1 901615 58 8 
 

138. England P.D.  Addendum to “Analytic and Bootstrap Estimates of Prediction Errors in Claims 
Reserving”.  November 2001.  17 pages. 

ISBN 1 901615 59 6 
 

139. Verrall R.J.  A Bayesian Generalised Linear Model for the Bornhuetter-Ferguson Method of 
Claims Reserving.  November 2001.  10 pages. 

ISBN 1 901615 62 6 
 
140. Renshaw A.E. and Haberman. S.  Lee-Carter Mortality Forecasting, a Parallel GLM Approach, 

England and Wales Mortality Projections.  January 2002.  38 pages. 
ISBN 1 901615 63 4 

 
141. Ballotta L. and Haberman S.  Valuation of Guaranteed Annuity Conversion Options.  January 

2002.  25 pages. 
ISBN 1 901615 64 2 

 
142. Butt Z. and Haberman S.  Application of Frailty-Based Mortality Models to Insurance Data.  April 

2002.  65 pages. 
ISBN 1 901615 65 0 

 
143.  Gerrard R.J. and Glass C.A.  Optimal Premium Pricing in Motor Insurance: A Discrete 

Approximation.   (Will be available 2003). 
 
144. Mayhew, L.  The Neighbourhood Health Economy.  A systematic approach to the examination of 

health and social risks at neighbourhood level.   December 2002.  43 pages. 
 

ISBN 1 901615 66 9 
 
145. Ballotta L. and Haberman S.  The Fair Valuation Problem of Guaranteed Annuity Options:  The 

Stochastic Mortality Environment Case.  January 2003.  25 pages. 
 

ISBN 1 901615 67 7 
 

146. Haberman S., Ballotta L. and Wang N.  Modelling and Valuation of Guarantees in With-Profit and 
Unitised With-Profit Life Insurance Contracts.  February 2003.  26 pages. 

 
ISBN 1 901615 68 5 

147. Ignatov Z.G., Kaishev V.K and Krachunov R.S.  Optimal Retention Levels, Given the Joint 
Survival of Cedent and Reinsurer.  March 2003.  36 pages. 

ISBN 1 901615 69 3 
 
148. Owadally M.I.  Efficient Asset Valuation Methods for Pension Plans.  March 2003.  20 pages. 

ISBN 1 901615 70 7 
 



  2

149. Owadally M.I.  Pension Funding and the Actuarial Assumption Concerning Investment Returns.  
March 2003.  32 pages. 

ISBN 1 901615 71 5 
 

150. Dimitrova D, Ignatov Z. and Kaishev V.  Finite time  Ruin Probabilities for Continuous Claims 
Severities.  Will be available in August 2004. 

 
151. Iyer S.  Application of Stochastic Methods in the Valuation of Social Security Pension Schemes.  

August 2004.  40 pages. 
ISBN 1 901615 72 3 

 
152. Ballotta L., Haberman S. and Wang N.  Guarantees in with-profit and Unitized with profit Life 

Insurance Contracts; Fair Valuation Problem in Presence of the Default Option1.  October 2003.  
28 pages. 

 ISBN 1-901615-73-1 
 

153. Renshaw A. and Haberman. S.  Lee-Carter Mortality Forecasting Incorporating Bivariate Time 
Series.  December 2003.  33 pages. 

ISBN 1-901615-75-8 
 

154. Cowell R.G., Khuen Y.Y. and Verrall R.J.  Modelling Operational Risk with Bayesian Networks.  
March 2004.  37 pages. 

ISBN 1-901615-76-6 
 
155. Gerrard R.G., Haberman S., Hojgaard B. and Vigna E.  The Income Drawdown Option: 

Quadratic Loss.  March 2004.  31 pages. 
ISBN 1-901615-77-4 

 
156. Karlsson, M., Mayhew L., Plumb R, and Rickayzen B.D.  An International Comparison of Long-

Term Care Arrangements. An Investigation into the Equity, Efficiency and sustainability of the 
Long-Term Care Systems in Germany, Japan, Sweden, the United Kingdom and the United 
States. April 2004.   131 pages. 

ISBN 1 901615 78 2 
 
157. Ballotta Laura.  Alternative Framework for the Fair Valuation of Participating Life Insurance 

Contracts.  June 2004.  33 pages. 
ISBN 1-901615-79-0 

 
158. Wang Nan.  An Asset Allocation Strategy for a Risk Reserve considering both Risk and Profit.   

July 2004.  13 pages.   
ISBN 1 901615-80-4 

 
159. Spreeuw Jaap.  Upper and Lower Bounds of Present Value Distributions of Life Insurance  

Contracts with Disability Related Benefits.  December 2004.  35 pages. 
ISBN 1 901615-83-9 

 
160. Renshaw Arthur and Haberman Steven.  Mortality Reduction Factors Incorporating Cohort 

Effects. January 2005.  25 pages. 
ISBN 1 901615 84 7 

 

Statistical Research Papers 
 
1. Sebastiani P.  Some Results on the Derivatives of Matrix Functions.  December 1995.   
 17 Pages.         

ISBN 1 874 770 83 2 
 
2. Dawid A.P. and Sebastiani P.  Coherent Criteria for Optimal Experimental Design.   
 March 1996.  35 Pages.       

ISBN 1 874 770 86 7 
 
3. Sebastiani P. and Wynn H.P.  Maximum Entropy Sampling and Optimal Bayesian Experimental 

Design.  March 1996.  22 Pages.      
ISBN 1 874 770 87 5 

 
4. Sebastiani P. and Settimi R.  A Note on D-optimal Designs for a Logistic Regression Model.  May 

1996.  12 Pages.        
ISBN 1 874 770 92 1 

 



  3

5. Sebastiani P. and Settimi R.  First-order Optimal Designs for Non Linear Models.  August 1996.  28 
Pages.         

ISBN 1 874 770 95 6 
 
6. Newby M.  A Business Process Approach to Maintenance: Measurement, Decision and Control.  

September 1996.  12 Pages.       
ISBN 1 874 770 96 4 

 
7. Newby M.  Moments and Generating Functions for the Absorption Distribution and its Negative 

Binomial Analogue.  September 1996.  16 Pages.    
ISBN 1 874 770 97 2 

 
8. Cowell R.G.  Mixture Reduction via Predictive Scores.  November 1996.  17 Pages. 

          ISBN 1 874 770 98 0 
 
9. Sebastiani P. and Ramoni M.  Robust Parameter Learning in Bayesian Networks with Missing 

Data.  March 1997.  9 Pages.       
ISBN 1 901615 00 6 

 
10. Newby M.J. and Coolen F.P.A.  Guidelines for Corrective Replacement Based on Low Stochastic 

Structure Assumptions.  March 1997.  9 Pages.   
ISBN 1 901615 01 4. 

 
11. Newby M.J.  Approximations for the Absorption Distribution and its Negative Binomial Analogue.  

March 1997.  6 Pages.      
ISBN 1 901615 02 2 

 
12. Ramoni M. and Sebastiani P.  The Use of Exogenous Knowledge to Learn Bayesian Networks from 

Incomplete Databases.  June 1997.  11 Pages.    
ISBN 1 901615 10 3 

 
13. Ramoni M. and Sebastiani P.  Learning Bayesian Networks from Incomplete Databases.   
 June 1997.  14 Pages.        

ISBN 1 901615 11 1 
 
14. Sebastiani P. and Wynn H.P.  Risk Based Optimal Designs.  June 1997.  10 Pages. 

          ISBN 1 901615 13 8 
 
15. Cowell R.  Sampling without Replacement in Junction Trees.  June 1997.  10 Pages. 

          ISBN 1 901615 14 6 
 
16. Dagg R.A. and Newby M.J.  Optimal Overhaul Intervals with Imperfect Inspection and Repair.  July 

1997.  11 Pages.       ISBN 1 901615 15 4 
 

17. Sebastiani P. and Wynn H.P.  Bayesian Experimental Design and Shannon Information.  October 
1997.  11 Pages.      ISBN 1 901615 17 0 
 

18. Wolstenholme L.C.  A Characterisation of Phase Type Distributions.  November 1997.   
 11 Pages.        ISBN 1 901615 18 9 
 
19. Wolstenholme L.C.  A Comparison of Models for Probability of Detection (POD) Curves.  December 

1997.  23 Pages.      ISBN 1 901615 21 9 
 
20. Cowell R.G.  Parameter Learning from Incomplete Data Using Maximum Entropy I: Principles.  

February 1999.  19 Pages.      ISBN 1 901615 37 5 
 
21. Cowell R.G.  Parameter Learning from Incomplete Data Using Maximum Entropy II: Application to 

Bayesian Networks.  November 1999.  12 Pages   ISBN  1 901615 40 5 
 
22. Cowell R.G.  FINEX :  Forensic Identification by Network Expert Systems.  March 2001.  10 pages. 

          
ISBN 1 901615 60X 

 
23. Cowell R.G.  When Learning Bayesian Networks from Data, using Conditional Independence Tests 

is Equivalant to a Scoring Metric.  March 2001.  11 pages.  
ISBN 1 901615 61 8 

 



  4

24. Kaishev, V.K., Dimitrova, D.S., Haberman S., and Verrall R.J.  Autumatic, Computer Aided 
Geometric Design of Free-Knot, Regression Splines.  August 2004.  37 pages. 

ISBN 1-901615-81-2 
 
25. Cowell R.G., Lauritzen S.L., and Mortera, J.  Identification and Separation of DNA Mixtures Using 

Peak Area Information.  December 2004.  39 pages. 
ISBN 1-901615-82-0 

 



 
 

Faculty of Actuarial Science and Statistics 
 
 

Actuarial Research Club 
 
 

The support of the corporate members 
 
 

CGNU Assurance 
Computer Sciences Corporation 

English Matthews Brockman 
Government Actuary’s Department 

Watson Wyatt Partners 
 
 

is gratefully acknowledged. 
 

 
 

 
ISBN 1-901615-84-7 


