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• Modelling mortality differentials 

• Case study: Mortality by deprivation in England 

• Conclusions and future work 
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• Well-documented relationship 

between mortality and 

socioeconomic  variables 

– Education 

– Income 

– Occupation 

• Important implications on social 

and financial planning 

– Public policy for tackling 

inequalities 

– Social security design 

– Annuity reserving and pricing 

– Longevity risk management 
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Modelling socio-economic mortality differentials 

 

• Mortality model that allows the simultaneous modelling of 
mortality in a group of subpopulations 

 

• The model should be able to capture 

– Mortality level differentials 

– Mortality improvement differentials 

 

• The application of multipopulations extensions of the Lee-Carter 
model is a possible approach 
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Colour palette for PowerPoint presentations 
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Secondary colour palette 

Primary colour palette 
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*This colour reference is for screen presentations only 
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Lee-Carter model for a single population 

 

-10

-9

-8

-7

-6

-5

-4

-3

-2

-1

0

10 20 30 40 50 60 70 80 90 100

lo
g 
μ

xt

x

1980

25 



14/03/2013 

14 

Colour palette for PowerPoint presentations 
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Secondary colour palette 

Primary colour palette 
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*This colour reference is for screen presentations only 
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Colour palette for PowerPoint presentations 
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Secondary colour palette 

Primary colour palette 
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Colour palette for PowerPoint presentations 
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Secondary colour palette 

Primary colour palette 
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Colour palette for PowerPoint presentations 
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Colour palette for PowerPoint presentations 
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Secondary colour palette 
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Colour palette for PowerPoint presentations 
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Colour palette for PowerPoint presentations 
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Primary colour palette 
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*This colour reference is for screen presentations only 
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Colour palette for PowerPoint presentations 
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Secondary colour palette 
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*This colour reference is for screen presentations only 

Lee-Carter model for a single population 

 

-10

-9

-8

-7

-6

-5

-4

-3

-2

-1

0

10 20 30 40 50 60 70 80 90 100

lo
g 
μ

xt

x

1988

33 



14/03/2013 

18 

Colour palette for PowerPoint presentations 
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Secondary colour palette 
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*This colour reference is for screen presentations only 
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Colour palette for PowerPoint presentations 
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Colour palette for PowerPoint presentations 
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Secondary colour palette 

Primary colour palette 
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*This colour reference is for screen presentations only 
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Colour palette for PowerPoint presentations 
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Secondary colour palette 
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Colour palette for PowerPoint presentations 
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Secondary colour palette 
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Colour palette for PowerPoint presentations 
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Colour palette for PowerPoint presentations 

Actuarial Bright Green 

R148  G166  B31 
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Secondary colour palette 
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*This colour reference is for screen presentations only 
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Colour palette for PowerPoint presentations 
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Secondary colour palette 
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Colour palette for PowerPoint presentations 
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Secondary colour palette 
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*This colour reference is for screen presentations only 
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Colour palette for PowerPoint presentations 
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Colour palette for PowerPoint presentations 
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Colour palette for PowerPoint presentations 
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Colour palette for PowerPoint presentations 
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Colour palette for PowerPoint presentations 
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Multipopulation extensions of the Lee-Carter Model 

Age-specific 

mortality pattern Overall time trend of 

mortality 
Age-modulating 

parameters 
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A new relative model 
 

 

• Existing multi-population models not designed with socio-

economic subpopulations in mind 

 

• Relative modelling approach whereby subpopulation mortality is 

modelled relative to the mortality of a reference population 

(national population) 

 

• The rationale for this approach is based on data availability 
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Data array • National mortality data  

– Long periods of time 

– Available at individual ages 

– Full age range 

• Mortality data disaggregated by 
socio-economic variables 

– Short periods of time 

– Available in age-grouped format 

– Limited age range 

• Advantages of a relative modelling 
approach 

– More precise estimation of the 
long-run mortality trend 

– Coherency with the national 
mortality trend 

– Enable consideration of cohort 
effects 
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General population data Subpopulations data

63 

A new relative model 
 



14/03/2013 

33 

Colour palette for PowerPoint presentations 

Actuarial Bright Green 

R148  G166  B31 

Actuarial Slate 

R32  G44  B52 * 

Secondary Olive Green 

R120  G162  B47 

Secondary colour palette 

Primary colour palette 

Secondary Bottle Green 

R0  G147  B127 

Secondary Turquoise 

R0  G138  B176 

Secondary Aqua Blue 

R26 G160  B170 

Secondary Pastel Green 

R126  G205  B195 

Secondary Light Purple 

R123  G149  B174* 

Secondary Purple 

R97  G107  B156 

Secondary Ecru 

R186  G163  B171 

Secondary Yellow 

R215  G176  B18 

Secondary Orange 

R213  G135  B43 

Secondary Red 

R238  G52  B36 

Secondary Rubine Red 

R226  G1  B119 

*This colour reference is for screen presentations only 

Subpopulations 

Reference population 

Level differentials 

Period factors governing 

improvement differentials 
Magnitude of improvement 

differentials by age 

Age-specific 

mortality pattern 
Overall time trend of 

mortality 
Age-modulating 

parameters Cohort effect 
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Agenda 

 

• Motivation 

• Modelling mortality differentials 

• Case study: Mortality by deprivation in England 

• Conclusions and future work 
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Case study: Mortality by deprivation in England 
 Application data  - IMD 2007 

• Socio-economic classification of the 
population obtained  using the Index of 
Multiple Deprivation 2007 (IMD 2007) 

• IMD 2007 combines indicators across 7 
deprivation domains into a single 
deprivation score for each geographically 
defined Lower Layer Super Output Area 
(LSOA)  

– Income,  employment,  health,  education, 
housing and services, crime, and living 
environment 

• 32,482 LSOA in England with 
approximately 1,500 people each 

• LSOAs ranked from 1 to 32.482 by their 
IMD 2007 score and grouped into 
quintiles  

– Q1: Least deprived quintile 

– Q5: Most deprived quintile 

Source: Noble et al (2007) 
98 

Colour palette for PowerPoint presentations 

Actuarial Bright Green 

R148  G166  B31 

Actuarial Slate 

R32  G44  B52 * 

Secondary Olive Green 

R120  G162  B47 

Secondary colour palette 

Primary colour palette 

Secondary Bottle Green 

R0  G147  B127 

Secondary Turquoise 

R0  G138  B176 

Secondary Aqua Blue 

R26 G160  B170 

Secondary Pastel Green 

R126  G205  B195 

Secondary Light Purple 

R123  G149  B174* 

Secondary Purple 

R97  G107  B156 

Secondary Ecru 

R186  G163  B171 

Secondary Yellow 

R215  G176  B18 

Secondary Orange 

R213  G135  B43 

Secondary Red 

R238  G52  B36 

Secondary Rubine Red 

R226  G1  B119 

*This colour reference is for screen presentations only 

Subpopulation data Reference population data 

– England population 

disaggregated by IMD 

2007 quintile 

 

– Ages:50-54,55-59,…,80-

84 

 

– Period: 1981-2007 

 

– England and Wales 

population (Human 

Mortality Database) 

 

– Ages: 10-99 

 

– Period: 1961-2009 

 

99 

Case study: Mortality by deprivation in England 
 Application data (Cont…) 



14/03/2013 

51 

Colour palette for PowerPoint presentations 

Actuarial Bright Green 

R148  G166  B31 

Actuarial Slate 

R32  G44  B52 * 

Secondary Olive Green 

R120  G162  B47 

Secondary colour palette 

Primary colour palette 

Secondary Bottle Green 

R0  G147  B127 

Secondary Turquoise 

R0  G138  B176 

Secondary Aqua Blue 

R26 G160  B170 

Secondary Pastel Green 

R126  G205  B195 

Secondary Light Purple 

R123  G149  B174* 

Secondary Purple 

R97  G107  B156 

Secondary Ecru 

R186  G163  B171 

Secondary Yellow 

R215  G176  B18 

Secondary Orange 

R213  G135  B43 

Secondary Red 

R238  G52  B36 

Secondary Rubine Red 

R226  G1  B119 

*This colour reference is for screen presentations only 

Case study: Mortality by deprivation in England 
Comparison of models – Goodness of fit (Males) 
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Case study: Mortality by deprivation in England 
Comparison of models – Backtesting (Males) 

 

• Fit the models for the 

period1981-2000 

 

• Use period 2001-2007 to 

compare predicted and 

realised outcomes of 

–   

 

–   

 

–   
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Case study: Mortality by deprivation in England 
England and Wales male population parameters (relative model) 
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Case study: Mortality by deprivation in England 
Male subpopulation parameters (relative model) 
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Case study: Mortality by deprivation in England 
Male population time index forecasts 

• Reference population 

– Random walk with drift with adjusted 

starting point to tackle the curvature 

– Follow the procedure proposed by 

Denuit and Goderniaux (2005) 

 

 

• Subpopulations 

– Multivariate random walk with drift 

– Capture the correlation between 

subpopulations 
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Case study: Mortality by deprivation in England 
Mortality rate differences – Male age 65-69 

1981 1995 2007 2020 2030 

Q1 0.0261 0.0197 0.0122 0.0077 0.0058 

Q2 0.0299 0.0220 0.0141 0.0092 0.0070 

Q3 0.0340 0.0251 0.0168 0.0109 0.0085 

Q4 0.0396 0.0308 0.0207 0.0143 0.0114 

Q5 0.0471 0.0393 0.0278 0.0201 0.0166 

Q5/Q1 1.80 1.99 2.28 2.61 2.86 

Male mortality rate at age 65-69  
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Case study: Mortality by deprivation in England 
Period life expectancies males aged 65 

1981 1995 2007 2020 2030 

EW 13.1 14.6 17.54 21.6 25.0 

Q1 14.6 16.3 19.1 23.1 26.5 

Q2 13. 9 15.6 18.4 22.4 25.9 

Q3 13.4 15.0 17.8 21.8 25.2 

Q4 12.7 14.1 16.8 20.8 24.2 

Q5 11.7 12.9 15.4 19.3 22.5 

Q1-Q5 2.9 3.4 3.8 3.9 4.1 

Male period life expectancy at age 65 
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Case study: Mortality by deprivation in England 
Implications for life annuities 

• Discount rate: 4% 

• Calculations under cohort 
trajectory for men age x in 2007 

• Annuity rate males aged 65 for 
EW:  13.53 

• Significant variation of annuity 
rates with the level of 
deprivation 

• Baseline mortality differentials 
have a very significant impact 

• The impact of improvement 
differences is of second order 

• Although mortality differentials 
decrease with rising age their 
impact on annuity rates does 
not 
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Annuity rates for males age 65 as a percentage of  
the rate for England and Wales 

level differences trend differences
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Case study: Mortality by deprivation in England 
Implications for life annuities 

• Discount rate: 4% 

• Calculations under cohort 
trajectory for men age x in 2007 

• Annuity rate males aged 65 for 
EW:  13.53 

• Significant variation of annuity 
rates with the level of 
deprivation 

• Baseline mortality differentials 
have a very significant impact 

• The impact of improvement 
differences is of second order 

• Although mortality differentials 
decrease with rising age their 
impact on annuity rates does 
not 
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Annuity rates for males aged 65 and 75 as a 
percentage of  the rate for England and Wales 

level (age 65) trend (age 65) level (age 75) trend (age 75)

Annuity rate males aged 75 for EW:  8.93 
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Agenda 

 

• Motivation 

• Modelling mortality differentials 

• Case study: Mortality by deprivation in England 

• Conclusions and future work 
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Conclusions 

• Several multi-population models have been considered for modelling socio-economic 
differences in mortality 

– The new relative model gives the best goodness-of-fit and forecasting performance 

– The wider experience of a reference a populations is key for this success  

• Application in the analysis of the extent of mortality differentials across deprivation 
subgroups in England for the period 1981- 2007. 

– Clear inverse relationship between area deprivation and mortality 

– Widening  (relative) mortality gap between more and less deprived areas 

• Socio-economic differences in mortality have a material impact on the valuation of 
annuities 

– This impact is still significant at old ages 

– Differentials in baseline mortality have a more significant impact than differentials in 
rates of improvement 

– This results gain relevance in light of ECJ ban on the use of gender as a rating factor 
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Work in progress 
Modelling by Cause of Death and SEC 

 

• Collaboration with Madhavi Bajekal from UCL 

 

• Model mortality by cause of death and socio-economic circumstances 

– Understand drivers behind socio-economic differences in mortality 

 

• Very preliminary results 

– Need to evaluate goodness-of-fit 

– Impact of cohort trends 
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Work in progress 

Modelling by Cause of Death and 

Socio-Economic Circumstances 
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Three way Lee-Carter males 
England population 
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