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Motivation

• The Australian superannuation system faces the challenge of delivering 
equitable and sustainable income in retirement. 

• Uptake of longevity products remains low. A key barrier is the lack of 
detailed understanding in mortality differentials across socio-economic 
groups.

• Australian Life Table (ALT) lacks detail beyond age and gender

Investigate mortality differences by socio-economic variable to improve 
longevity pool design for enhanced retirement outcomes
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Dataset

• Data sourced from Person Level Integrated Data Asset (PLIDA) via ABS 
DataLab.

• Collaborators: ABS, ATO, Department of Education, Health, Human Services, 
and Social Services.

Available Data

• 2016 Census Data: Entire population snapshot as of August 9, 2016.

• 2009–2016 Social Security Related Information (SSRI): Benefits, payments, 
marital status, education.

• Demographics: For individuals aged 50+ (post-Dec 2007). Includes gender, 
birth/death dates, indigenous status.
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• Age

• Sex

• Index of Relative Socio-economic Advantage and 
Disadvantage (IRSAD) --  one of the SEIFA variables

• Marital Status

• Income

• Homeownership

Note: Education and Occupation are not considered as they are noisy and contains 
significant missing data for the retirement age population. SEIFA already contains 
information about education and employment. Health index will be considered in 
the follow-up study. No smoking status data in the datasets. 4

Socio-economic Variables
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Index of Relative Socio-economic Advantage and 
Disadvantage (IRSAD)



Marital Status
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Income (Personal weekly income)
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Homeownership
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Our main goal

Develop a parsimonious model to produce life tables that 
simultaneously account for the combined effects of:

• Age

• Gender

• IRSAD

• Marital Status

• Income

• Homeownership
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Hermite splines model (Richards, 2020)
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log 𝜇𝑥 = 𝑎ℎ00 𝑥 + 𝜔ℎ01 𝑥 + 𝑚0ℎ10 𝑥 + 𝑚1ℎ11(𝑥)

ℎ00 𝑥 ℎ01 𝑥

ℎ10 𝑥

ℎ11 𝑥



Hermite splines model with covariates
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log 𝜇𝑥,𝑠,𝑚,𝑖,ℎ = 𝑎ℎ00 𝑥 + 𝜔ℎ01 𝑥 + 𝑚0ℎ10 𝑥 + 𝑚1ℎ11 𝑥 +

𝐼𝑅𝑆𝐴𝐷 (𝑠)
+

𝑀𝑎𝑟𝑖𝑡𝑎𝑙 𝑆𝑡𝑎𝑡𝑢𝑠 (𝑚)
 + 

𝐼𝑛𝑐𝑜𝑚𝑒 (𝑖)
+

𝐻𝑜𝑚𝑒𝑤𝑜𝑛𝑒𝑟𝑠ℎ𝑖𝑝 (ℎ)

× ℎ00 𝑥

19 parameters = 4 (age) + 9 (IRSAD) + 1 (Marital Status) + 3 (Income) + 2 (Homeownership) 

240 Life Tables = 10 (IRSAD) x 2 (Marital Status) x 4 (Income) x 3 (Homeownership) 
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Coefficient Male Female
𝑎 -3.96 -4.08
𝜔 -0.30 -0.24

𝑚0 -1.13 -4.79
𝑚1 2.23 3.12

𝑎𝐼𝑅𝑆𝐴𝐷,𝐷2 -0.14 -0.19
𝑎𝐼𝑅𝑆𝐴𝐷,𝐷3 -0.26 -0.37
𝑎𝐼𝑅𝑆𝐴𝐷,𝐷4 -0.37 -0.39
𝑎𝐼𝑅𝑆𝐴𝐷,𝐷5 -0.35 -0.45
𝑎𝐼𝑅𝑆𝐴𝐷,𝐷6 -0.51 -0.55
𝑎𝐼𝑅𝑆𝐴𝐷,𝐷7 -0.52 -0.61
𝑎𝐼𝑅𝑆𝐴𝐷,𝐷8 -0.57 -0.66
𝑎𝐼𝑅𝑆𝐴𝐷,𝐷9 -0.65 -0.79

𝑎𝐼𝑅𝑆𝐴𝐷,𝐷10 -0.75 -0.87
𝑎𝑚𝑎𝑟𝑟𝑖𝑒𝑑 -0.53 -0.45

𝑎𝑖𝑛𝑐𝑜𝑚𝑒,500−999 -0.53 -0.59
𝑎𝑖𝑛𝑐𝑜𝑚𝑒,1000+ -0.96 -0.88

𝑎𝑖𝑛𝑐𝑜𝑚𝑒,𝑚𝑖𝑠𝑠𝑖𝑛𝑔 1.16 1.37
𝑎ℎ𝑜𝑚𝑒𝑤𝑜𝑛𝑒𝑟,𝑌𝑒𝑠 -0.51 -0.51

𝑎ℎ𝑜𝑚𝑒𝑤𝑜𝑛𝑒𝑟,𝑚𝑖𝑠𝑠𝑖𝑛𝑔 -0.34 -0.23

4 Age Parameters

9 IRSDA Parameters

1 Marital Status Parameters

3 Income Parameters

2 Homeownership Parameters
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Model use

log 𝜇𝑥 = −6.71ℎ00 𝑥 − 0.3ℎ01 𝑥 − 1.13ℎ10 𝑥 + 2.23ℎ11 𝑥

Coefficient Male

𝑎 -3.96
𝜔 -0.30

𝑚0 -1.13
𝑚1 2.23

𝑎𝐼𝑅𝑆𝐴𝐷,𝐷2 -0.14
𝑎𝐼𝑅𝑆𝐴𝐷,𝐷3 -0.26
𝑎𝐼𝑅𝑆𝐴𝐷,𝐷4 -0.37
𝑎𝐼𝑅𝑆𝐴𝐷,𝐷5 -0.35
𝑎𝐼𝑅𝑆𝐴𝐷,𝐷6 -0.51
𝑎𝐼𝑅𝑆𝐴𝐷,𝐷7 -0.52
𝑎𝐼𝑅𝑆𝐴𝐷,𝐷8 -0.57
𝑎𝐼𝑅𝑆𝐴𝐷,𝐷9 -0.65

𝑎𝐼𝑅𝑆𝐴𝐷,𝐷10 -0.75
𝑎𝑚𝑎𝑟𝑟𝑖𝑒𝑑 -0.53

𝑎𝑖𝑛𝑐𝑜𝑚𝑒,500−999 -0.53
𝑎𝑖𝑛𝑐𝑜𝑚𝑒,1000+ -0.96

𝑎𝑖𝑛𝑐𝑜𝑚𝑒,𝑚𝑖𝑠𝑠𝑖𝑛𝑔 1.16
𝑎ℎ𝑜𝑚𝑒𝑤𝑜𝑛𝑒𝑟,𝑌𝑒𝑠 -0.51

𝑎ℎ𝑜𝑚𝑒𝑤𝑜𝑛𝑒𝑟,𝑚𝑖𝑠𝑠𝑖𝑛𝑔 -0.34

Homeownership Marital Status Weekly Income IRSAD

Yes Married $1000 or more D10 (most 

Advantaged)

Period Life Expectancy 

in 2016 at 60

ALT 2015-2017: 24.05

Model:  30.20



An Interactive App - “Australian Longevity Explorer”
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https://auslongevity.shinyapps.io/explorer/ 

https://auslongevity.shinyapps.io/explorer/
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Shortest LE – 18.67

• Non-homeowner
• Single
• 499$ or less income

• Living in D1

ALT 2015-2017 LE – 24.05 Longest LE – 30.20

• Homeowner
• Married
• 1000$ or more income

• Living in D10

Longevity difference: 11.5 years

years
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Shortest LE – 23.86

• Non-homeowner
• Single
• 499$ or less income

• Living in D1

ALT 2015-2017 LE – 26.93 Longest LE – 32.98

• Homeowner
• Married
• 1000$ or more income

• Living in D10

Longevity difference: 9.1 years

years



Cumulative distribution of life expectancy across the Australian 
population aged 60

• P1. Single, Non-homeowner, <499  income, D1

• P2. Married, Homeowner, <499 income, D1

• P3. Married, Homeowner, <499 income, D7

• P4. Married, Homeowner, 1000+ income, D4

• P5. Married, Homeowner, 1000+ income, D10



Demographic breakdown of the population across key 
socio-economic factors.
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Case Study: Annuity Implications
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Annuity Types Considered:

1. Immediate annuity (no death benefit)

2. Deferred annuity (no death benefit) – payments start at age 75

3. Immediate annuity (with death benefit)

4. Deferred annuity (with death benefit) – payments start at age 75

Common Assumptions:

1. Investment: $100,000 at age 65

2. Interest rate: 3% p.a.

3. No administration fees (for illustration)
4. Excludes: expenses, cost of capital, and profit margins

Mortality Assumptions:

1. Mortality improvement: Australian Life Tables (ALT) 2015–2017, 125-year scenario, age 65 in 2017

2. Death benefits (DB): 
• Withdrawal period of 22 years for females and 20 years for males.

• Within the first half of the withdrawal period, investments totally refunded.

• During the second half, DB declines linearly from 100% to 0%



Variation in annuity income under risk-based pricing 
accounting for socio-economic mortality

Product Type Gender
Most Disadvantaged 

Income ($)
Most Advantaged 

Income ($)
% Difference

Immediate annuity (no death benefit)
Female 6,896 5,387 28%

Male 8,521 5,785 47%

Deferred annuity (no death benefit)
Female 15,093 9,885 53%

Male 22,635 11,218 102%

Immediate annuity (with death benefit)
Female 6,791 5,374 26%

Male 8,281 5,298 43%

Deferred annuity (with death benefit)
Female 14,599 9,838 48%

Male 21,017 11,130 89%

30



Variation in annuity income under risk-based pricing 
accounting for socio-economic mortality differences 
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Policy and Practice Implications

Uniform pricing of lifetime income products

• Creates hidden cross-subsidies or leads to poor perceived value and 
lower take up among those with shorter LE.

Cohorting & customised longevity assumptions

• Incorporate cohort-based longevity assumptions into product design, 
pricing, and advice.

• Supports obligations under the Retirement Income Covenant.

Longevity literacy & advice

• Advisers and calculators play a key role in correcting longevity 
underestimation.

• Public tools should include more longevity-risk content.
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Resources: Paper

• The paper is available on SSRN.
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Resources: Open Dataset “Australian Socio-Economic Mortality 
Dataverse”

• The dataset on the modelled annual probability of death (𝑞𝑥) for 
ages 60–100 is openly available on the Harvard Dataverse: 
Australian Socio-economic Mortality Dataverse.
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Appendix
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Our sample

• Follow 2016 census population for a year from 1 September 2016 and 31 
August 2017

▪ Maximise covariate information

▪ Minimise death underreporting

▪ Avoid issues with seasonality

 

36

 Exposure Deaths 
   

Age range Females Males Females Males 

60-64 621046.63 584730.65 2518 3823 

65-69 561972.25 534151.86 3603 5614 

70-74 443133.38 417478.67 4915 7445 

75-79 328190.86 292705.65 6472 9076 

80-84 241294.20 193058.22 9077 10766 

85-89 171998.74 116084.92 12701 11902 

90-94 87037.82 44106.01 12346 7924 

95-100 24408.87 8790.14 6044 2506 

Total 2479082.75 2191106.11 57676 59056 

 



Our sample
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Our sample matches ALT 2015-2017
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Index of Relative Socio-economic 
Advantage and Disadvantage (IRSAD)
• One of the SEIFA indices, 

summarises economic and social 
conditions in an area by 
measuring both advantage and 
disadvantage at SA1 level based 
on “SA1_IRSAD_2016” code of 
census. 

• SA1_IRSAD_2016 provides 10 
decile levels ranked from D1 
(most disadvantaged) to D10 
(most advantaged). 
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Marital Status

Based on Registered marital status (MSTP) 
in 2016 Census 

MSTP codes:

1. Never married

2. Widowed

3. Divorced

4. Separated

5. Married

@ Not applicable

For Modelling:

• Single: 1,2,3,4

• Married: 5

40
Registered marital status (MSTP) | Australian Bureau of Statistics

https://www.abs.gov.au/census/guide-census-data/census-dictionary/2021/variables-topic/household-and-families/registered-marital-status-mstp


Income

Based on Total personal income (weekly) 
(INCP) on 2016 Census 

INCP income groups for modelling:

1. <499$

2. 500$-999$

3. 1000$+

4. Missing

41
Total personal income (weekly) (INCP) | Australian Bureau of Statistics

https://www.abs.gov.au/census/guide-census-data/census-dictionary/2021/variables-topic/income-and-work/total-personal-income-weekly-incp


Homeownership

Two sources of data
• Tenure and landlord type (TENLLD) on 

2016 Census
• Social Security Related Information 

(SSRI)

Homeownership categories for modelling:
1. Homeowner
2. Non-homeowner
3. Missing (for ages >=68)

• Homeownership information only usable 
before age 68

• Census refers to location on census 
night and includes people in 
hospital and in age-cared facilities
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Marital Status

• Based on Registered marital 
status (MSTP) on 2016 Census 

• MSTP codes
• 1 Never married

• 2. Widowed

• 3 Divorced

• 4 Separated

• 5 Married

• @ Not applicable

• Single: 1,2,3,4

• Married: 5

44
Registered marital status (MSTP) | Australian Bureau of Statistics

https://www.abs.gov.au/census/guide-census-data/census-dictionary/2021/variables-topic/household-and-families/registered-marital-status-mstp


Income

• Based on Total personal 
income (weekly) (INCP) on 
2016 Census 

• Personal income group
• <499$

• 500$-999$

• 1000$+

• Missing

45
Total personal income (weekly) (INCP) | Australian Bureau of Statistics

https://www.abs.gov.au/census/guide-census-data/census-dictionary/2021/variables-topic/income-and-work/total-personal-income-weekly-incp


Homeownership

• Two sources of data

• Tenure and landlord type (TENLLD) on 
2016 Census

• Social Security Related Information 
(SSRI)

• Homeownership

• Homeowner

• Non-homeowner

• Missing

• Homeownership information only usable 
before age 68

• Census refers to location on census night 
and includes people in hospital and in 
age-cared facilities 
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Period life expectancy at age 60 for representative profiles

Profile Proportion of Population aged 60-65 Period Life Expectancy

at age 60

Females Males Females Males

P1. Single, Non-homeowner, <499  income, D1 1.92% 1.62% 23.86 18.67

P2. Married, Homeowner, <499 income, D1 2.24% 1.42% 28.04 24.06

P3. Married, Homeowner, <499 income, D7 2.90% 1.48% 30.10 26.27

P4. Married, Homeowner, 1000+ income, D4 0.84% 2.30% 31.90 29.09

P5. Married, Homeowner, 1000+ income, D10 2.46% 4.74% 32.98 30.20
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