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Context of Mortality Modelling 
and Population Demographics
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2020 World population approx. 7.8 Billion

Projected World population will be 
9.7 Billion by 2050 
10.9 Billion by 2100 

World population growth rate peaked in 1962 at 2.2%

Great leap forward famine
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What about Life Expectancies?

Two Components:

• life expectancy (the average number of years that an individual is expected to 
live based on current mortality rates)

• healthy life expectancy (the average number of years that an individual is 
expected to live in a state of self-assessed good or very good health)

NOTE:
Expectations of life are often calculated in one of two ways: 

• Period life expectancy and cohort life expectancy. 

Cohort life expectancies are calculated using age-specific mortality rates, which 

allow for known or projected changes in mortality in later years.
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At birth
At birth At age 65

Males Females Males Females

Life expectancy 79.5 83.1 18.7 21.1

Healthy life 
expectancy

63.4 64.1 10.5 11.2

Number of 
years in poor 
health

16.1 19.0 8.2 9.9

% of life in 
poor health

20.3 22.9 43.9 46.9

Office of National Statistics (UK government)

Whilst life expectancy is increasing so to is the number of disabled/unhealthy years of life
→ unhealthy years of life where medical, care and reduced ability to work are increasing

2013-2015 UK
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Stochastic Mortality Models
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Evidence for Additional Structure in
Time-Series Regression Models for 

Mortality Projection

Long Memory/Persistence 
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We also explore various small sample adjustments and robust estimator extensions!
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Example of Mortality Forecast 
Performance



Female Australian Mortality Forecasts:
- One of longest national level statistics 

with complex population demographics
- Known to be challenging to forecast 

national level statistics.
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Comments on Retirement Incomes: 
Pensions and Defined Benefits 
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Insurance Sector and Government/Private Pension Preparedness:

• Prior to 2000’s: UK, Australia,… defined benefit pension plans had 
limited exposure to effects of longevity risk 

→ high equity returns on pension fund wealth 
management portfolio’s were masking impact of longevity 
risk

• Post to 2000: declining equity returns coupled with record low 
interest rate financial environments has demonstrated the 
significance of decades of longevity improvements now posing a 
very real problem for pension schemes.

• Regulations such as Basel II and Solvency II for insurers who offer 
retirement income products are now also required to hold 
additional reserving capital to cover longevity risk.
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RANK COUNTRY 2019 INDEX SCORE

1 The Netherlands 81

2 Denmark 80.3

3 Australia 75.3

4 Finland 73.6

5 Sweden 72.3

6 Norway 71.2

7 Singapore 70.8

8 New Zealand 70.1

9 Canada 69.2

10 Chile 68.7

11 Ireland 67.3

12 Switzerland 66.7

13 Germany 66.1

14 United Kingdom 64.4

15 Hong Kong 61.9

• The average sub-index scores for 37 countries were 60.6 for adequacy, 69.7 for integrity, 
and 50.4 for sustainability.

So how well have pension providers responded to these 
challenges so far?
Melbourne Mercer Global Pension Index
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Melbourne Mercer Global Pension Index

Adequacy Sub-Index (40% of a country's overall index value)

Considers how a country's pension system benefits poor and a range of income earners. 
• assesses country's household savings rate, household debt, and rate of 

homeownership.

Sustainability Sub-Index (35% of a country's overall index value)

Considers sustainability of a country's retirement fund system. 
• assesses level of coverage of private pension plans, the length of expected retirement 

now and in the future, the labor force participation rate of older workers, government 
debt, and economic growth.

Integrity Sub-Index (25% of a country's overall index value)

Considers aspects of communication, costs, governance, regulation, and protection of 
pension plans within that country. 
• considers the quality of the country's private sector pensions.



Australia 

(relatively well prepared)

2015 Australian Governments 
Intergenerational Report shows 
projections from the treasurer 
2015 to 2055

• emphasize the stress that one 
of the worlds best prepared 
pension/superannuation 
schemes will face in coming 
decades.
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➢ Most significant expenditure item of 2016-
2017 government budget in Australia is social 
security and welfare (35% of tax revenue) 
→ assistance for aged care is the largest 
component!

From 2015 to 2055:

➢ Number of Australians aged 65 and over will more 
than double

➢ Number of people aged between 15 and 64 for 
every person aged 65 and over will change from 
4.5 to 2.7 people

➢ Age and Service Pension payments change will go 
from 2.9% of GDP to 3.6% of GDP

➢ Government expenditure on aged care services will 
double (change from 0.9% of GDP to 1.7%)
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Conclusions
• An ageing population is a major challenge for many country in the world arising 

from declining fertility rate and increasing life expectancy. 

• The adverse outcome of people living longer than expected, exacerbated by the 
record low interest rate environments, has significant implications for societies 
and manifests as a systematic risk for the governments and industry providers of 
retirement income products. 

• At the same time the long term effects of defined contribution pension system 
(that replaced a defined benefit system) need to be better understood. 

• Retirees are faced with making many complex decisions under large uncertainties 
of lifetime and financial returns, accounting for the government provided means-
tested Age Pension (and possible policy changes) and preferences for 
consumption, housing and bequest. 

• Furthermore, costs of health and aged care are increasing significantly making it 
very difficult for people and governments to plan and budget these costs due to 
significant uncertainty in predicting their future trends.
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Research Directions in Mortality 
and Morbidity Modelling
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Healthy Life Expectancy Concepts and definitions

Health state life expectancies add a quality of life dimension to estimates of life 

expectancy (LE) by dividing expected lifespan into time spent in different states of 

health or disability. 

Healthy life expectancy (HLE), which estimates lifetime spent in “very good” or “good” 

health, is based on how individuals perceive their general health. 

The second is disability-free life expectancy (DFLE), which estimates lifetime free from 

a limiting persistent illness or disability. This is based upon a self-rated assessment of 

how health conditions and illnesses limit an individual’s ability to carry out day-to-day 

activities.

DFLE is defined as the number of remaining years that an individual can expect to live 

without an activity restriction in carrying out normal day-to-day activities associated 

with a long-standing physical or mental health condition or illness. 
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LMLM Model

A key example of the improvement of incorporating Long Memory into 
period and cohort latent intensity components improves relative to classical 
Lee-Carter Models.
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Example of Cohort Life-Expectancy 
Forecast Performance

Note: blackline will be observed life expectancies but the model results are real 
out-of-sample forecasts which are produced in a period of time when they can be
compared to the observed life-expectancies
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