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Motivation

1. Longevity risk and financing

a. Ageing populations, improving mortality and decreasing fertility

b. Funding of retirement through DC funds and lack of longevity insurance

c. Trends and volatility in longevity (“Toxic” for reinsurers)

2. Modelling and risk management

a. product design and costing, risk management, securitization

b. longevity guarantee products (life annuities, life time withdrawal guarantees)

3. Mortality models

a. actuarial life table models (deterministic, projections, participating products)

b. demographic (stochastic projections, age parameters, stochastic trend)

c. financial (trend and volatility, flexibility for pricing – price of risk and dependence)



Research Overview

1. Demographic and financial models for longevity risk
a. Demographic models – e.g. Lee-Carter (1992) and extensions

b. Financial models – e.g. Milevsky and Promislow (2001), Dahl (2004), Biffis (2005),
Schrager (2006)

2. Simple model for Australian data
a. Australian population data

b. Lives over age 60

c. Financial framework to calibrate price of mortality risk

d. Dependence between ages, cohort trends and volatility (PCA)

3. Application of the model
a. Securitization of longevity risk using Tranche structure

b. Multiple age portfolio and age dependence

c. Calibration of price of risk to Insurance Linked Security Market

d. Price of risk for different tranches and effect of age dependence
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a. Demographic models - Lee Carter (1992) and Extensions:

b. Financial models - Dahl (2004) and Extensions:

- Derived from financial models for interest rate risk (Vasicek, 
1977; Cox et al, 1985)

Mortality Models

- Age based parameters

- Linear (stochastic) trend in k plus 
volatility (usually trend stationary)

- Age dependence in volatility not 
usually considered

- Difficult to allow for risk neutral pricing

- Model trend and volatility (usually 
difference stationary)

- Incorporate risk neutral pricing

- Extensive research and 
applications of term structure 

interest rate models



Data

Australian Population Mortality Data, ages 50-99, 1971-2004. Human Mortality Database 

(www.mortality.org)



n CDOs - late 1980s

n Insurance-Linked Securitization – USD 
5.6b issued  in 2006*

– Insurance-Linked Bonds

– Industry Loss Warranties

– Sidecars

n Mortality Bond Issues (Vita I-III, Tartan, 
Osiris, 2003-2007)

n Survivor Bond Issues (BNP Paribas/EIB, 
2004)

*Lane and Beckwith (2007)

…with a number of benefits

Longevity Risk Securitisation

n Improved capacity for risk transfer 
as tranching broadens appeal to 
investors

n Issue can be tailored to manage 
basis risk, moral hazard and 
information asymmetry

n Manage credit risk through 
collateralization

n Diversification benefits for 
investors

Securitisation is a vehicle for risk 
transfer



Mortality Model Structure

Fitted mortality model – general structure

Trends varying with age 
(cohort) and time

Volatility from 
dependent shocks….

…expressed as a combination 
of independent shocks

Models multi-age 
portfolios, 
incorporating age 
dependence

Easily adapted to 
pricing mortality-
linked securities 
(Vasicek, 1977; 
Cox et al, 1985)



Analysis of fitted model

The Mortality Model – Estimated using Australian Population data

Fitted residuals normally distributed, mean zero, standard 
error 1, without trends across age or time



Remove trends and analyse standardised residuals

Analysis of covariance matrix of stochastic mortality factors - dW(x,t) - Σ

Cholesky decomposition of  Σ

Using PCA, decompose Σ into its eigenvectors (V), and eigenvalues (diagonal matrix T):

Dependence and Principal Components Analysis (PCA)

15 vectors explain 

92% of variation



The Mortality Model - Projections

- Mortality projected to 

continue improving over 

the next 20 years (except 

older ages)

- Passage of cohort 

through time can be noted

- Volatility highest under 

perfect dependence, 

except at the oldest ages
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- Both the PL and the LL are based on the percentage cumulative losses incurred on an 
underlying annuity portfolio:

- Where the loss on the portfolio in each period is:

Longevity Bond Structure

Longevity Bond



Bond Structure



- Tranche losses are allocated by the cumulative loss on the portfolio. The cumulative tranche loss is then:

Tranching

where

- The tranche loss as a percentage of its prescribed 
principal is:

- The assumed tranche thresholds are:

Portfolio cumulative loss simulations

Longevity Bond Tranching



Pricing Model
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The price for each tranche Pj* is set so that

PLj (P*) = LLj (P*)

Tranche prices



- Premiums valued under a risk-adjusted Q mortality measure. 

or:

where ∆λ(t) is a ‘price of risk 

adjustment’

and the risk adjusted mortality process is:

Pricing Model

Risk adjustment



Portfolio expected cum. 

loss and 95% bounds

Tranche expected cum. loss and 95% bounds under 3 

age-dependence assumptions.

Results – Cumulative Losses

- Variability of portfolio 

loss increases with 

age dependence

- Expected loss higher 

under dep., due to 

option-like payoff

- Tranches losses are 

over/under-estimated 

due to dependence

- Dependence has a 

strong impact on the 

size of tranche 

expected losses 



Tranche cumulative losses, disaggregated by age.

Tranche Losses by age

- Tranche losses 

are not equally 
incurred across 

all ages

- Lower losses in 
young cohorts 

offset high losses 

in old cohorts



Model is calibrated using Lane (2000) risk premium model and 2007 mortality bond issues using non-linear 
least squares:

- Price of risk for the model

So that for each x and t:

- λ* is chosen so that: - Price of risk

Calibration for Pricing



Model I: Tranche Premiums (column)

and Risk Adjustments (line)
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Tranche Premiums for Differing Age Dependence



• Financial model framework adapted to longevity modelling and 
calibrated to Australian population data

• Mortality model allows for ‘price of risk’ to vary by age and time.

• Price of risk calibrated to market data for insurance linked 
securities.

The Mortality Model

• Mortality model includes trend (cohort, age) and risk factor dependence by 
age 

• Importance of age-dependence is assessed. Implications for modelling 
mortality-linked securities on multi-age portfolios.

Securitization and Longevity Bond

The Pricing Model

• Longevity-linked securitization assessed based on portfolio of multiple ages

• Pricing and pay-offs of tranching is assessed, under a range of age 
dependence assumptions

Summary



Conferences in 2010

n World Risk and Insurance Economics Congress – at Singapore 
Management University  25-29 July 2010

– Asia-Pacific Risk and Insurance Association (APRIA), American Risk 

and Insurance Association (ARIA), European Group of Risk and 
Insurance Economists (EGRIE), The Geneva Association

– Proposal Submission Deadline 1 February 2010 papers by 1 June 

2010

n Longevity 6: 6th International Longevity Risk and Capital Markets 
Solutions Conference – hosted by Australian Institute of 

Population Ageing Research, UNSW, 9-10 September 2010 Bondi 
Beach, Sydney

– Focus on “Reinsurance and Financial Markets” and “Government 

Role, Public and Private Market Solutions”

– Proposed date for submission of papers – 30 April 2010
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