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Longevity risk1 has become a major concern  
for pension and annuity business providers due  
to the increase of life expectancy and uncertainty 
surrounding future mortality improvements.  
Contrary to classic insurance risk, the size of the 
portfolio does not mitigate the overall level of risk 
because the whole portfolio is similarly affected. 
Longevity risk has recently become even more 
visible since investment returns no longer comfort-
ably compensate for the impact of longevity 
improvements. 

This paper deals with the ‘Longevity Bond’2, a 
market solution to reduce longevity risk exposure. 
Other solutions are also briefly reviewed and 
compared to the longevity bond in terms of their 
associated risk transfer benefit. In addition, the 
paper presents the PartnerRe pricing approach  
for modeling mortality dynamics, the basis of all 
longevity risk transfer product formulation.

The Experience of Annuity Markets 
The annuity market differs from one country to 
another in terms of size, conditions and maturity.  
In mature markets such as the U.K., pension and 
annuity providers have experienced a strong devia-
tion in mortality rates over the past decade. The 
mortality assumptions used for product valuation 
have proved to be overly optimistic. Each new 
refinement of these assumptions can of course  
lead to a high reserve deficit for the provider. 
Moreover, the fast arriving retirement of the baby 
boomers is expanding these annuity markets within 
the context of potential mortality improvement 
underestimation. 

New entrants attempting to establish or develop  
a private sector pension system, for instance 
elsewhere in Europe, Latin America and Asia, are  
facing difficulties mainly due to the absence of  
an experienced annuity market and lack of hedging 
instruments.
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1	 Longevity risk is the risk that an 
individual or a group of individuals 
live for longer than expected.

2	 Also known as ‘Survivor Bonds’.

Figure 1 
Reinsurance solutions trans- 
fer various combinations of 
investment, interest rate and 
longevity risk to the reinsurer.  
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Ways to Mitigate Longevity Risk
There are three principal reinsurance-linked 
solutions to mitigate longevity risk:

•	 Traditional life reinsurance, for example on a quota 
share or surplus basis. With such covers, both 
longevity and financial risks, the latter via the 
reserve transfer, can be passed to the reinsurer. 
Such solutions tend to impact the solvency margin 
of the ceding company.

•	 The ‘Mortality Swap’ and variants. These tailor-
made solutions are generally offered on a risk 
premium basis and in effect transfer only  
the longevity risk component of the portfolio.  
The reinsurer and ceding company agree on  
the mortality assumptions for up to the whole 
duration of a closed portfolio. Based on these 
assumptions, the ceding company pays the  
yearly expected amount of annuities to the rein-
surer. In return, the reinsurer pays the actual 
amount of annuities due within each year.

•	 Market solutions, including the ‘Longevity Bond’. 
With these, the risk is embedded in a capital 
market instrument. In the case of the longevity 
bond, the return on the bond is linked to the evo-
lution of a selected mortality-linked index.

Principles of the Longevity Bond
In the same way that an inflation-linked bond pro-
tects the investor from unexpected changes in the 
consumer price index, a longevity bond is designed 
to protect companies from unexpected increases  
in the life span of their annuitants, i.e. the longevity 
risk. This mortality-linked financial instrument is  
a solution on the asset side of the balance sheet. 

Mortality-linked bonds can be divided into two 
categories:

•	 Mortality bonds, in which investors bear the risk  
of losing expected coupons and perhaps a part of 
the principal3 if an extreme mortality event occurs.

•	 Longevity bonds, in which the payoff is linked to 
the mortality evolution of a pre-defined population 
cohort via a selected mortality index.

The difference between these two types of bond  
lies in their horizon and purpose. Mortality bonds 
correspond to a short-term outlook (several years) 
and protect the holder against catastrophic mortality 
events (such as a pandemic). In contrast, longevity 
bonds are designed as a long-term mechanism to 
reflect the year-by-year mortality deviations in the 
accounts of the holder. 

The longevity bond investor initially pays the issue 
price and then receives in return an annual, mortality-
dependent payment. Whereas a conventional  
or ‘nominal’ bond pays its annual coupon on a fixed 
amount and the principal is repaid at the term, the 
longevity bond, designed on a predefined birth 
cohort, provides annually floating payments which 
depend on the number of cohort survivors translated 
via the selected mortality index. 
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3	 The principal or nominal of a 
bond is the amount on which the 
issuer can pay interest (coupon), 

and which has to be repaid at  
the term (maturity) of the bond.

Figure 2 
Graph showing the annual 
payments of a 30-year 
longevity bond. The payments 
are designed to mirror the 
actual mortality deviations  
of the protected annuity 
portfolio and thus mitigate the 
associated longevity risk.
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The payoff of the bond is the series of ‘floating rate 
coupons’, which constitute the principal plus inter-
est, amortizing over the duration of the bond (figure 
2). The annual payments of the bond decrease in 
line with the mortality of the cohort, as observed 
through the updated actual values of the index over 
time. The floating component thus compensates for 
the difference between the actual experience and 
the initial expected mortality of the chosen cohort. 

In this way, the payoff of the bond is intended to 
match the shape of actual annuity/pension pay-
ments, creating an effective hedging solution 
against longevity risk.

The mortality index, selected to assess the mortality 
of the cohort, is often based either on the national 
population or on an existing portfolio. Due to its 
central role in the payoff development of the bond, 
the mortality index, for instance a cumulative 
survivor index S(t), needs transparency. It should  
be accessible to the investor on a periodic basis (at 
least yearly), built up with a predefined and fixed 
statistical method over time, and also administrated 
by an independent body.

How Longevity Bonds Have Developed
The first longevity bond, designed in 2004 for U.K. 
pension schemes, was developed based on the 
longevity expertise and capacity offer of PartnerRe. 
Developed in collaboration with BNP Paribas/EIB4, 
this 25-year bond provided coupons linked to mor-
tality experience via an ONS5 survival index of males 
in England and Wales aged 65 in 2003. Unfortu-
nately, as a new concept and in the absence of  
a liquid market at that time, the bond was not sold. 
This served nevertheless to highlight a number of 
key factors:

-	 The underlying mortality index must be tailored as 
closely as possible to the exposure of the cohort 
(age and gender) in order to minimize basis risk. 

-	 Regulatory incentives can significantly improve  
the efficiency of a longevity bond, in particular if 
these reduce the solvency requirement for the 
bond investors.

-	 Pension providers and life insurers should 
mandate their fund managers to maintain the link 
between assets and liabilities. 

Mortality Swap
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Figure 3 
A simplified representation  
of the principal relationships 
between the possible 
counterparties of a longevity 
bond. 

4	 European Investment Bank

5	 The Office for National Statistics, 
U.K.

6	 A Special Purpose Vehicle/Entity 
is an ad hoc structure with legal 
status created for isolating and 
securing financial transactions.
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Since 2004, longevity risk has received increasing 
press coverage and interest in securitization via 
longevity bonds is again high. At the end of 2005, 
Credit Suisse First Boston (CSFB) announced the 
release of the Credit Suisse Longevity IndexSM,  
the first index designed specifically to enable the 
structuring and settlement of longevity risk transfer 
instruments. More recently, JP Morgan proposed 
the LifeMetrics IndexSM in order to initiate the 
“development of a liquid market in traded mortality 
and longevity”.  

Pricing
The bond is priced by discounting the series of 
anticipated annual cash flows over the duration of 
the bond, based on the expected future mortality  
at the issue date. 

Modeling Future Mortality
Modeling of the expected future mortality is usually 
undertaken based on data from the portfolio itself,  
if sufficient data exists, or on market data. As sum-
marized in table 1, there are currently three main 
accepted approaches to modeling future mortality. 

Extrapolative models are currently considered to  
be the most reliable, and are therefore the most 
commonly used by actuaries and official agencies. 
These models express age-specific mortality as  
a function of a calendar year (figure 4).

The concepts behind the two other approaches 
could contribute in a complementary manner to the 
extrapolative approach. For example, improving  
diet, changes in smoking habits and/or improving 
healthcare will impact mortality trends. 

The common approach to the prediction of future 
mortality has been to use extrapolative models via  
a deterministic approach, which directly extended 
past trends but made no allowance for uncertainty. 
More recently, stochastic models have been intro-
duced: These generate numerous possible paths  
for mortality projections and then provide a measure 
of the uncertainty surrounding the future mortality 
improvements.

To summarize the given points, figure 5 presents  
the simplified steps involved in calculating the issue 
price of a longevity bond. 

Models	 Assumptions	 Remark 

Biomedical Process 	 Mortality is caused	 •	 High complexity. 
Based	 by an accumulation 	 •	 High level of  
	 of medical defects. 		  information needed. 

Explanatory Modeling	 Mortality is linked to 	 •	 Explanatory links are 
	 economic or 		  difficult to highlight. 
	 environmental factors.	 •	 Possible dependency 
			   between variables 		
			   (difficult to predict). 

Extrapolative Modeling 	 Mortality is based on the	 •	 Deterministic or  
	 projection of past trends.		  stochastic models. 
		  •	 Mortality is a function 		
			   of time and age. 

Table 1 
The three main approaches to 
modeling  
future mortality.  
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PartnerRe and Longevity Risk Transfer
At PartnerRe, we have an appetite for longevity risk 
and are continuously enhancing our capacity to 
provide accurate and specific solutions to carriers of 
this risk. We offer traditional reinsurance solutions, 
tailor made swaps and securitization solutions, 
including the longevity bond, to protect ceding com-
panies against mortality deviations. We advise our 
clients on the most appropriate choice, which will 
depend on their specific risk appetite, preference 
regarding financial risk retention, and portfolio 
characteristics.

Our life business unit has a high degree of expertise 
in measuring and modeling mortality dynamics. We 
have implemented stochastic models to assess 
future mortality, and are able to adapt these depend-
ing on the available portfolio or population data. The 
models are principally based on times-series model-
ing, such as used in the Lee Carter family of mod-
els, or on P-Splines, originally known for their inter-
polation and smoothing properties. Our best 
estimate of the future mortality is calculated in a 
transparent manner, including an adequate charge 
for the allocated economic capital.

The longevity bond is one solution that can offer 
effective risk transfer to ceding companies, and in 
particular to those with substantial annuity portfolios 
and to self-administered, defined benefit pension 
plan sponsors. The best results will be achieved 
where the annuity market is well developed – such 
markets tend to have better data quality and larger 
individual portfolios, which reduce the costs associ-
ated with volatility – and where the involved parties 
have broadly the same perception of longevity risk. 
Based on the latest data and recent modeling 
improvements, views are likely to converge over 
time. There is therefore a clear expectation that the 
market for securitization of longevity risk will 
increase, expanding the risk transfer product diver-
sity available to ceding companies.
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Figure 4 
The force of mortality by age 
for four calendar years, based 
on mortality data for England 
and Wales, males, general 
population, (logarithmic scale). 
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Issue Price

Evaluation of the historical 
and current mortality of 
the chosen cohort from an 
existing portfolio or public 
source.

Forecasting of the future 
mortality with allowance for 
uncertainty.

Translation of the future 
mortality via the index.

Discounting of the 
anticipated cash 
flows permits calculation 
of the issue price. 

Figure 5 
Stages to calculate an issue 
price for a longevity bond.
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