
              

City, University of London Institutional Repository

Citation: Coughlan, G. D., Blake, D. ORCID: 0000-0002-2453-2090, MacMinn, R., 
Cairns, A. J. G. and Dowd, K. (2013). Longevity Risk and Hedging Solutions. In: Dionne, G. 
(Ed.), Handbook of Insurance. (pp. 997-1035). New York, USA: Springer Science & Business 
Media. ISBN 978-1-4614-0154-4 

This is the accepted version of the paper. 

This version of the publication may differ from the final published 
version. 

Permanent repository link:  https://openaccess.city.ac.uk/id/eprint/25327/

Link to published version: 

Copyright and reuse: City Research Online aims to make research 
outputs of City, University of London available to a wider audience. 
Copyright and Moral Rights remain with the author(s) and/or copyright 
holders. URLs from City Research Online may be freely distributed and 
linked to.

City Research Online:            http://openaccess.city.ac.uk/            publications@city.ac.uk

City Research Online

brought to you by COREView metadata, citation and similar papers at core.ac.uk

provided by City Research Online

https://core.ac.uk/display/350053963?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1
http://openaccess.city.ac.uk/
mailto:publications@city.ac.uk


  
Page 1 

 
  

  

     
 
 
 
 

 
Longevity Risk and Hedging Solutions 

 
26 August 2012 

 
Guy Coughlana) 

David Blake b) 

Richard McMinn c) 

Andrew J.G. Cairns d) 

Kevin Dowd e) 

 
 

ABSTRACT 
 
Longevity risk – the risk of unanticipated increases in life expectancy – has only recently been 
recognized as a significant global risk that has materially raised the costs of providing pensions and 
annuities.  We first discuss historical trends in the evolution of life expectancy and then analyze the 
hedging solutions that have been developed for managing longevity risk. One set of solutions has 
come directly from the insurance industry: pension buyouts, buy-ins and bulk annuity transfers. 
Another complementary set of solutions has come from the capital markets: longevity swaps and q-
forwards. This has led to hybrid solutions such as synthetic buy-ins. We then review the evolution of 
the market for longevity risk transfer, which began in the UK in 2006 and is arguably the most 
important sector of the broader “life market”. An important theme in the development of the 
longevity market has been the innovation originating from the combined involvement of insurance, 
banking and private equity participants. 
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I. Introduction 
 
The first decade of the twenty-first century saw the emergence of the “life market,” a new 
institutional market in which assets and liabilities linked to longevity and mortality are traded. The 
life market has so far developed slowly, but has the potential to grow into a very large global market 
in the coming years, driven, in particular, by a widely-anticipated expansion in longevity risk 
management. This expected expansion reflects the increasing recognition of the threat to the 
provision of retirement income posed by unanticipated advances in life expectancy. This so-called 
“longevity risk” means that the cost of providing pensions and annuities to retirees may be very 
much higher than expected, leading to significant financial losses for insurers, pension plans, 
corporations and governments. 
 
Despite its slow initial growth, this market has witnessed impressive innovation, much of which has 
come from the interplay of the differing perspectives of the insurance, investment banking and 
private equity industries. This has led to the development of new capital markets solutions for 
transferring longevity risk alongside more traditional insurance solutions. It has also spurred 
significant innovation in the design and implementation of insurance solutions themselves.  
 
This chapter is focused on the development and structure of the longevity market and surveys both 
insurance and capital markets channels for longevity risk transfer. It places particular emphasis on 
the different perspectives of the various market players and the role of innovation in market 
development. 
 
In Section II, we discuss historical trends in the evolution of life expectancy and the problem 
longevity risk poses for the retirement industry. In Section III, we define the market for longevity risk 
transfer, discuss its origins and development. We describe the key market participants and the role 
that the capital markets play in providing complementary solutions to traditional insurance 
solutions. Section IV discusses the development of the longevity market since its birth in the UK 
which we argue dates from 2006. Section V presents a framework for evaluating the effectiveness of 
longevity hedges and illustrates this with a case study involving a US pension plan. Section VI reviews 
the innovations that have been a feature of this market, before Section VII presents our conclusions. 
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II. Longevity risk 
 
Trend vs. risk 
 
Life expectancy has been rising in almost all the countries of the world for both males and females.1 
Figure 1 shows the steady increases in period life expectancy over the past 50 years for 65-year-old 
males and females in England & Wales (EW) and in the US. This reflects the increasing length of time 
that both sexes spend in retirement in all developed countries. Furthermore, Figure 2 shows that the 
maximum life expectancy at birth for females across developed countries has been increasing almost 
linearly at the rate of nearly three months per year for more than 150 years.2 
 

Figure 1: Period life expectancy at age 65 in the US and England & Wales 1961-2010. 
 

10

12

14

16

18

20

22

1960 1970 1980 1990 2000 2010

65 EW Males

65 EW Females

65 US Male

65 US Female

 
 

Source: LifeMetrics. 
 

                                                           
1
 There are only a few exceptions: a current example is Zimbabwe, where life expectancy at birth has fallen to 

37 for males and to 34 for females. 
2
 There is no sign of this trend abating according to a recent study: “Life expectancy in Europe is continuing to 

increase despite an obesity epidemic, with people in Britain reaching an older age than those living in the 
United States, according to study of trends over the last 40 years. In a report in the International Journal of 
Epidemiology, population health expert David Leon of the London School of Hygiene and Tropical Medicine 
said the findings counteract concerns that the rising life expectancy trend in wealthy nations may be coming to 
an end in the face of health problems caused by widespread levels of obesity. The report comes as news of the 
U.S. mortality rate fell to an all-time low in 2009, marking the 10th consecutive year of declines as death rates 
from heart disease and crime dropped. In total, rates declined significantly for 10 of the 15 leading causes of 
death, including cancer, diabetes and Alzheimer's disease” (Kelland, 2011). 
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                                  Figure 2: Record female life expectancy since 1840 
 

 
Source: Oeppen and Vaupel (2002)  
 
Although aggregate increases in life expectancy can place burdens on both public and private 
defined benefit (DB) pension systems, they would not necessarily do so if they were fully 
anticipated. Indeed, governments and pension plan sponsors have begun to respond to increases in 
life expectancy by requiring individuals to pay higher pension contributions when they are in work 
and/or to work longer. Pension plan members do not relish either prospect, as has been 
demonstrated through public statements by trade union officials, industrial action and protests in a 
number of countries. Despite this, separately or in combination, these measures can be used to 
maintain the viability of pension systems in both the public and corporate sectors. The UK 
government, for example, is raising the state pension age (SPA) for women from 60 to 65 between 
2010 and 2018 and then raising the SPA for both men and women to 66 by 2020, to 67 by 2026 and 
to 68 by 2046. It has also removed the default retirement age in private pension plans. In 2010, 8% 
of the UK workforce above age 65 was still in work. 
  
So it is not the aggregate increase in life expectancy per se that is challenging the viability of pension 
systems almost everywhere. Rather, it is a combination of (i) uncertainty surrounding the trend 
increases in life expectancy and (ii) variations around this uncertain trend that is the real problem. 
This is what is meant by longevity risk and it arises as a result of unanticipated changes in mortality 
rates. It is only fairly recently that the stochastic nature of mortality rates has begun to be 
recognized. Figure 3 shows that aggregate mortality rates (in this case those of 80-year-olds in the 
US and England & Wales) have been generally declining, but that changes have an unpredictable 
element, not only from one period to next, but also over the long run. 
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A large number of products in the pension and life insurance industries count longevity as a key risk, 
DB pension plans and annuities being important examples. These products expose the providers to 
the risk of unanticipated changes in the mortality rates of the relevant reference populations over 
very long periods of time. In particular, the remarkable increases in survival at older ages since the 
second half of the twentieth century (see for example Kannisto (1994); Vaupel (1997)) represent a 
trend of growing concern to annuity providers and DB pension plan sponsors. 
 
To be more specific, annuity providers are exposed to the risk that the mortality rates of annuitants 
will fall at a faster rate than accounted for in their pricing and reserving calculations. Annuities are 
commoditized products selling on the basis of price, and profit margins have to be kept low for 
competitive reasons. If the mortality assumption built into the price of annuities turns out to be a 
gross overestimate (and, as a result, the longevity prediction a gross underestimate), this will 
reduce, or even eliminate, the profit margins of annuity providers. The impact on DB pension plans is 
similar. If the mortality assumption built into the budgeted cost of pension provision turns out to be 
a gross overestimate, then pension plan sponsors – public sector and corporate alike – will see 
funding deficits emerge, necessitating possibly significant additional contributions to fill the gap.  
 
 

Figure 3: Mortality Rates for 80-year-olds in the US and England & Wales 1961-2010 
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Source: LifeMetrics. 
 
Impact of longevity risk  
 
As we have already noted, the cost of providing a pension or annuity depends on the expected long-
term trend of future mortality rates. If the realized trend involves higher mortality improvements 
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(i.e., lower mortality rates) than expected, then the cost of that pension or annuity can be 
significantly higher than expected. So longevity risk is not only a “volatility” risk (as most investment 
risks are), but also a “trend” risk (unlike most investment risks). Moreover it is a slowly-building, 
cumulative trend risk. Mortality rates in future years depend on the cumulative mortality 
improvements between now and then, which only become significant over long timescales. Table 1 
shows the increase in the cost of providing a pension or an annuity if mortality rates fall by just 1% 
more than the expectations of pension plans and annuity providers.3 The impact can be very 
substantial, particularly for younger pre-retirement beneficiaries and particularly if the pension 
includes an adjustment for inflation or cost of living. 
 

Table 1: Impact of an unexpected fall in future mortality rates of 1% per year below expectation 
 

 45-year-old 
Pre-retirement 

65-year-old 
Retiree (Pensioner) 

Impact on life expectancy +2.7 years +1.0 years 

Impact on cost of providing a fixed pension +7% +3% 

Impact on cost of providing an inflation-linked  pension +11% +5% 

 
Source: Coughlan et al. (2008b). 

 

                                                           
3
 The figure of 1% is taken to standardize the measurement of the sensitivity, or elasticity, of pension costs to 

changing mortality rates. As such, this sensitivity is analogous to the concept of duration in finance which 
measures the sensitivity to changes in interest rates. For this reason, it is often referred to as “mortality 
duration” or “q duration” (Coughlan et al., 2007a, 2008b). 



  
Page 7 

 
  

  

III. Longevity market structure 
 
This section reviews the structure of the market for longevity risk transfer. It describes the different 
segments of the market, the various participants in the market and the range of products that have 
been used to transfer longevity risk. 
 
Defining the longevity market 
 
The market for longevity risk transfers is a part of the broader life market that encompasses 
transactions of different kinds, many of which have existed for a considerable time. These 
transactions include: 
 

 Pension buy-outs (also referred to as pension plan terminations), which transfer pension 
liabilities and all the associated risks and obligations to insurers. These are insurance 
solutions. 

 Pension buy-ins, which transfer a portion of the longevity risk and investment risk to insurers 
through the bulk purchase of annuities by the pension plan. These are insurance solutions. 

 Bulk annuity and reinsurance deals, which transfer annuity portfolios between 
insurers/reinsurers. These are also insurance solutions. 

 Longevity bonds, which transfer longevity risk from a pension plan or annuity portfolio to 
another party in the form of a security. These are capital markets solutions. 

 Longevity swaps, which transfer just longevity risk from a pension plan or annuity portfolio 
to another party. These can be either insurance or capital markets solutions. 

 Mortality catastrophe bonds and swaps, which transfer the risk of a devastating 
(catastrophic) rise in mortality due, for example, to a pandemic or natural disaster, from a 
life insurer or reinsurer to other parties. These are capital markets solutions. 

 Life securitizations, which transfer the risks associated with a particular block of insurance 
business to the capital markets in the form of a security. These are capital markets solutions. 

 US life settlements transactions, which transfer small portfolios of US life assurance policies 
to investors. These are capital markets solutions. 

 
Figure 4 shows the development of public transaction values for selected life market segments from 
2001 to 2011. Until  2009, a challenging year following the collapse of Lehman Brothers, the market 
had shown impressive growth, which only began to resume in 2011. 
 
In this chapter, our focus is on the first five transaction types in the above list which are classified as 
“macro-longevity” transactions since they all involve a large pool of lives: pension buy-outs, pension 
buy-ins, bulk annuity transfers, longevity bonds and longevity swaps. These constitute the most 
important practical solutions for transferring the longevity risk linked to the provision of retirement 
income and define what we consider to be the “longevity market” for the purposes of this chapter. 
They are described in more detail below. We do not consider, in particular, the segments of the life 
market associated with (i) the hedging of mortality exposure by life insurers, (ii) life securitizations, 
or (iii) life settlements transactions (also called “micro-longevity” transactions)4. 

                                                           
4
 A life settlement involves the sale of a life insurance policy to a third party for more than its cash surrender 

value, but less than its net death benefit. The third party takes on the obligation to pay the premiums on the 
policy and receives the eventual benefit payout. As such, the third party is exposed to the longevity risk of the 
insured life. The securitization of pools of life settlements began in 2004 and these pools have generally been 
small, typically containing the policies of at most a few hundred individuals – hence the term “micro 
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In defining the longevity risk transfer market it is important to include transactions executed in both 
capital markets and insurance formats. These are alternative but complementary channels for 
achieving the same goal. The market operates by transferring longevity risk from DB pension plans 
and insurers to end holders of the risk, often via an intermediary, as shown in Figure 5. 
 
Longevity market participants 
 
Three primary kinds of participants are usually involved in longevity transactions: 
 

• Hedgers: These include insurers or annuity providers and pension plans that are naturally 
exposed to longevity risk and are seeking to reduce or eliminate it. 

• Investors: These include insurers and reinsurers as well as capital markets investors. The 
latter include insurance linked securities (ILS) funds, hedge funds, sovereign wealth funds, 
family offices and endowments. 

• Financial intermediaries: These include banks and other financial institutions that facilitate 
risk transfer and, in many cases, stand between hedgers and investors. Note that financial 
intermediaries such as banks are unlikely to be long-term holders of significant amounts of 
longevity risk, but they may temporarily warehouse the risk to facilitate liquidity provision. 

 
Capital markets investors are a new and important group of participants in the longevity market. 
While the number of investors that are in a position to invest directly in longevity risk is currently 
limited, a much larger number are in various stages of evaluating it as an asset class and developing 
the necessary skills and infrastructure. To them, longevity represents a new investment opportunity 
offering a positive risk premium and the benefit of diversification by virtue of having very low 
correlations with traditional asset classes.  
 
Financial intermediaries can be useful for capital-markets-based longevity transactions for three 
reasons: 
 

• Liquidity provision. By providing liquidity to both sides of the market, it is unnecessary for 
hedgers to wait for interested investors to enter the market before hedging and vice versa. 
Moreover, the hedge remains in place if an investor redeems its longevity investment. 

• Credit intermediation. By fulfilling the role of counterparty to both hedgers and investors, 
credit counterparty exposure can be left with institutions, such as banks, that are best 
equipped to manage it. 

• Repackaging. Many investors want to take longevity risk in different forms from that in 
which hedgers want to shed it. By standing in the middle, intermediaries can tranche 
exposures into different parcels to meet the specific needs of different investors and 
hedgers. 

 
The capital markets as a channel for longevity risk transfer 
 
We have already noted that the capital markets are a complementary channel for longevity risk 
transfer. The development of a vibrant channel for longevity risk transfers to the capital markets is 
widely seen as beneficial for the insurance industry in terms of facilitating the efficient management 
of capital and building additional insurance capacity. In particular, the capital markets bring a 
number of benefits including: 
 

                                                                                                                                                                                     
longevity”. The first life settlement securitization was a $63 million issue by Tarrytown Second LLC in 2004, 
which was backed by life policies with a face value of $195 million. 
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 Additional capacity for bearing longevity risk. The universe of end holders of longevity risk is 
expanded beyond insurers and reinsurers to include capital markets investors. 

 Greater diversity of counterparties. Hedgers are not restricted to transact just with insurers 
and reinsurers, but can also transact with investment banks, exchanges and other 
intermediaries. 

 Liquidity. Appropriately designed capital markets contracts have the potential to be highly 
liquid, which is not the case with insurance contracts. 

 Fungibility. Longevity hedges or investments transacted with one institution have the 
potential to be unwound with another institution offering better pricing. 

 Counterparty credit exposure management. Longevity hedges transacted as capital market 
derivatives are required to be fully collateralized on an economic, or marked-to-market, 
basis to reduce counterparty credit exposure. In the past, this requirement has generally not 
been the case with insurance transactions, although it is now changing for longevity 
transactions. 

 
There are three main differences between capital markets and insurance-based longevity 
transactions: 
 

 The legal form of the contract (insurance contract vs. financial contract).  

 The counterparty facing the hedger, which for insurance-based hedges must be an insurer, 
while, for capital markets hedges there is no specific requirement.  

 The nature of the end holder of the risk is different. With insurance-based hedges, the risk 
will end up with insurers and/or reinsurers, whereas for capital markets hedges, the end 
holders of the risk can include capital markets investors.  

 
Despite these differences, the two kinds of transactions, when appropriately structured, achieve a 
similar result in economic terms. The choice between the two comes down to relative pricing and 
the preferences of, and restrictions faced by, the counterparties. 
 
Buyouts, buy-ins and bulk annuity transfers 
 
The traditional solution for managing the longevity risk in a DB pension plan or an annuity portfolio 
is to transfer the liability, along with all its risks, to an insurer (or reinsurer) via a contract of 
insurance (or a reinsurance treaty), using the insurance channel described above.  
 
Buyouts are the endgame for DB pension plans in that they remove the pension liability from the 
balance sheet of the sponsor.5 This process typically involves transferring the assets and liabilities of 
the pension plan to an insurer, along with a top-up payment required to bring the assets up to the 
level of the so-called “buyout liability” (Figure 6). The buyout liability is typically larger than the 
accounting liability (under both IFRS and US GAAP), as it reflects what are typically higher and more 
realistic longevity assumptions, discounting based on the swap curve, expenses and a risk premium. 
According to one UK pension consultant, 2011 buyout pricing was approximately at a 15% premium 
to the accounting liability for pensioners and 25% for non-pensioners (LCP, 2011). 
 
Buy-ins involve the bulk purchase of annuities by the pension plan to hedge the risks associated with 
a subset of the plan’s liabilities, typically associated with retired members. The annuities become an 
asset of the plan and reflect the mortality characteristics of the plan’s membership in terms of age 
and gender. Buy-ins are often used as a staging post on the road to full buyout. They can be thought 

                                                           
5
 Buyouts are therefore only suitable for DB pension plans which have closed not only to new members but 

also to future accrual of pension entitlements by existing plan members.  
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of as providing a “downsizing” of the pension plan in economic terms, but not necessarily in 
accounting or regulatory terms. They enable the plan to lock-in attractive annuity rates over time, 
without the risk of a spike in pricing at the time they decide to proceed directly to a full buyout. Buy-
ins also offer the sponsor the advantage of full immunization of a portion of the pension liabilities 
for a much lower (or even zero) up-front cash payment relative to a full buyout. Since the annuity 
contract purchased in a buy-in is an asset of the pension plan, rather than an asset of the plan 
member, the pension liability remains on the balance sheet of the sponsor. A common type of buy-in 
in the UK has been the pensioner buy-in, in which the liabilities associated with retirees who are 
currently receiving their pensions are matched with an annuity (see Figure 7). Pensioner buy-ins are 
cost-effective because, for a given liability value, there is less risk associated with pensioners than 
with younger pre-retirement members of the plan. 
 
“Synthetic buy-ins” are a relatively recent development, which provide essentially the same 
economic effects as a buy-in, but without annuity contracts. They are implemented using swaps: a 
longevity swap to remove longevity risk and interest rate and inflation swaps to remove the interest 
rate and inflation risks associated with the liabilities. They can also include an asset swap or a total 
return swap which is used to reduce funding costs (Figure 8).  
 
So-called “non-insured buyouts” involve transferring pension liabilities to institutions that are not 
regulated insurance companies. This keeps the pension plan in the pension regulatory regime, rather 
than transferring it to the insurance regulatory regime. These transactions are effected by selling an 
entity containing the pension plan to another company which takes over responsibility for that plan. 
Non-insured buyouts offer the promise of being more affordable for the sponsor, but are subject to 
considerable scrutiny by regulators and plan fiduciaries. The detailed way in which these 
transactions are structured can differ significantly from case to case. They first came to prominence 
in 2007 when there were four such deals executed in the UK, as discussed below. The endgame for 
the transferred pension fund is still likely to be a full buyout with an insurance company at a later 
date. 
 
There are different ways in which an insurer or reinsurer can transfer the bundle of risks associated 
with annuity exposure. This can be done, for example, in full (analogous to pension plan buyouts) 
where the individual policies are transferred to a new insurer. 
 
Alternatively, there are partial risk transfer solutions such as “quota share” reinsurance treaties in 
which the reinsurer accepts a stated percentage of each and every risk within a defined block of 
annuities on a pro rata basis. Participation in each risk is fixed and certain. In contrast to a pension 
buy-in which transfers 100% of the risk associated with a subgroup of individuals, a quota share 
transaction transfers a percentage of the risk associated with each individual’s policy.  
 
Solutions for hedging pure longevity risk 
 
The solutions currently available for hedging pure longevity risk can be classified broadly according 
to three characteristics: 
 

 Format: insurance versus capital markets.  

 Design: customized (or indemnity) versus index (or parametric).  

 Structure of instrument: swap versus forward, among others. 
 
The “format” characteristic refers to the legal nature of the contract. Most longevity swaps executed 
so far have been in insurance format, although the first actively publicized longevity swaps were in 
capital markets format, as was the first swap with a pension plan. A mix of formats is even possible 
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in the same deal. For example, hedging with a capital markets swap and then passing that risk onto a 
reinsurer in insurance format via a transformer entity. 
 
The “design” characteristic reflects the nature of the longevity risk associated with the hedging 
instrument and can be broken down into two categories: customized and index hedges. A 
customized hedge is one in which the performance of the hedging instrument is linked to the actual 
longevity experience of the individuals associated with the exposure that is being hedged. An 
example is the actual members of a pension plan or the actual annuitants in an annuity portfolio. By 
contrast, an index hedge is one in which the performance of the hedging instrument is linked to an 
index reflecting the longevity or mortality experience of what is typically a larger pool of lives, such 
as a national population. Customized hedges have the advantage of potentially providing a nearly 
perfect hedge, whereas index hedges will generally leave an element of residual risk, called basis 
risk, because the population associated with the exposure is different from the population 
associated with the hedging instrument.  
 
Recent research has shown that when appropriately calibrated, index hedges can be 85% effective in 
reducing longevity risk (Coughlan et al., 2011). These hedges bring other advantages in terms of 
standardization, transparency, greater appeal to investors and the potential for higher liquidity. 
Index hedges are also extremely well suited to hedge the longevity risk associated with (pre-
retirement) deferred pension and deferred annuity benefits. For these individuals, longevity risk is all 
value risk not cash flow risk, and because indices reflect the longevity trend risk that is used in 
valuation and pricing, index-based hedges can provide effective hedges for this risk. Furthermore, 
pre-retirement pension members often have options in terms of taking a lump sum and the size of 
their spouse’s pension, so that the longevity risk is not well defined or easy to quantify and, as a 
consequence, a long-term customized hedge can be inappropriate and expensive. Furthermore, 
customized hedges are generally not available for deferreds, except if they are part of a pension plan 
which also has a large number of pensioners, or if they are older deferreds whose retirement is 
relatively close.  
 
Another difference between these two types of hedges is that customized hedges are generally 
designed to hedge liability cash flows, whereas index hedges are generally designed to hedge the 
liability value, i.e., the present value of the liability cash flows. Customized hedges have, however, 
been used to hedge the liability value. 
 
Labeling instruments as either customized or index hedges, however, is perhaps too simplistic an 
approach for classifying the types of instruments that are in the market. Even at this early stage of 
market development, hybrid hedges that combine some of the features of each have emerged. For 
example, hedges of pension liability value have been constructed using a specific bespoke index that 
is based on the realized mortality experience of the actual pension plan members. 
 
The actual “structure” of the hedging instrument is the third characteristic of pure longevity risk 
transactions. The most common structure used to date has been the survivor longevity swap 
(frequently abbreviated to simply “longevity swap”). This, however, is far from being the simplest 
hedging instrument. For this reason, we begin our discussion with the mortality forward, or q-
forward, instrument. 
 
Mortality forward (q-forward) 
 
A mortality forward rate contract is often referred to as a “q-forward” because the letter “q” is the 
standard actuarial symbol for mortality rates. It is the simplest type of instrument for transferring 
longevity (and mortality) risk (Coughlan et al. 2007b) and was the first type of capital markets 
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longevity hedge to be executed. This was a deal between UK pension insurer Lucida and J.P. Morgan  
and is described in the next section.  
 
The importance of q-forwards rests in the fact that they form basic building blocks from which other, 
more complex, life-related derivatives can be constructed. When appropriately designed, a portfolio 
of q-forwards can be used to replicate and to hedge the longevity exposure of an annuity or a 
pension liability, or to hedge the mortality exposure of a life assurance book. 
 
A q-forward is defined as an agreement between two parties in which they agree to exchange an 
amount proportional to the actual, realized mortality rate of a given population (or subpopulation), 
in return for an amount proportional to a fixed mortality rate that has been mutually agreed at 
inception to be payable at a future date (the maturity of the contract). In this sense, a q-forward is a 
swap that exchanges fixed mortality for the realized mortality at maturity, as illustrated in Figure 
9(a). The variable used to settle the contract is the realized mortality rate for that population in a 
future period. 
 
The fixed mortality rate at which the transaction takes place defines the “forward mortality rate” for 
the population in question. If the q-forward is fairly priced, no payment changes hands at the 
inception of the trade, but at maturity, a net payment will be made by one of the two counterparties 
(unless the fixed and actual mortality rates happen to be the same). The settlement that takes place 
at maturity is based on the net amount payable and is proportional to the difference between the 
fixed mortality rate (the transacted forward rate) and the realized reference rate. Figure 9(b) shows 
the settlement for different potential outcomes for the realized reference rate. If the reference rate 
in the reference year is below the fixed rate (i.e., lower mortality), then the settlement is positive, 
and the pension plan receives the settlement payment to offset the increase in its liability value. If, 
on the other hand, the reference rate is above the fixed rate (i.e., higher mortality), then the 
settlement is negative and the pension plan makes the settlement payment to the hedge provider, 
which will be offset by the fall in the value of its liabilities. In this way, the net liability value is 
locked-in regardless of what happens to mortality rates. The plan is protected from unexpected 
changes in mortality rates. 
 
Survivor forward (S-forward) 
 

A survivor forward or “S-forward” is similar in concept to a q-forward, but instead uses survival rates 
rather than mortality rates. It is an arrangement between two parties in which they agree to 
exchange an amount proportional to the actual, realized survival rate of a given population (or 
subpopulation), in return for an amount proportional to a fixed survival rate that has been mutually 
agreed at inception to be payable at the maturity of the contract. As such it involves the exchange of 
(i) a notional amount multiplied by a pre-agreed fixed survival rate in return for (ii) the same 
notional amount multiplied by the realized survival rate for a specified cohort over a given period of 
time (Coughlan et al., 2008b; Dawson et al., 2010).  

If the maturity of the contract is one year, then a survivor forward is the inverse of a mortality 
forward. But if the contract maturity is greater than a year, this simple relationship no longer exists, 
since survival rates over periods longer than a year are non-linear functions of the annual mortality 
rates. A survivor forward is therefore more complex than a q-forward, since it is a function of several 
mortality rates at different ages and different times. Nevertheless, it can be a useful building block in 
certain situations. 
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Longevity swaps 
 
A longevity swap can be either a capital markets derivative or an insurance contract. In either case, it 
is an instrument which involves exchanging actual pension payments for a series of pre-agreed fixed 
payments, as indicated in Figure 10 (Dowd et al., 2006). Each payment is based on an amount-
weighted survival rate. 
 
In any longevity swap, the hedger of longevity risk (e.g., a pension plan) receives from the longevity 
swap provider the actual payments it must pay to pensioners and, in return, makes a series of fixed 
payments to the hedge provider. In this way, if pensioners live longer than expected, the higher 
pension amounts that the pension plan must pay are offset by the higher payments received from 
the provider of the longevity swap. The swap therefore provides the pension plan with a long-
maturity, customized cash flow hedge of its longevity risk. Figure 11 shows an example of the flow of 
longevity swap payments, which is based on the pioneering Canada Life-J.P. Morgan transaction of 
July 2008 (Trading Risk 2008; Life & Pensions 2008).  
 
Variants on longevity swaps 
 
One variant on the standard longevity swap is the transaction executed by Aegon and Deutsche Bank 
in January 2012. This transaction was a so-called “out-of-the-money” longevity swap as it only 
transferred the longevity risk associated with a very large increase in life expectancy (or equivalently, 
a very large and sustained fall in mortality rates).  The hedger (Aegon) receives no incremental 
payment for modest increases in life expectancy until a certain threshold, or “attachment point” is 
breached. Thereafter Aegon receives payments that increase with increasing life expectancy until a 
certain maximum level of protection is achieved when life expectancy rises to a very extreme level 
(the so-called “exhaustion point”). This swap is effectively a standard longevity swap except that the 
floating payments have caps and floors on them. See Figure 12. 
 
Some of the other details of the transaction are summarized in Figure 13.  It was a 20-year index-
based swap in capital markets format, where the index corresponded to Netherlands national 
population data. Like the Aviva-RBS transaction, this swap also included a commutation payment at 
maturity designed to provide longevity protection for all liability cash flows occurring beyond the 
maturity date. 
 
Longevity bonds 
 
Since before the start of this market, there has been much talk about longevity bonds, as a means to 
hedge longevity risk. A longevity bond (or a survivor bond as it was originally called) is a bond that 
pays coupons that are proportional to the number of survivors still alive on the coupon payment 
date from a specified population cohort, say, the population of 65-year-old males alive on the issue 
date of the bond. (Blake and Burrows, 2001; Dowd, 2003; Blake et al., 2006a, 2006b). The cash flows 
of a plain vanilla longevity bond are identical to those on the floating leg of a longevity swap. 
Recently, however, longevity bonds have been proposed with different structures. Figure 14 shows 
the potential range of cash flows on a deferred longevity bond as discussed in Blake et al. (2010). 
The bond’s cash flows are indexed to the mortality experience of 65-year old males from the 
national population of the UK. There is a 10-year deferral period before payments commence and 
there is a terminal commutation payment at age 105 to cover post-105-year age longevity risk. If 
more people survive to each age than expected, then the bond will pay out more; if fewer people 
survive, the bond will pay out less (similar to the floating leg of the RBS-Aviva longevity swap). 
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Despite several attempts, no pure longevity bond has yet been issued.  The Swiss Re Kortis bond 
which we shall discuss in more detail later was not a true longevity bond, because it involved 
transferring the risk associated with the spread between the longevity trends for two different 
groups of individuals, rather than the trend itself. Perhaps the most well known bond not to be 
issued was the EIB-BNP Paribas longevity bond (Azzopardi 2005) that was announced with much 
fanfare in 2004. It was unsuccessful for several reasons connected with its structure and the lack of 
education of its target market (Blake et al. 2006a).  
 
In 2006, the World Bank engaged the insurance regulator in Chile, the Superintendencia de Valores y 
Seguros (SVS), on longevity hedging (Zelenko, 2011). The SVS showed a willingness to promote 
longevity risk management and to provide explicit regulatory capital relief to insurers who hedged 
the risk. An initial feasibility project was then conducted with the involvement of BNP Paribas in 
2008, but the effort stalled due to the high cost of the proposed World Bank-issued longevity bond 
structure. Then the World Bank turned to the J.P. Morgan longevity team in 2009, who developed a 
more cost effective 25-year maturity longevity bond structure that was designed to provide an 
effective hedge, with minimal basis risk, for all Chilean insurers . The longevity bond was to be issued 
out of a collateralized SPV, with Munich Re providing the longevity hedge to the entity and J.P. 
Morgan managing the cash flow mismatch between the various payment streams (Coughlan, 2009; 
Life & Pension Risk, 2010). 
 
This bond, like the others before it, faced a number of obstacles and was not successful. Some of the 
most significant included: 

 The separation between the investment and actuarial departments at Chilean insurers 
meant that there was no clear focus for decision-making responsibility. 

 The insurers perception of longevity risk was that it was not significant and, therefore, not in 
need of hedging. As a result they regarded the cost as relatively high, despite the capital 
relief, and despite the return on the bond being above government yields. 

 Basis risk was perceived as slightly too high, despite being minimized by indexing the bond 
to the universe of actual annuitants. 

 
The potential role of governments in issuing longevity bonds 
 
In principle, longevity bonds could be issued by private-sector organizations. Some argue that 
pharmaceutical companies would be natural issuers, since the longer people live, the more they will 
spend on medicines.6  While the theory may be correct, the scale of the demand for longevity bonds 
far exceeds conceivable supply from such companies.  Further, significant credit risk would be 
associated with the private-sector issuance of an instrument intended to hedge an aggregate risk 
many years into the future.  
 
Recently there have been calls for governments to issue longevity bonds in order to help catalyze 
the longevity market by providing a visible and transparent longevity pricing point (Blake and 
Burrows, 2001; Blake et al. 2010). The government may be better able to issue longevity bonds in 
the required volume and also has an interest in promoting an efficient and well-functioning annuity 
market, safeguarding the solvency of insurance companies, and facilitating the efficient spreading of 
longevity risk via the development of a capital market in longevity risk transfers. The International 
Monetary Fund has recognized government involvement in a longevity bond market as potentially 
useful, as have the authors of an OECD working paper and the World Economic Forum.7   
 

                                                           
6
 See Dowd (2003). 

7
 International Monetary Fund (2012); Antolin and Blommestein (2007); and World Economic Forum (2009). 



  
Page 15 

 
  

  

Although the government would play a key role in getting the market started, eventually its role 
could be limited to providing only tail risk protection.  That is, once the market for longevity bonds 
has matured, in the sense of producing stable and reliable price points in the age range 65-90, the 
capital markets could take over responsibility for providing the necessary hedging capacity in this 
age range, in the form of, say, longevity swaps.  All that might then be needed would be for the 
government to provide a continuous supply of deferred tail longevity bonds with payments starting 
at, say, age 90.8  Figure 15 illustrates the cash flows on such a bond.  These bonds would allow for 
full hedging of longevity risk and also permit potential longevity investors to avoid assuming long-
duration tail longevity risk, a risk for which they have no appetite. 
 
Some contend that the government is not a natural issuer of longevity bonds because of its large 
existing exposure to longevity risk through the social security system and pensions for public 
employees.  Here several considerations may be relevant.  First, the government would receive a 
longevity risk premium from issuing the bonds, that is, the price at which the government will be 
able to sell the bond would exceed the expected present value of the coupons payable on the bond, 
discounted by the interest rate on government securities of comparable maturities; the reason is 
that insurance companies holding longevity bonds would need to hold less capital against the risk of 
mortality improvements being more rapid than expected.   Second, the government could control 
the ultimate cost of the pensions by increasing the official retirement age should longevity increase 
dramatically.9  Third, the issuance of longevity bonds should result in a more efficient annuity market 
and hence higher incomes in retirement, perhaps reducing the need for means-tested retirement 
benefits.  Fourth, the benefits to government finances would start to accrue immediately, whereas 
the tail risk protection provided by deferred tail longevity bonds would only start to be payable 25 
years in the future when the first insured cohort turns 90.  Finally, one could argue that the risk is 
consistent with the government’s role of facilitating intergenerational risk sharing.  However, the 
reception from governments in several different countries has at best been luke warm so far. 
 
Figure 4: Value of publicly announced transactions in selected segments of the life market, 2001-11 
 

Value of announced transactions in selected segments of the life market (US $ billions)

Source: Sanford Bernstein, ABI, Mercer OliverWyman, J.P. Morgan, Life Settlement Solutions, Inc., Fasano Associates, Swiss Re Capital Markets, Aite 

Group, Hymans Robertson, Artimis, J.P. Morgan
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8
 Pension plans and annuity providers might still be willing to invest in government-issued longevity bonds 

covering the age range 65-90 if they are competitively priced compared with capital market hedges. 
9
 Governments throughout the world are beginning to do this in any case and will have to continue doing so if 

longevity continues to improve. 
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Figure 5: The longevity risk transfer market. 
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Figure 6:  The impact of a buyout on a DB pension plan. Note that the pension assets and liability are 

removed from the sponsor’s balance sheet.  
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Figure 7:  The impact of a pensioner buy-in on a DB pension plan. Note that the buy-in liabilities and 
by-in assets remains on the sponsor’s balance sheet. 
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Figure 8:  A synthetic buy-in for a DB pension plan. 
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Figure 9: A q-forward involves (a) the exchange of cash flows at maturity,  
leading to a payout (b) that increases as realized mortality rates fall. 

 

Pension

Plan

Hedge 

Provider

Amount

x realized mortality rate

Amount 

x fixed mortality rate

(a) Exchange of payments at maturity

N
e
t 

p
a
y
m

e
n
t

to
 p

e
n
si

o
n
 p

la
n

Realized 

mortality rate

Fixed “forward” 

mortality rate

Lower realized mortality 

results in a payout to offset 
the increase in liabilities

(b) Net payment at maturity varies with realized mortality rate

 
 



  
Page 19 

 
  

  

Figure 10: A longevity survivor swap involves the regular exchange of  
actual realized pension cash flows and pre-agreed fixed cash flows. 
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Figure 11: The longevity survivor swap transaction between Canada Life  
and J.P. Morgan in July 2008. 
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Figure 12: Deutsche Bank-AEGON out-of-the-money longevity swap involves regular payments and a 
final commutation payment at maturity 
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Figure 13: Deutsche Bank-AEGON out-of-the-money longevity swap provides protection only if life 
expectancy increases beyond a certain level. 
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Figure 14: A deferred longevity bond for a cohort of 65-year-old males. Bond payable from age 75 
with a terminal payment at age 105 to cover post-105 longevity risk. 
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Figure 15: A deferred tail longevity bond for a cohort of 65-year-old males. Bond payable from age 
90 with a terminal payment at age 105 to cover post-105 longevity risk. 
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IV. Evolution of the longevity market 
 
The birth of the longevity market 
 
Although transactions of the type listed above have been around for some time, we consider 2006 to 
mark the birth of the longevity market as we know it. The start of the market can be traced back to 
the establishment and authorization of Paternoster, a new monoline insurer set up specifically to 
acquire UK DB pension plans. Prior to this time, the buyout market in the UK comprised pension 
plans that were being wound up, often due to the insolvency of the sponsor. The market was 
characterized by a large number of small transactions typically totaling £1.5 – 2 billion a year, 
virtually all provided by two UK insurers: Legal & General and Prudential PLC (UK).10 
 
Paternoster received regulatory authorization from the Financial Services Authority (FSA)11 in June of 
2006 and was followed by the launch of a number of similar specialist insurers including Pension 
Insurance Corporation, Synesis (which was later acquired by Pension Insurance Corporation) and 
Lucida, all of which were backed by investment banks and private equity investors. In February 2007, 
Goldman Sachs established its own pension insurer, Rothesay Life.12 These new entrants shook up 
what was a very sleepy and low-volume market for pension buyouts, eventually galvanizing a 
number of mainstream life insurers and reinsurers from the UK and elsewhere to enter the UK 
longevity market and sharpen their tools.  
 
Paternoster conducted its first pension buyout in November 2006 of the Cuthbert Heath Family Plan, 
a small plan with just 33 pensioners. It went on to dominate the buyout market in 2007 winning a 
50% share of the £2.94 billion transacted from 21 deals. Legal & General, the long-standing 
incumbent, achieved 40% of the market, but from 162 deals.  An important transaction milestone in 
this new market took place in January 2007 when the first deal over £100 million (a pensioner buy-
in) was completed for Hunting PLC, an energy services provider to oil and gas companies. By the end 
of that year, the market had begun to take off, with seven deals over £100 million closed and nearly 
£2 billion of transactions completed in the fourth quarter alone.  
 
The following year, 2008, saw tremendous growth with buyout/buy-in volumes rising from £2.9 
billion to £7.9 billion, with Legal & General and Pension Insurance Corporation dominating the 
market, accounting for a 46% market share between them. Prudential PLC (UK) won its first sizable 
deal in September with a £1.05 billion collateralized buy-in for Cable & Wireless. But it was a smaller 
transaction, the £360 million pensioner buy-in executed by Friends Provident with Aviva, which was 
the first insurance deal to include a collateral arrangement. Rothesay Life also won its first deal 
during the year with a £700 million buyout of the Rank pension plan. It was reported that Rothesay 
beat off competition from more than 10 other providers, including insurers such as Legal & General, 
Prudential, Paternoster and Synesis Life, as well as other investment banks offering longevity swap 
solutions. In November, another newcomer, US insurer MetLife, closed its first transaction, worth 
£130 million, with Vivendi. 
 
In 2009, Pension Insurance Corporation eclipsed Legal & General to become the leading buyout/buy-
in provider by volume, but overall volumes were down over 50% at just £3.7 billion. Following the 
Lehman Brothers collapse in September of the previous year, the established UK insurers had limited 
appetite for taking on risk, preferring to focus on capital management and cash generation. As a 

                                                           
10

 Not to be confused with the US insurer of the same name. 
11

 The FSA has now been replaced by the Financial Conduct Authority and the Prudential Regulation Authority. 
12

  Paternoster was itself acquired by Rothesay Life in January 2011. 
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result, the newer entrants, such as Lucida, MetLife and Rothesay Life, were able to increase market 
share. This year also saw the first pension plans implementing longevity swaps to hedge longevity 
risk. We defer our discussion of the longevity swap segment of the market until a little later, but it is 
significant to note that between June and December five different plans (three of them with the 
same sponsor) put on longevity swaps totaling £4.1 billion. So the overall volume of longevity risk 
transferred out of pension plans totaled £7.8 billion for the year. 
 
By the end of 2010, nearly £30 billion of longevity transactions of various types (buyouts, buy-ins and 
longevity swaps) had been completed in the UK since 2006. The total volume transacted in 2010 was 
£8.3 billion which was a modest increase on 2009. The 2010 figure was dominated by three large 
transactions: British Airways £1.3 billion synthetic buy-in, GlaxoSmithKline’s £900 million buy-in and 
BMW (UK)’s £3 billion longevity swap. Rothesay Life had also now taken the lead position in terms of 
market share. 
 
Up to the end of the third quarter of 2011, total buyout/buy-in volumes stood at £2.1 billion and 
longevity swap volumes at £1.8 billion. Since then, the Turner & Newall (T&N) Retirements Benefit 
Scheme completed the largest UK buyout to date, a £1.1 billion deal with Legal & General (Jones, 
2011). T&N was a subsidiary of bankrupt US vehicle component manufacturer Federal Mogul, and 
the deal leaves members with reduced pensions. The transaction was structured initially as a buy-in 
with the insurance policy held as an asset of the plan, but will be converted to a buyout once the 
plan is wound up. Then the final two months of the year saw a £3 billion longevity swap completed 
by the Rolls-Royce Pension Fund, a second £1.3 billion longevity swap by British Airways, and a £1 
billion longevity swap by Pilkington. This brought the total volume of longevity risk transfer to over 
£11 billion for the year. 
 
Non-insured buyouts 
 
In 2007, the UK market witnessed the execution of the first “non-insured” buyouts.  It is notable that 
one of these transactions was executed by an investment bank, Citigroup, which acquired the closed 
pension plan of Thomson Regional Newspapers in August 2007, by buying the sponsoring company 
for £200 million. That same year, another US investment bank, J.P. Morgan, filed a Private Letter 
Ruling on a new approach to non-insured pension risk transfers with the US tax authorities.  
 
Pension Corporation (the parent of Pension Insurance Corporation) was behind the other three deals 
to close in 2007. They were all in different industrial sectors: Thorn (engineering), Thresher (retail) 
and Telent (communications). The Thorn acquisition was completed in June 2007 and then some 18 
months later in December 2008, Pension Insurance Corporation (PIC) effected a full insurance-based 
pension buyout that valued the liabilities at £1.1 billion. 
 
Non-insured buyouts are not generally included in market size figures. 
 
Longevity swaps 
 
At the same time as Paternoster and the other monoline insurers were getting organized, several 
investment banks began making plans to enter the market. Over the course of the next couple of 
years, two investment banks – J.P. Morgan and RBS – established themselves as pioneers and 
innovators in the market place, each developing and executing highly-innovative longevity risk 
transfer transactions. These transactions were the first capital markets longevity swaps and served 
as the prototypes for all the longevity swaps that have followed.  
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Both the birth of the longevity swap market and the birth of capital market solutions for longevity 
risk can be traced back to these deals. Although a number of longevity swap transactions took place 
as early as the 1990s, these deals were private, non-publicized insurance transactions and not part 
of a concerted effort to develop a longevity market. It was not until 2008, when momentum to 
establish the market began to build across the insurance and banking industries, that we saw the 
first such transactions announced publicly and the disclosure of many of their key details. It was 
these transactions that truly launched the market for longevity swaps. 
 
The first such swap was a longevity hedge executed as a derivative in capital markets format by 
Lucida PLC, a pension buy-out insurer, in January 2008 (Lucida, 2008; Symmons, 2008). The 
instrument was a q-forward linked to a longevity index based on England & Wales national male 
mortality for a range of different ages.13 The hedge was provided by J.P. Morgan and was novel not 
just because it involved a longevity index and a new kind of product, but also because it was 
designed as a hedge of value rather than a hedge of cash flow. In other words, it hedged the value of 
the annuity liability, not the actual annuity payments. 
 
Following swiftly on the heels of this deal, J.P. Morgan recorded a second publicly announced 
transaction in July 2008, this time with Canada Life in the UK (Trading Risk, 2008; Life & Pensions, 
2008). The hedging instrument in this transaction was different from that used by Lucida. It was a 
40-year maturity £500 million longevity swap that was linked not to an index, but to the actual 
mortality experience of the 125,000-plus annuitants in the annuity portfolio that was being hedged. 
It also differed in being a cash-flow hedge of longevity risk. But most significantly, this transaction 
brought capital markets investors into the longevity market for the very first time, as the longevity 
risk was passed from Canada Life to J.P. Morgan and then directly on to investors (see Figure 11). 
This has become the archetypal longevity swap upon which other transactions are based. 
 
The third capital markets longevity swap to be completed was a hybrid of the first two, involving a 
hedge of both cash flow and value. It was a £475 million hedge provided in March 2009 by RBS for 
UK insurer Aviva, based on the actual mortality experience of annuitants. The longevity risk was also 
syndicated to a group of capital markets investors, but in this case with a reinsurer – Partner Re – 
playing the role of lead investor (Towers Perrin, 2009; Trading Risk, 2010). 
 
June 2009 saw the execution of the first longevity swap implemented by a UK pension plan. Babcock 
International implemented a series of customized longevity swaps totaling some £1.2 billion to 
hedge the longevity risk in its three UK pension plans. These were capital markets swaps transacted 
with Credit Suisse. Although the structure of the swap was not new, being essentially the same as 
that of the Canada Life-J.P. Morgan swap, it was significant in that it demonstrated the practical 
relevance of longevity swaps for pension plans. 
 
Continued product innovation soon blurred the distinction between longevity swaps and pension 
buy-ins. An example of this is a synthetic buy-in. The first synthetic buy-in was transacted in July 
2009 by the pension plan of RSA Insurance Group. This was essentially an asset-swap-funded 
longevity swap executed in insurance format with Rothesay Life which also incorporated hedges of 
inflation risk and interest rate risk. An important component in this £1.9 billion transaction was a 
total return swap (TRS) – of UK government securities (gilts) for higher-yielding government-backed 
Network Rail bonds – whose cash flows were used to fund the longevity swap. The key to the 
successful completion of this synthetic buy-in was the effective combination of insurance and capital 
markets capabilities across Rothesay Life and its parent, Goldman Sachs (Tsentas, 2011). 
 

                                                           
13

 The index used was the LifeMetrics Index which is discussed later in the chapter. 
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December of the same year marked another milestone when the Royal County of Berkshire Pension 
Fund implemented the first longevity swap by a public sector pension plan. This £750 million swap 
covered 43% of the pension liabilities and was provided by Swiss Re in insurance format. 
 
Another insurance-based longevity swap followed shortly afterwards in February 2010, when BMW 
(UK) transacted with Deutsche Bank’s insurance subsidiary, Abbey Life (Stewart 2010). This time the 
swap was enormous, protecting nearly £3 billion of pension liabilities corresponding to some 60,000 
pensioners, comprising both retirees and contingent pensions for spouses and dependants. In this 
transaction, Abbey Life also drew on the structuring expertise and longevity modeling experience of 
Paternoster, which at the time was also partly-owned by Deutsche Bank. 
 
Then, in January 2011, the Pall (UK) Pension Fund completed an index hedge of the longevity risk 
associated with the deferred (i.e., pre-retirement) members of the plan (Davies, 2011; Mercer, 
2011). Despite being just £70 million in size, this hedge was significant in two respects. It was the 
first hedge of the longevity risk of younger pre-retirement members and the first hedge by a pension 
plan to use a longevity index. It was transacted with J.P. Morgan and involved a portfolio of q-
forwards linked to a longevity index of national male mortality rates for England & Wales,14 
calibrated to hedge the value of the deferred pensioner liability over a 10-year horizon. 
 
August 2011 saw ITV PLC, a UK media company, announce the completion of a capital markets 
longevity swap between the ITV Pension Scheme and Credit Suisse (ITV 2011; Pensions World 2011). 
The £1.7 billion swap hedges the longevity risk associates with 12,000 pensioners (retirees and their 
dependants). In November 2011, Rolls-Royce announced an even larger £3 billion longevity swap 
that it transacted with Deutsche Bank to cover the longevity risk of the 37,000 pensioners in its DB 
pension plan (Stapleton, 2011; Deutsche Bank, 2011). Then in December, British Airways announced 
a second synthetic buy-in involving £1.3 billion of liabilities, provided by Rothesay Life (Artemis, 
2011). 
 
Transactions between insurers and reinsurers 
 
Most of the attention in the longevity market has been focused on transactions – buyouts, buy-ins 
and longevity swaps – executed by pension plans. The pension consulting community, in particular, 
have largely ignored a sizable and important segment of the market, namely, that between different 
players in the insurance industry. Surprisingly, even the Longevity Chief Risk Officers (CRO) Briefing 
published by the CRO Forum in November 2010 focused almost exclusively on the pension segment. 
The insurance segment, however, is important because it deals with transactions between 
counterparties for which longevity is their business and a core skill. It also currently provides the vast 
majority of risk-bearing capacity to the market through reinsurance transactions and is instrumental 
in determining the availability of hedges to pension plans and their pricing. 
 
Transfer of longevity risk between insurers is one part of this market segment. For example, in 
February 2007 Equitable Life completed the transfer of £4.6 billion of non-profit UK pension 
annuities to Canada Life. Announced in May 2006, this deal was not completed until approval was 
obtained from the UK High Court to transfer the 130,000 individual policies to the new insurer. This 
was the same portfolio that Canada Life subsequently partially hedged with the capital markets 
longevity swap it executed with J.P. Morgan in July 2008. This latter deal reflects a second part of 
this market segment involving transactions between insurers and capital markets participants. Other 
examples of this include the J.P. Morgan-Lucida and RBS-Aviva longevity swaps and the Kortis bond 
issued by Swiss Re in 2010. 
 

                                                           
14

 The index used was again the LifeMetrics Index. 
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It is worth commenting further on the Swiss Re Kortis bond as it was the first successful 
securitization of longevity risk (Mortimer 2010). The bond is a small $50 million BB+ rated issue 
maturing in 2017 and bought by capital markets investors. It provides cover to Swiss Re in the event 
that there is a divergence in mortality improvements between males aged 75-85 in England & Wales 
and males aged 55-65 in the US, since Swiss Re has reinsured annuity business in the UK and life 
business in the US. So it really transfers the risk associated with the spread between longevity trends 
for different populations, rather than true longevity risk. Nonetheless, it has still been hailed as a 
highly innovative transaction and was awarded the 2011 Structured Finance Deal of the Year by the 
Banker publication. 
 
The other part of this segment involves reinsurance, whereby an insurer transfers part or all of its 
longevity risk to a reinsurer. An early example of this was the £1.7 billion transaction that Friends 
Provident signed with Swiss Re in April 2007. This deal was an insurance-based longevity swap which 
included a transfer of assets and was based on 78,000 pension annuity contracts written between 
July 2001 and December 2006. This was not the first insurance-based longevity swap executed, but 
some details about it, albeit very sketchy, started appearing in the market at a crucial time in its 
development. To this day, little is known about the structure of this deal, which was not subject to 
the same disclosure, publicity and transparency of the other longevity swaps we have discussed. As a 
result, its impact on the development of the market was minimal. 
 
There are currently several reinsurers providing capacity to the UK longevity market, including 
Pacific Life Re, RGA, Swiss Re, Munich Re, Partner Re, SCOR and Hannover Re. Reinsurers are 
currently the end holders of a large proportion of the risk that insurers and investment banks take 
on in providing longevity swaps and buyout/buy-in solutions to pension plans. By way of example, 
for the massive £3 billion BMW longevity swap, Abbey Life had lined up a syndicate of reinsurers 
including Pacific Life Re, Hannover Re and Partner Re to immediately pass on part of the risk. In May 
2011, Prudential (US) entered the UK market as a longevity reinsurer, providing £100 million of 
reinsurance to Rothesay Life. It has quickly emerged as a credible reinsurance competitor 
participating in three deals in a very short time.  
 
Looking beyond the UK 
 
The UK has led the way in the longevity derisking of pension plans, but certain other countries are 
showing some progress in this direction, in particular the US, Canada, the Netherlands and Australia.  
 
The US and Canada have fledgling buyout markets, but the level of awareness of, or concern about, 
longevity risk in the industry is still minimal. However, each of these markets received a boost in 
2011. In May, Prudential (US) announced a $75 million buy-in – the first of its kind – that it provided 
to the pension plan of Hickory Springs Manufacturing Company. Second, also in May 2011, a new 
regulation was approved by the Ontario government to allow the members of Nortel’s pension plan 
to participate in Canada’s first pension buyout (Pichardo-Allison, 2011). Nortel had been Canada’s 
biggest company and had filed for bankruptcy in 2009, leaving its underfunded C$2.5 billion pension 
plan without a viable sponsor. This new kind of buyout for Canada was dubbed the “Financial 
Sponsorship Model”, although it is effectively just an insured pension plan buyout. It required new 
legislation because, up until that time, Ontario law had required pension funds that were wound-up 
to be annuitized, and the annuity market in Canada is not developed enough to take on a plan of this 
size. More recently, in 2012 Sun Life of Canada announced a $20 million buy-in for a Canadian DB 
pension plan. 
 
In June 2012 General Motors Co. (GM) announced a huge deal to transfer up to $26 billion of 
pension obligations to the Prudential  (US) (General Motors, 2012). This is by far the largest ever 
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longevity risk transfer deal globally. The transaction is effectively a partial pension buyout  involving 
the purchase of a group annuity contract for GM’s salaried retirees who retired before December 1, 
2011 and refuse a lump sum offer in 2012. To the extent retirees accept a lump sum payment in lieu 
of future pension payments, the longevity risk is transferred directly to the retiree.15 The deal is a 
“partial buyout” rather than a buy-in because it involves settlement of the obligation. In other 
words, the portion of the liabilities associated with the annuity contract will no longer be GM’s 
obligation. Moreover, in contrast to a buy-in, the annuity contract will not be an asset of the pension 
plan, but instead an asset of the retirees.  
 
Pension buyouts have been a feature of the industry in the Netherlands for a number of years, but 
have been typically small in size, EUR20 – 50 million. In November 2009, the Hero pension plan 
implemented the first buy-in in the Netherlands, a EUR44 million deal with Dutch insurer, AEGON. 
The pension plan was looking to execute a buyout, but being just 100% funded on a buyout basis 
was concerned that market volatility might push the buyout out of reach before the necessary 
consent from participants and the regulator could be obtained (AEGON, 2010). The buy-in ensured 
that the funding level was locked-in and provided time to get these approvals. Then the buyout 
followed in early 2010. AEGON also closed a larger buyout in early 2011, with a EUR270 million deal 
for the Nutreco pension plan (Cobley, 2010). 
 
Then in February 2012, Deutsche Bank executed a massive EUR12 billion index-based longevity 
solution for AEGON in the Netherlands (Deutsche Bank, 2012).  As described in Section III, this 
solution was based on Dutch population data and enabled AEGON to hedge the liabilities associated 
with a portion of its annuity book. Because the swap is out of the money, the amount of longevity 
risk actually transferred is far less than that suggested by the EUR 12 billion notional amount. 
Nonetheless the key driver for this transaction from AEGON’s point of view was the reduction in 
economic capital it achieved. It is understood that most of the risk was intended to be passed to 
investors in the form of private bonds and swaps.  This was the first such deal executed in 
continental Europe, but contrary to what was claimed in the press release, it was not the first 
longevity transaction to target directly the capital markets. That first was achieved by J.P. Morgan 
four years earlier in 2008. 
 
While Australia does not boast a large defined benefit pension market for which longevity risk is a 
huge concern, it has nonetheless seen two longevity swap hedges executed by local insurers (Swiss 
Re, 2010). Swiss Re provided these insurance-based swaps to hedge the longevity risk associated 
with the insurers’ lifetime annuity portfolios by transferring longevity risk via a reinsurance treaty. 
Under the treaty, each insurer pays a stream of regular fixed premium amounts and receives a 
stream of regular floating annuity benefits. The two Australian insurance companies involved have 
wished to remain anonymous. 
 
The Life and Longevity Markets Association  
 
In February 2010, a group of insurers and investment banks launched a new trade association to 
promote the trading of longevity risk as an asset class. Called the Life and Longevity Markets 
Association (LLMA),16 its objectives included the development of standards, templates and 
methodologies to facilitate the development of the market. It was started with 8 members and has 
since growth to 12. The current members are Aviva, AXA, Deutsche Bank, J.P. Morgan, Legal & 
General, Morgan Stanley, Munich Re, Pension Corporation, Prudential PLC (UK), RBS, Swiss Re and 
UBS. Over the course of 2010, LLMA released publications on longevity index design, product 
definitions and a pricing framework.   

                                                           
15

 In fact, the lump sum is only being offered to limited cohorts of plan members. 
16

 See  www.llma.org 
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 V Framework for longevity hedging 
 
Introduction 
 
Hedges that do not provide full indemnification of longevity risk leave the hedger exposed to a 
residual basis risk, which must be measured and monitored. This has become essential with the 
advent of new types of longevity hedges, for example, those based on longevity indices, those 
designed to hedge value rather than cash flow, and those for which certain elements of the risk are 
excluded or simplified (e.g., hedges that exclude the longevity risk associated with spouses). Basis 
risk and hedge effectiveness in relation to longevity risk transfer has been modelled by several 
authors, including Coughlan et al. (2007a), Plat (2009), Li and Hardy (2011) and Coughlan et al. 
(2011). 
 
In this section, we summarize the framework for evaluating longevity basis risk and assessing hedge 
effectiveness recently published by Coughlan et al. (2011) and apply it to a case study involving a US 
pension plan that implements an index-based longevity hedge.  
 
Hedge effectiveness framework 
 
In any hedging situation, it is essential to understand and monitor the effectiveness of the hedge and 
the nature of any residual risk that is not fully offset by the hedging instrument. Longevity hedging is 
no exception. But because of the long-term nature and complexities associated with longevity risk, it 
is not straightforward to accurately assess hedge effectiveness. The study by Coughlan et al. (2011) 
sets out a non-prescriptive, model-independent framework that focuses on the hedging objectives 
and the nature of the risk that is being hedged to develop a methodology that is appropriate. The 
full description of the framework can be found in Coughlan et al. (2011), but Table 2 provides a 
summary of the five key steps. Note that this framework has been tailored specifically to longevity 
risk and is based on a more general hedge effectiveness framework developed by Coughlan et al. 
(2004). 
 
A necessary prerequisite for implementing these steps is a thorough understanding of the nature of 
the longevity exposure that is being hedged and the nature of the basis risk between that and the 
hedging instrument.  
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Table 2: Framework for assessing hedge effectiveness 
 

Step 1 Define hedging objectives 

 Metric 

 Hedge horizon 

 Risk to be hedged (full or partial) 

Step 2 Select hedging instrument 

 Structure hedge 

 Calibrate hedge ratio 

Step 3 Select method for hedge effectiveness assessment 

 Retrospective vs. prospective test 

 Basis for comparison (comparing hedged and 
unhedged performance, valuation model, etc.) 

 Risk metric 

 Simulation model to be used 

Step 4 Calculate the effectiveness of hedge 

 Simulation of mortality rates for both populations 

 Evaluation of effectiveness based on the 
simulations 

Step 5 Interpret the effectiveness results 
 

 
 
Case Study: Longevity hedging of a US pension plan 
 
To illustrate this framework we now apply it to a case study involving an index-based longevity 
hedge of a hypothetical US pension plan. The case study has two components: 

 Empirical analysis of basis risk between the longevity risk of the pension plan and that 
associated with the hedging instrument. 

 Evaluation of the effectiveness of a longevity hedge based on a longevity index for the US 
national population. 

 
This case study builds on a similar UK case study that gave very similar results (Coughlan et al., 
2011). 
 
We assume that the pension plan in this case study has the same mortality experience as the 
population of the state of California. This mortality experience differs from that of the US national 
population and gives rise to longevity basis risk and a degree of hedge effectiveness. In 2008, 
California boasted a population of 36.8 million, representing 12% of the US national population and a 
GDP per capita of 11% above the national average,17 reflecting a higher level of affluence than the 
nation as a whole. This greater affluence is reflected in historically observed lower mortality rates 
and higher mortality improvements.  Note that this population is far larger than any DB pension plan 
and the mortality data will have much less noise. In this respect it is not representative of a typical 
DB plan. 
 
The data cover the 25-year period 1980-2004 and are sourced from the Centers for Disease Control 
and Prevention (CDC) and the National Census Bureau. 
 
Basis risk between the two populations 

                                                           
17

  US Census Bureau and US Bureau of Economic Analysis, 2008 figures. 
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Figure 16 shows a graphical comparison of male graduated mortality rates for California and the US 
national population. Note the difference in the level of mortality rates: California mortality is lower 
than national mortality. What is also evident is that the long-term downward trends are similar, 
suggesting that there might be a long-term relationship between the mortality rates of the two 
populations. The observed improvements in mortality are evolving similarly and not diverging. 
 
Table 3 compares the average levels of mortality rates for the two populations, showing that 
California mortality in 2004 averaged 88% of national mortality, having fallen from 92% in 1980. 
Over the period 1980-2004, observed mortality improvements (Table 4) have averaged 1.65% p.a. 
for California males, compared with 1.48% p.a. for the national population. Furthermore, it is 
interesting to note that the younger pre-retirement ages have experienced lower improvements 
than the older post-retirement ages. 
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Figure 16: A comparison of male mortality rates for California and the US national populations, (a) 

Spot mortality curves for 2004, (b) Historical evolution of graduated mortality rates for 65-year-old 

males, 1980-2004. 

 
 
 

Table 3: California male mortality rates as a percentage of US national male mortality rates, 
averaged over age. 

Ratio of mortality rates  
(California/US national) 

1980 2004 

Overall: 40-89 92% 88% 
Younger: 40-64 90% 87% 
Older: 65-89 94% 89% 

 
 

Table 4: Annualized male mortality improvements for the US national and California populations, 
averaged over age groups, 1980-2004. 

Mortality improvements  
1980-2004  

National 
(% p.a.) 

California 
(% p.a.) 

Difference 
(percentage 

points) 

Overall: 40-89 1.48 1.65 0.17 
Younger: 40-64 1.44 1.57 0.13 
Older: 65-89 1.51 1.73 0.22 

 
 
We now examine correlations. Table 5 lists the aggregate correlations for changes in mortality rates 
over different horizons calculated from individual ages. Note that these aggregate correlations in 
year-on-year changes based on individual ages are quite small, just 40-50%, but they increase with 
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the length of the time horizon. Correlations are around 65-85% for a 5-year horizon and up to 97% 
for a 10-year horizon.18  
 
Using 10-year age buckets rather than individual ages leads to higher correlations for one-year and 
10-year horizons of 51-54% and 94-99%, respectively, as shown in Table 6. We should note that for 
long horizons and bucketed ages, there is a limited number of data points, and the correlation 
results should be considered as indicative only. However, taken together with the results of the 
other analyses below, they support the existence of a strong long-term relationship between the 
mortality experience of the two populations. 
 
 

Table 5: Aggregate correlations of changes in male mortality rates for individual ages between the 
California and US national populations, 1980-2004. 

Individual ages Correlation between 
absolute changes in 

mortality rates 

Correlation between 
improvement rates (relative 

changes) 

 Individual 
ages: 40-89 

Individual 
ages: 50-89 

Individual 
ages: 40-89 

Individual 
ages: 50-89 

10-year horizon 97% 97% 66% 91% 
5-year horizon 68% 65% 83% 77% 
1-year horizon 41% 41% 52% 41% 
Note: Correlations are calculated across time (using non-overlapping periods) and across individual ages 
(without any age bucketing), using graduated mortality rates.  

 
 
Table 6: Aggregate correlations of changes in male mortality rates for 10-year age buckets between 

the California and US national populations, 1980-2004. 

Age buckets: 
50-59, 60-69, 70-79, 
80-89 

Correlation between 
absolute changes in mortality 

rates 

Correlation between 
improvement rates (relative 

changes) 

10-year horizon 99% 94% 
5-year horizon 60% 77% 
1-year horizon 54% 51% 
Note: Correlations are calculated across time (using non-overlapping periods) and across 10-year age 
buckets, using graduated mortality rates. 

 
 
Having examined mortality rates and mortality improvements, we now consider a different metric: 
cohort survival rates (i.e., survival rates calculated from actual mortality data for the cohort). Figure 
17(a) shows the evolution of 10-year cohort survival rates for the two populations for 65-year-old 
males over the period 1989-2004.  Survival rates for both populations have been increasing over 
time but, more importantly, the ratio between survival rates has been more or less constant over 
time, except at very high ages, as shown in Figure 17(b).  
 
The latter chart suggests a relatively stable long-term relationship between the survival rates of the 
two populations, with the ratio of California to national survival rates greater than unity for all ages 
and increasing with age. The average cohort survival ratios over the period are listed in Table 7 and 
are all close to unity, with Californian males aged 80 experiencing only a 9% higher survival rate to 
age 90 than the nation overall. 

                                                           
18

 Note the lowish result of just 66% for the correlation of relative changes for ages 40-89 over a 10-year horizon. This 
seems to be the result of noise, as the correlation rises to 87% over the slightly wider age range 35-89. 
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Figure 17: Historical 10-year male survival rates for California and the US national populations based 
on data over the period 1980-2004: (a) Historical evolution of 10-year cohort survival rates for males 
reaching 65 in different years between 1989 and 2004, (b) Ratio of the 10-year cohort survival rates 
for California to the 10-year survival rate for the US national population for males reaching various 

ages in different years between 1989 and 2004. 

  
 
 

Table 7: Key statistics on the male survival ratio between California and US national male 
populations. The survival ratio is defined as the 10-year survival rate for California to the 10-year 

survival rate for the national population over the period 1989-2004. 

10-year Survival Ratio  
(California / National) Age 45 Age 55 Age 65 Age 75 Age 80 

Average survival ratio 1.00 1.01 1.04 1.07 1.09 
Standard deviation 0.001 0.002 0.002 0.014 0.018 
Coeff of variation (std dev / average) 0.1% 0.2% 0.2% 1.3% 1.7% 
Worst case (max / average) 0.2% 0.4% 0.3% 2.0% 3.5% 
Notes: Survival rates are calculated for each age cohort using graduated mortality rates. The quoted age represents 
the age at the start of the 10-year period. 

 
 
We now turn to another metric: period life expectancy (i.e., life expectancy calculated from the 
mortality data for a particular year, without any assumed improvements in mortality rates). From 
1980 to 2004, period life expectancy increased significantly for both populations at all ages. Figures 
18 and 19 show that the California data exhibit both higher and greater increases in period life 
expectancy than the national data. Despite this, the ratio of life expectancies has been relatively 
constant as shown in Figure 18(b).  In particular, the ratio of California to US national life 
expectancies have, over the 25-year period, averaged 1.03 at age 45, 1.05 at age 65, 1.05 at age 75 
and 1.05 at age 80. Moreover, as Figure 19(b) shows, the percentage increases in life expectancies 
have been very similar, only beginning to diverge above age 75, which again might be due to 
assumptions about the mortality rates at higher ages. 
 
We now compare the historical cash flows from paying pensions (i.e., annuities) for different cohorts 
in each population (Figure 20). As before, we minimize the noise in comparing the two populations 
by calculating cumulative cash flows over periods of 10 years (Figure 20(a)). The calculation assumes 
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that the annuity pays $1 each year to each surviving member of each population. Figure 20(b) shows 
the ratio of 10-year cumulative annuity cash flows for the Californian male population to those of 
the national population. Each line represents the ratio over time for the same initial age.  
 

Figure 18: Evolution of male period life expectancy for the California and US national populations, 
1980-2004: (a) Life expectancy for 65-year-old males measured in years, (b) Ratio of life expectancy 

for the California population to the life expectancy for the national population for various ages. 
 

 
 

Figure 19: Increase in male period life expectancy for the California and US national populations, 
1980-2004: (a) Increase measured in years, (b) Increase in percentage terms. 
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Figure 20: Cumulative cash flows over 10-year horizons for liabilities (annuities) based on the 
California and US national male populations over the period 1989-2004: (a) Cumulative cash flows 

for 65-year-old males, (b) Ratio of cumulative cash flow for the California population to that for the 
national population. 

 

 
 
 
We note the following features, which are similar to the UK case study presented in Coughlan et al. 
(2011): 

 The ratios are all greater than unity, reflecting higher survival rates for the Californian 
population. The ratio varies from approximately 1.01 to 1.05, depending on the cohort and 
the year. 

 The ratios are reasonably stable. In particular, the ratio for the cohort with an initial age of 
60 varies between 1.01 and 1.014 over the period, while that for an initial age of 70 varies 
between 1.02 and 1.03.  

 
 
 Hedge effectiveness calculation 
 
Given the long-term, stable relationship between the US national and California populations in terms 
of their mortality experiences, the long-term effectiveness of an appropriately calibrated hedge of 
the latter using a hedging instrument based on the former should be high. 
 
We have evaluated an example of a static hedge of longevity risk in a hypothetical pension plan with 
the same mortality behaviour as males in the state of California and a hedging instrument linked to 
the LifeMetrics Index of male mortality for the US national population. We perform the same kind of 
retrospective hedge effectiveness test as the UK example reported in Coughlan et al. (2011). 
 
Step 1: Hedging objectives 
 
The pension plan consists entirely of deferred male members currently aged 55, whose mortality 
characteristics are the same as Californian males and who will receive a fixed pension of $1 for life 
beginning at retirement in 10 years’ time (the hedge horizon) at age 65. The hedging objective is to 
remove the uncertainty in the value of the pension at retirement due to longevity risk.  
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Step 2: Hedging instrument 
 
The hedging instrument is a 10-year deferred annuity swap that pays out on the basis of a survival 
index for the US national population for 55-year-old males. As we are considering a hedge of value, 
we assume that the hedging instrument is cash-settled at the hedge horizon at the market value 
prevailing at that time. In other words, in 10 years’ time, the pension plan receives a payment 
reflecting the market value of the hedging annuity at that time in return for making a fixed payment 
at that time. So the hedging instrument involves a net settlement that is the difference between the 
fixed payment and the market value of the hedging annuity in 10 years’ time. The hedge was 
calibrated using the method (see Appendix) described in Coughlan et al. (2011) resulting in a hedge 
ratio of 1.07, implying that to hedge a $1 liability requires $1.07 of the hedging instrument. 
 
Step 3: Method for hedge effectiveness assessment 
 
We perform a retrospective effectiveness test, based on historical data. The basis for comparison 
that we use is two-fold involving evaluation of (i) the correlations between the unhedged and 
hedged liability and (ii) the degree of risk reduction. Since the objective is to hedge the value of the 
pension liability, we focus on a risk metric corresponding to the value-at-risk (VaR) in 10 years’ time, 
where the VaR is measured at a 95% confidence level relative to the median. We measure hedge 
effectiveness by comparing the VaR of the pension before and after hedging. We use historical 
mortality data to directly evaluate historical scenarios for the evolution of mortality rates over a 10-
year horizon, from which the VaR of the pension liability can be calculated. Note that other risk 
metrics generally give similar results.19  
 
The hedge effectiveness is calculated in terms of relative risk reduction (denoted RRR): 
 
 RRR   =   1  –  VaR(Liability + Hedge) / VaRLiability   
 
We construct scenarios for the hedge effectiveness analysis in a model-independent way directly 
from the historical mortality data (as described in Coughlan et al. 2011). With available historical 
data limited to 25 years, we form historical scenarios by combining the set of realized mortality 
improvements with the set of realized mortality base tables from each year. In particular, we 
construct scenarios for each population by applying realized mortality improvements coming from 
the full historical set of 15 overlapping 10-year periods (1980-1990, 1981-1991, …, 1994-2004) to 
each of the realized mortality base tables defined by the observed mortality rates in each of the 25 
years (1980, 1981, …, 2004). This leads to 375 scenarios. Note that these 375 scenarios have enough 
dispersion for hedge effectiveness evaluation to be meaningful, as can be seen in the histogram of 
results (Figure 21). 
 
Step 4: Calculation of hedge effectiveness  
 
The results of the analysis are shown in the histogram in Figure 21. The histogram shows that the 
hedge is highly effective, reducing the impact of longevity risk on the value of the pension liability in 
10-years’ time by 86.5%, with a correlation between the values of the liability and the hedging 
instrument of 0.99. 
 
Step 5: Interpret the hedge effectiveness results  
 

                                                           
19

 As part of the original study, we also analyzed other metrics for risk, such as standard deviation and 
conditional VaR. These all gave similar results to this analysis (Coughlan et al., unpublished). 
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The results of this hedge effectiveness analysis lead to the conclusion that the index-based longevity 
hedge is effective in significantly reducing the longevity risk associated with the pension plan 
liabilities. Note that this result is model independent in the sense that it uses actual historical data to 
provide correlated mortality scenarios for both the exposed population and the hedging 
populations, without the need for a specific stochastic mortality model. 
 
This result is consistent with the result of a similar case study based on UK data over a longer period 
which is presented in Coughlan et al. (2011). The important implication from these two examples is 
that appropriately calibrated, index-based longevity hedges can be effective in reducing (but not 
completely eliminating) the longevity risk associated with DB pension plans. 
 
 
Figure 21: Hedge effectiveness analysis using an index-based hedging instrument linked to US 
national male mortality to hedge the longevity risk of a pension plan with the same mortality 
characteristics as the California male population. 
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 VI. Innovation in the longevity market 
 
The development of the longevity market since 2006 has witnessed considerable innovation, much 
of which has been the result of the interplay between investment banks, insurers, reinsurers and 
academics. This has involved the adaptation and extension of concepts and techniques from other 
disciplines such as investment banking, private equity and demographic science. It should be hardly 
surprising that the diverse perspectives of different players in this market have driven much of this 
innovation. The involvement of capital markets participants (investment banks and ILS investors) 
provided an alternative channel for longevity risk transfers and a fresh context for product 
development, collateralization and risk management. Similarly, the new monoline pension insurers 
(Paternoster, Lucida and Pension Corporation) brought to the market a sharp transactional focus and 
discipline typical of the private equity industry, together with an openness to new approaches. 
 
The resulting innovation has taken a number of different forms: 

 Product innovation 

 Conceptual innovation 

 Analytical innovation 

 Data innovation 
 
Product innovation 
 
In terms of product innovation, the market has witnessed the emergence of a significant number of 
new transactional structures including both capital markets and insurance solutions. New capital 
markets instruments have been conceived with the express purpose of transferring longevity risk, 
including q-forwards, S-forwards, longevity swaps and longevity trend spread bonds. The use of a 
longevity index in longevity hedging products, instead of the actual experience of the exposed 
population, was another innovation championed by J.P. Morgan and taken up by Swiss Re with their 
Kortis bond. (Swiss Re had earlier pioneered indices in mortality catastrophe hedges, but their 
application to longevity hedges was considered challenging). The non-insured buyout pioneered by 
Citigroup and Pension Corporation can in a sense also be considered a capital markets solution, 
albeit of a different kind.  
 
In a similar way, a number of insurance solutions have been developed and refined over time, 
including pension buy-ins, non-distressed pension buyouts for solvent sponsors and insurance-based 
longevity swaps. Refinements to these products include, for example, improved security, inspired by 
the collateralization techniques common in the financial markets. The market has also seen the 
development of hybrid solutions that involve both insurance and capital markets elements, such as 
synthetic buy-ins. Although the idea was in circulation in the banking community since 2007, it is 
probably no surprise that this hybrid solution was first put into practice by the combination of an 
investment bank (Goldman Sachs) and its insurance subsidiary (Rothesay Life).  
 
Conceptual innovation 
 
As for conceptual innovation, a number of new ideas were developed and implemented based on a 
new risk transfer paradigm. This was the paradigm of risk management, instead of risk 
indemnification. Risk management involves the reduction of risk in a selective and cost-effective 
way, without necessarily moving to full elimination. The longevity market has seen a number of 
significant conceptual advances following from this paradigm, but in particular: 
 

 Hedges of liability value. These involve hedging the longevity risk in the value of a pension or 
annuity liability at a future time, instead of each individual liability cash flow. Examples of 
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these are the q-forward hedges implemented by Lucida and by Pall. The hedge provided by 
RBS to Aviva in 2009 also included a value hedge. 

 Hedges based on a longevity index. These involve hedges that make a compensating 
payment when longevity, as measured by a broad population index, increases beyond 
expectations.  

 
The risk management paradigm has also led to the concept of measuring the effectiveness of hedges 
and quantifying the residual basis risk coming from hedge strategies that don’t involve full 
indemnification, such as index-based hedges. Until this time, basis risk arising from index-based 
longevity hedges was something that the industry believed was always too large for such hedges to 
ever be effective – but no one had managed to quantify it in a systematic framework. By adapting 
and applying the same analytical framework from the financial markets that has been successfully 
used to assess hedge effectiveness20 under derivative accounting standards SFAS 133 and IAS 39, 
recent work21 has shown that well-calibrated index-based hedges can indeed be highly effective with 
respect to hedging objectives, achieving up to 85% effectiveness. 
 
Analytical innovation 
 
Analytical innovation in the longevity market has taken many different forms, with academics and 
practitioners joining forces to develop practical models and frameworks. The hedge effectiveness 
framework just mentioned is one example. Another is stochastic mortality modeling.22 A particularly 
important development has been the emergence of two-population mortality models, to which 
several research groups have contributed.23 Two-population mortality models are essential tools in 
two main kinds of situation: 
 

 They are necessary to evaluate the basis risk in situations where the hedging population is 
different from the exposed population. For example, when an index-based hedge is used to 
reduce longevity risk, or when an annuity portfolio is used to hedge a life insurance 
portfolio.24 

 They are necessary to help forecast mortality in situations in which the exposed population 
is too small or has a limited history. In this situation, a two-population model enables the 
exposed population to be modeled by reference to a larger, related population which may 
have more and better quality data. 

 
Another innovative mortality model to emerge recently was that developed by the insurance 
modeling firm RMS, which caught the attention of the market when it was used for the Swiss Re 
Kortis bond. RMS took the “structural modeling” approach used for building models of natural 
catastrophes and developed a process model of causes of death, combined with research into likely 
drivers of future mortality improvement (RMS 2011).  
 

                                                           
20

 See Coughlan et al. (2004) for the original presentation of the hedge effectiveness framework. 
21

 See the following papers on hedge effectiveness and basis risk: Coughlan et al. (2011); Li and Hardy (2011); 
Plat (2009). 
22

 See Cairns et al. (2009, 2011a) and Dowd et al. (2010a,b). 
23

 See the following papers on two-population modeling: Li and Lee (2005); Jarner (2008); Jarner and Kryger 
(2011); Cairns et al. (2011b); Dowd et al. (2011). 
24

 Multipopulation mortality modelling is also useful for insurers with different populations: e.g.,life/annuity 
books; males/females; smokers/non-smokers; and policyholders from different regions or countries. In this 
case, basis risk is useful since it allows for some element of diversification which in turn reduces VaR relative to 
a situation with perfect correlation.  
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Data innovation 
 
There have been three main innovations connected with data that have had an influence on the 
development of the market: postcode (or zip code) mapping, LifeMetrics and Club Vita.  
 
A number of innovations have taken place around the application of geodemographic profiling to 
mortality and longevity analysis (Richards, 2008). This involves using socio-economic data connected 
with where people live to develop better estimates of mortality rates for the members of specific 
pension plans or the annuitants in annuity portfolios. Early pioneering work on this was done by 
Richard Willets and Laurence Andrews at Prudential PLC (UK) but was never published. Commonly 
called postcode analysis, it has been improved and refined over the years with access to marketing 
databases and advances in analytical techniques.  
 
The second example of data innovation was provided by LifeMetrics25, which included a series of 
longevity and mortality indices calculated according to a rigorous set of rules that has been used by 
many market participants for developing hedging instruments, forecasting future mortality, pricing 
longevity and mortality exposures, quantifying longevity risk and evaluating hedge effectiveness. 
LifeMetrics was launched in March 2007 by J.P. Morgan and was made freely available to users.  
While we have classified it under the heading of data innovation, LifeMetrics is more than just a data 
set. It consists of a framework for longevity risk management, software for modeling longevity risk 
and a series of longevity indices in four different countries (Coughlan et al. 2007a, 2007c, 2008a).26  
The framework blended actuarial and financial perspectives on longevity to help establish a common 
language for longevity risk management that was accessible to all participants across the insurance, 
pension, banking and investment management industries. It also served an important education 
role. The software provided practical tools to model longevity risk (using stochastic mortality 
models) and the longevity indices provided broad visibility on current and historical longevity metrics 
in different countries, as well as data for risk analysis and the pricing of longevity transactions. The 
LifeMetrics index for England & Wales was used in the hedging transactions executed by Lucida and 
the Pall (UK) Pension Scheme, and aspects of the LifeMetrics framework were used in the Canada 
Life longevity swap. In April 2011, the LLMA acquired the LifeMetrics Longevity Index from J.P. 
Morgan. 
 
In November 2008, Hymans Robertson, a UK pension consultant, launched Club Vita, an organization 
that enables UK pension plans to pool their mortality data in return for regular analysis and 
reporting on longevity. It is described as “a longevity experience-sharing club” (Hymans Robertson, 
2008), which was designed to provide pension plans with better and more timely information on 
longevity trends for particular subsets of the population. In 2011, more than 130 of the UK’s largest 
pension plans were contributing data and the club boasted a total data set consisting of 5.6 million 
member records over a 20 year period, of which 1.8 million are pensioner records (including 0.6 
million deaths). The data set contains very useful demographic and socio-economic information, 
such as gender, employment status (e.g., manual/non-manual), postcode, affluence measures 
(salary and pension amount), retirement age and retirement type (normal/ ill-health). Amongst its 
members Club Vita counts the UK’s Pension Protection Fund (PPF)27 which joined in 2010. It is 

                                                           
25

 www.lifemetrics.com 
26

 The LifeMetrics indices were developed by J.P. Morgan, in collaboration with the Pensions Institute and 
Towers Watson. 
27

 A statutory fund established by the UK Pensions Act 2004 “to provide compensation to members of eligible 
defined benefit pension schemes, when there is a qualifying insolvency event in relation to the employer, and 
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interesting to note, that Club Vita is probably the only innovation to have come from the pension 
consulting industry to have so far made a significant and lasting impact on the market. 
 

                                                                                                                                                                                     
where there are insufficient assets in the pension scheme to cover the Pension Protection Fund level of 
compensation.” 
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VII. Conclusions 
 
The longevity market has grown steadily since its birth in 2006, but has been slower to develop than 
most industry participants expected. This has been ascribed to the conservative nature of the 
pensions industry, unrealistic mortality assumptions used by pension actuaries in many countries 
and a lack of education on longevity risk and pricing. Nevertheless, a good deal of progress has been 
made in terms of education and implementing transactions, driven by the innovation inspired by 
different types of market participants. With the total amount of pension-related longevity exposure 
globally estimated at $25 trillion,28 the opportunity for the market is huge. Furthermore with most of 
this residing with governments and corporations that are ill-equipped to manage it, there is 
considerable scope for much more longevity risk transfer.  
 
This market will develop over time, helped by more realistic mortality assumptions used in statutory 
pension valuations, more regular and more timely valuations of pension liabilities, the elimination of 
smoothing in pensions accounting, and continued education. To meet the anticipated growth of the 
market, more capital will have to be found to support the transfer of longevity risk to other parties. 
This capital is likely to come both via the reinsurance industry and the capital markets.  
 

                                                           
28

 See Richardson (2010) for a Swiss Re estimate of market size. 
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 Appendix 
 
 
Hedge Calibration 
 
Hedge calibration refers to the process of designing the hedging instrument to maximize its 
effectiveness in reducing risk, relative to the hedging objectives. It involves two elements: 
 

1. The determination of the appropriate structure and characteristics of the hedging 
instrument (e.g., type of instrument, maturity, index to be used).  

2. The determination of the optimal amount of the hedge required to maximize hedge 
effectiveness. This involves determining optimal ‘‘hedge ratios’’ for each of the 
subcomponents of the hedging instrument. 

 
As a simple example, consider a hedging instrument with just one component designed to hedge the 
value of a pension liability at a future time, which we call the ‘‘hedge horizon.’’ Suppose we have 
bought h units of the hedge for each unit of the liability: h is the hedge ratio. Then the total (net) 
value of the combined exposure is 
 

V Total   =  V Liability + h x V Hedge . 
 
The optimization element referred to above involves selecting h to maximize hedge effectiveness by 
minimizing the uncertainty in VTotal. It can be shown that, assuming the values are normally 
distributed and risk is measured by standard deviation, then the optimal hedge ratio is given by 
(Coughlan et al. 2004) 
 

h Optimal  =    x (Liability /Hedge),  
 

where Liability and Hedge are the standard deviations of the values of the liability and hedging 

instrument, respectively, at the hedge horizon, and  is the correlation between them. It is evident 
from this simple example that basis risk analysis is an essential prerequisite for optimal hedge 
calibration. 
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