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Abstract

Government-issued longevityobds would allow longevity risk to be shared
efficiently and fairly between generations. In exchange for paying a longevity risk
premium,the current generation of retirees can look to future generations to hedge
their systematidongevity risk. Longevitybonds will lead to a more secure pension
savings markettogether with a more efficient annuity markBy issuing longevity
bonds, govarments can aid the establishment of reliable longevity indices and key
price points on the longevity risk term structure and kietpemerging capital market

in longevitylinked instruments tduild on this term structure with liquid longevity
derivatives
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|. Introduction

Longevity bondgay declining coupons linked to the survivorship of a cohort of the
population, say 6%earold males; for example, the coupon payable at age 75 (i.e., 10
years after the issue date of the bond) will depend on the proportionyeaééld

males who survive to age 75; they have no principal repayment. They are designed to

hedgesystematidalso known as aggregate or trend) longevity risk.

Insurance companies and pension plan providers face the risk that retiree®mig
average live longer than expectedlongevity risk is a substantial righat might
adversely affect both the willingness and ability of financial instihgito supply
retired households with financial products to manage wealth decumulation in
retirement. In this paper, we explain hgavernmens issuinglongevity bondscan

act as a catalyst to facilitate the transfer of a proportion of this risk to the capital
markets. We highlight the benefits that would flow from a transparent and liquid
capital market in longevity risk, and we argtat there is an important role for
governmert to play in helping this emerging market to graWwe also show how the
governmentmight consider how tgrice longevity bondsn the face of potential
demand from defined beneffDB) and defined contributiotDC) plans and from
annuity providers. Our line of reasoning comes from working in the UK, but we
believe that what we argue here has validity for all countries with mature funded

pension systems.

The UK pension fund industry is the second largest in the world by value, with assets
of around 20% of those held in the USA. However, the UK lifetime annuity market is
much larger than in the USaround 500,000 annuities are set up each year at a cost
of £12bn, mainly as a result of the effective requirement to buy life annuitiestas pa

of DC pension plan provision.

A well-functioning annuity market will become increasingly important as DC plans

mature, not just in the UK, but in all countries where DC pension provision becomes
the norm. The importance of DC pensions and, in turn, lifetime annuities is growing
rapidly asgovernmerg cut social security pensions and companies move away from

DB plans. DC plan$ave to work effectively if people are going to be prepared to



save privately for their pensions. However, a growing weakness in DC plans is the
inability of annuity providers to hedge thsystematiclongevity risk they face.
Systematidongevity risk might affect the price and availability of annuities, as well
as nsurance company solvency. Every country with DC pension plans will sooner or

later have to confront the problem of dealing veiylstematidongevity risk

We therefore believe that the time is right fmvernmert to set u@ working pary
to undertake costbenefit analysis of the governmesguance ofongevity bonds

II. What islongevity risk?

Figure 1: Decomposition of longevity risk
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Systematic longevity risk
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+
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Figure 1 shows that longevity risk is driven by two underlying risks: randontiearia
risk and trend risk. Random vation risk is the risk that individual mortality rates
differ from the outcome expected as a result of chargmme people will die before

their life expectancy, some will die afteiTrend risk is the risk that unanticipated

changes in lifestyle behaviar or medical advances significantly improve longefity.

! The mortallity ratefor a given agemeasures the frequency of occurrence of deaths of people of the
given age in a defined population during a specified time intery@kaly one yearMortality rates

are derived from crude death rates which are calculated as the ratio of deaths poskd prpulation,

i.e., the number of lives at the start of the period exposed to the risk gf diyiimg a specifietime
interval, typically one yearA survivor (or survival)rate for a given ageneasures the proportion of
people of the given age surviving a specified time interval. Stmeivor rate at age 65 equals €1



Privatesector institutions can deal with a ‘specific risk’ like random variation risk by
pooling and relying on the law of large nhumbers to reduce the variability oigkis r
Trend risk, on the other hand, is, like inflation risksgstematiaisk’ that cannot be
diversified away by poolintand, indeed, the more business an insurer pools, the
bigger the relative impact of trend risk. The private sector is unable to hedgskhis ri
effectively without a suitable hedging instrument. We will argue that there is a key
role for governmerg to help the private sector by issuihgngevity bonds -
particularly by issuing bonds that provide ‘tail risk’ protection against triskd- and

by helping with the construction of national longevity indices.

[11. Why should we be concer ned about longevity risk and who bearsit?

Longevity risk is borne by every institution making payments that depend on how
long individuals are going to live. These include DB pension plan sponsors, insurance
companies selling life annuities agdvernmerg through the social security pension
systen and the final salary pension plasfspublicsector employees. The situation is
particularly acute for insurance companies operating in the European UWHLHN (
where a new regulatory regime, Solvency Il, is due to be introduced #h*2ZHe
current Solvency Il proposals, if adopted, will require insurers to hold significant
additional capital to back their annuity liabilities if longevity risknnot be hedged

effectively or marked to market.

mortality rate at age 65). Life expectancy measures the average number of yemsnaopa given
age would live under a given set of mortality conditions. Life expectanagially computed on the
basis of a life table showing the probability of dying at each age famea gopulation according to the
agespecific death rates prevailing during a specified period. For example, |éetarpy at 65 = 0.5 +
(1-q(65)) + (1-q(65))*(1- 0(66)) + (1- q(65))*(1- a(66))*(1-9(67)) + ...+ (£q(65))* ... *(1-q(120) and
g(120 is typically set to unity and(65) is the mortality rate at age 6&tc. We also need to distinguish
between period life expectancy which makes no allowance farefirnprovements in mortality rates
and so assumes, for example, t@7) in the above formula will equal the mortality rate of today’s
67-yearolds— and cohort life expectancy which makes such an allowarase hence will involve a
lower q(67) thanused to calculate period life expectancy.

2 Factors such as obesity and environmental degradation could eveleadltp a trend decline in life
expectancy.

% Milevsky et al. (2006) prove this result.

* See Appendix A for more details about Solvency 1.



By any measure, longevity risk is a significant risk. Glopabvatesector pension
liabilities are of the order of $25trh.In the UK alone, privatsector DB pension
liabilities equal £1,340bn,while DC pension assets amount t@3Zbn (including
£150bn in annuities witlinsurance compaes)® It has been estimatethat every
additional year of life expectancy at age 65 adds around 3 percen8lor £8the
present value of DB pension liabilities in the UK, with a similar impact on lifetime
annuities’ The most recent estimates for UK state pension liabilities ¥@/@43n

in respect of social security pensip852bn in respect of the unfunded pension plans
of publicsector employeesand £313bn in respect of the funded plangpuwblic-
sector employeeprincipally local governmentemployees§ This implies that UK

government-backed longevititked liabilities exceed &rn.°

In addition to being extensive, longevity risk in the private sector is beginning to
become concentrated, especially in the UK. Prigatdor companies in the UK are
moving rapidly away from DB pension provision. They are beginning to offload the
legacy longevity risk that they still hold either by buyingannuities from life
companies to cover their pensianspayment or by undertaking bulk boyts of

their liabilities, again with life companié§!* In providing these indemnification
solutions for DB pension plans, insurance companies are beginning to play a big role
in aggregating longevity risk in the economy.

The DB plans in privateector companies in the UK are being replaced with

occupational DC plansthe equivalent of 401(k) plans in the USAnd, in so doing,

® OECD (2011)nd Life and Longevity Market Association

® Levy (2012) andAssociation of British Insurershe figures are for er2010.

" Pension Protection Furahd the Pensions Regulator (2006, T&b6).

8 Hobbs (2012); the figures are for ep@10.

° The UK government has linked the social security pension age to increaseseixpkftancy and is
planning to do the same for public sector employees, so this figuot éxpmected to increase iatéire
as it has in the past.

19 Bulk-buyouts transfer the pension liabilities in corporate pension plansumitce companies. This
market began in earnest in the UK in 1999, when the Prudentsalr&sce Company did £1bn of
business.

" There is also an increasing use of longevity swaps provided by both irswampanies and
investment banks (Hymans RobertsBuay-outs, Buy-ins and Longevity Hedging (various issues))A
longevity swap exchanges fixed for floating survivor rates oveteher of the swap. The fixed rate
might be set equal to the expected rates in Figlne@vplus the longevity risk premium. The floating
rates are the realized rates which could be above or below the fixed rate. Each yeasitimepben or
annuity provider pays the fixed rate and receives the floating rate and therk®yridhe cost of the
pension or annuity payments. The first suggestion for longevity swapsurvivor swaps- was made
in Dowd et al. (2006).



companies are passing the longevity risk back to their employees. So individuals
should be concerned because there is a real risk that they willeothi#ir wealth-

this is the specific risk identified in Figure-if they do not hedge this risk by buying

life annuities. In countries such as the W@WKd Chile where annuitization of DC
pension pots is either mandatory or strongly incentivizedyill again be life

companies that provide these annuities.

So all the trends in pension provisienincreasing demand from DB plans to use
annuities to back their pensions in payment, the growing demand from DB plans for
bulk buyouts, the overall growth in both the number and size of DC pension funds
and the associated growth in the number of pensioners with DC funds reaching
retirement— are pointing to a big increase in demand for annuities provided by

insurance companies.

There are two problemassociatd with this increased demand. First, there is the
danger that this could result in an unhealthy concentration of risk amongst a small
number of insurance companies. Second, there is insufficient capital in the

insurance/reinsurance industry to deal wittaltglobal privatesector longevity risk.

Under Solvency I, it is proposed that insurance liabilities are increased by the
addition of a market value margin (MVM) reflecting the cost of capitabt@ic'non
hedgeable’ risks. For annuity companies thasprincipally longevity risk. It is
currently proposed that in the absence of a hedging instrument for longevity risk, EU
insurers will have to charge a 6% cost of capital above thefraskrate when
calculating the MVM. As a consequence of the ldiaged nature of annuities, this
calculationcould result in the amount of capital held for longevity risk approximately
doubling from current levels. The resultant extra capital for longevity ndkogher
Solvency Il impact¥ would have to be passed on to customers and the money’s

worth of annuities could fall by up to 10%%.

12 For example, the loss of upfront allowances for the liquidity premiunfaratedit risk.

13 Tully (2011). Of this 10%, indust insiders estimate that 7% is accounted fothglost allowances

for the liquidity premium and for credit riskvith the remaining 3% due to the absence of a longevity
risk hedge. With £12bn annual sales of annuities in the UK, this impliestaccevery new annual
cohort of retirees in the UK alone of £360mn.



The only realistic way of handling the issudsconcentration and sufficient capital

is to find an efficient way ompas@ng some of the risk ontgovernmerg and the
capital markets. The alternative is poorer value annuities, an annuity market prone to
insolvency or, in the extreme, no privaeetor annuity market at all. Adovernmerd

that have encouraged the growth of DC pension provision should be concerned about
this. But, by issuinglongevity bonds,governmerd can help to overcome these

problems.

V. How can longevity bonds hedge systematic longevity risk?

In order to see how longevity bondcan hedgeystematidongevity risk, we need to

both quantify longevity risk and identify where it is concentrated. Figuresepts a
survivor fan charf derived using the CairrBlake-Dowd (CBD) stochastic mortality
model® The fan chart shows the uncertainty surrounding projections of the number
of survivors to each age from the cohort of males from the national population of
England and Wales who are aged 65 at the end of 2006 bars indicate the 90%
confidence interval on the projected survivor rate for each age out to 115. The line in
the middle of each bar indicates the expected proportion of the cohort to survive to
each age. The Figure shows that there is little uncertainty out to age 75: we can be
fairly confident that approximately 19% will have died by 75. The uncertainty peaks
at age 93: the cdidence interval band is widest at this age. The best estimate is that
36% will survive to age 90, but it could be anywhere between 30% and 41%. This is a
very large rangelhe Figure also shows the extent of thecalbed ‘tail risk’ after age

90: there $ some probability- even if small-that some members of this cohort will

live beyond 110.

4 Blake et al. (2008).

15 Cairns et al(2006).This model is briefly explained in Appends

8 The CBD model was estimated using data between 1991 and 2006. The hisésiazhover which
astochastic mortality model such as the CBD model is estimatedasntgimportant for both getting

a good fix on the future trend improvements in mortality rates and arwvthiatility around this trend.
However, this does not necessarily mean that a longer data periodeis Hethere has been a
significant change in the treptihen this suggests the model should be estimated over a short period for
the purpose of getting a reliable estimate of the latest trend. On the artideiaionger periodight be
used to get an estimate of lengn volatility. This is a matter of experimentation. The results we
present here are purely illustrative, although they were compared focamsiistency with the official
Office for National Statistics 2008 projemis. Much more analytical work would have to be done
using a wider range of models before a-tgatld longevity bond could be issued.



Figure 2: Survivor fan chart - Males aged 65
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Note: Derived from the Cairns-Blake-Dowd stochastic mortality model, estimated on English and Welsh male mortality
data for 65-year olds over the period 1991-2006

A survivor fan chart is very useful to a pension plan or annuity provider since it shows
the likely range of pensioners or annuitants from a given birth cohort suntiving
each age. If more survive to each age than was expected, the pension plan pr annuit
provider has to make higher total pension or annuity payments than was anticipated.
The opposite holds if fewer survive to each age than was anticipated. The best
estimate expectation of life is 20.5 years; the 5% confidence level etipedtal9.4

yeas and the 95% confidence level expectation is 21.8 years.

We will now show how dongevity bondwith the following characteristics can help
to hedgesystematidongevity risk:

e The bond pays coupons that decline over time in line with the actual nyortalit
experience of a cohort of the population, sayyéarold males from the
national population: so the coupons payable at age 75, for example, will
depend on the proportion of §&arold males who survive to age 75.

e Coupon payments are not made for ages for which longevity risk is low: so,
for example, the first coupon might not be paid until the cohort reaches age 75
(such a bond would be denoted astededongevity bond).

e The coupon payments continue until the maturity date of the bond which
might, for example, be 40 years after the issue date when the cohort of males

reaches age 105



e The final coupon incorporates a terminal payment equal to the discounted
value of the sum of the pe%05 survivor rates to account for those who
survive beyond age 109he terminal payment is calculated on the maturity
date of the bond and will depend on the numbers of the cohort still alive at that
time and projections of their remaining survivorship. It is intended to avoid the
payment of trivial sums at very highexy

e The bond pays coupons only and has no principal repayment.

Figure 3: Deferred Longevity Bond for male aged 65 with 10-year
deferment

Longevity Bond payable from age 75 with terminal payment
at age 105 to cover post-105 longevity risk
PAYMENT

100 -+ Payment at age 75
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60 -
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Note: See note to Figure 2

Figure 3 shows the possible range of coupon paymentsdefeaedlongevity bond

based on the national population of English and Welsh males who were aged 65 at the
end of 2006. Such a bond would provide a hedge for siystematidongevity risk

faced by pension plans and annuity providers. If population survivorship is higher at
each age than was expected, the bond pays out higher coupons. This is what pension
plans and annuity providers need to help match the higher than expected pensions and
annuity payments they need to make. If, on the other hand, survivorship is lower at
each age than was expected, the bond pays out lower coupons. But the pension plans
and annuity providers are not likely to mind this, since their pensions and annuity

payments are also likely to be lower.

1C



However, it is important to recognize that the bond will only provide a perfect hedge
for the systematidongevity risk faced by pension plans and annuity providetse

plan members and annuitants have exactly the same mortality experience over time as
the cohort underlying the bond. If the plan members and annuitants have a mortality
experience that differs from that of the national population, this will introbases

risk.” In practice, there will always be some basis risk. One reason for this is that
pension plans and annuity books have far fewer members than the national population
and will therefore experience greater random variation risk than the national
population and this is likely to cause the mortality experience of -pcoiation to
diverge from that of the national population over time, even if they have the same

mortality profile at the outset.

Another reason is that most pension plans and annuity books will not have the same
mortality profile as the national population, even to begin with. There can be
differences in age, gender and seeamnomic composition. Different birth cohorts
have different survivor rates to each age. While survivors redeeach agéend to
increase over time, in line with the trend improvement in longevity, they do not do so
uniformly: some birth cohorts experience faster improvements than tirenmales,

on average, live longer than males. Professionals tend to live longer thascolaite
workers who in turn tend to live longer than balar and manual workers. But it is

not simply the differences in life expectancies between these various groups that are
important, it is unexpected changes in the trends in slueuivorship experience that

causes basis risk.

Yet another reason for basis risk involves the difference between ‘lives’ and
‘amounts’. A population longevity indékwill weight each life equally, but members

of the higher soci@conomic groups will tend to have higher pensions and annuities
than members of the lower so@oonomic groups. They are also more likely to have

multiple annuities. The directors of a small manufacturing company are likely to

Y This is the risk that the ‘underlying’ in this case, the survivor rates of the particular population
being hedged does not move in line with the hedging instrumenthich, in this case, depends on the
survivor rates of the national population.

18 Wil letts @004, Richards et al.Z008).

¥ This is an index based on the mortality experience of the national fiopula

11



represent a large share of the company’s pensamlalbilities and are more likely to
live longer than the average member. All these factors will increase basis risk and its

complexity.

In theory, there could belangevity bondfor both males and females, for each age
and for each socieconomic grop. Such granularity of thengevity bondmarket

would allow a high degree of hedge effectiveness to be achieved. But it would also
result in negligible liquidity or pricing transparency: the more bonds theréharkess
trading there will be in each bond and the less frequently the bonds will be priced. As
is the case in other marketsespecially derivatives marketsa small number of
suitably designed bonds should provide an appropriate balance between hedge

effectiveness, liquidity and pricing trarspncy*°

Not only arelongevity bonds useful for hedgingsystematiclongevity risk once
pensioners have retired, they could be used to heggiematicongevity risk and
longterm investment risk in the period leading up to retirement. A typical DC plan
will use a lifestyle (or lifecycle) investment strategy. This involves a high weighting
in equitiesand other growth asseits the early stages of treecumulation process in
order to benefit from the equity risk premium. There is then a systematic switch to
less volatile assets, typically lomgted fixedincome bonds, during the final stages of
the accumulation processthe sacalled glide path to teement— in order to reduce

the volatility of the lifetime retirement income secured at retirement. While the fixed
income bonds hedge the intereste risk in the purchase of an anniitghey do not

hedge the longevity ris¥

Both interestrate rsk and longevity risk could be hedged along the glide path if plan
members invested in a fund containit@ngevity bonds This would give plan
members greater certainty of income in the run up to retirement. This folloassdeec

the price of future lifetirm annuities (at the member’'s retirement date) should be

2 gee the discussion gection 8 oBlakeet al.(2006).

L Since annuity providers buy bonds to make the annuity payments, anngtisect to interest
rate risk. If interest rates fall, bond prices rise and this willcedine amount of the annuity that can be
paid from a given lump sum.

2 |f longevity improves at a higher rate than that expected along the glidetpattno wil reduce the
amount of the annuity that can be paid from a given lump sum.

12



highly correlated with the value of this fund which will rise if longevity impsove
faster than expected or if lo#grm interest rates fall, and reduce if longevity
expectations decline or intereates rise. The fund might be a better way of providing
income security from a DC pension plan at retirement than the alternative of
purchasing deferred annuities, since the annuity provider might have to hold
significant capital against the deferred aiesiit sold (at least this is true in the UK),

the cost of which would have to be passed onto the member.
V. Why should the government issue longevity bonds?

In principle, longevity bondscould be issued by privagector organizations. It has
been arged that pharmaceutical companies would be natural isssieice their
revenues are positively linked to survivorship: the longer people live, the more they
will spend on medicine$ While this is true, the scale of the demand l@argevity
bonds far exceeds conceivable privedector supply from companies such as
pharmaceuticals. Further, there would be significant credit risk assbewte the
privatesector issuance of an instrument intended to hedgygst@maticrisk many
years into the future. In price,we believe thathe only realistic issuer dbngevity

bondsin scale is thgovernment*#®

We believe that there are three important reasons whyotrernment should engage

in sharing longevity risk with the private sector. It:

e has an interesh ensuring there is an efficient annuity market

e has an interest in ensuring there is an efficient capital market for longevity risk

transfers

e is best placed to engage in intergenerational risk sharing, such as by providing

tail risk protection againsystematictrend risk®®

% Dowd (2003)
The first suggestion for governments to do thés made in Blake and Burrows (2001)
% See section X below for a critique of this view.
% See Bohn (2012) for a formal model of intergenerational risk sharirrgifate of shocks to labour
productivity, return on capital and longevity. Bohn recommends governrsienisdd issue both age

13



A. An efficient annuity market for pensioners

The governmentas an interest in ensuring there is an efficient annuity market, given
its desire to encourage retirement savings in DC pension tilansely on annuities

to turn pension savings into guaranteed lifetime retirement income. If the private
sector is unable to hedggstematiclongevity risk, it increases the likelihood that
insurance companies stop selling annuities or increase anmigég pvhich would

reduce pensioner income in retirement.

A consequence of the above is thavernmerg might find themselves having to pay
additional meansested benefits to supplement pensioners’ incomes, as well as
receiving lower income tax and expenditure taxes (suelalasadded &x in the UK)

from pensioners due to their lower inconiésThis will, ceteris paribus, lead to
higher taxes on the working population. This outcome will therefore not be popular
with workers or pensioners. Further, wakeare likely to reduce savings into DC
pension plans. Those that do continue to save in DC plans will face even greater
uncertainty about their prospective pension income, since an efficient pecite

annuity market might no longer be in existencewthey retire.

B. An efficient capital market for longevity risk transfers

The capital markets have a key role to help ensure there is an efficient annuity market
and to reduce concentration risk. It can therefore also be argued tgavvémament
has an interest in ensuring there is an efficient capital market for longevity risk

transfers. There are two areas whgweernment support is required.

First, thegovernment can help with the construction of national longevity indices. It is
for reasons of accuracy that longevity indices would most likely have to be based on

national mortality data. A key component of the success of the new capitalt marke

and longevityindexed bondssince thes would helpto redu@ both the mismatch between pension
assets and liabilitiesndthe pension fund’s dependence on corporate sponsors

2" Many of the people buying annuities in the UK are also on miested benefits. Any reduction in
annuity payments arising from more onerous capital requiremesntisimg from insurers being unable
to hedge longevity risk willmmediately increase meangsted benefits.

14



will be the timely mblication of accurate and independently calculated longevity
indices. The longevity indices would cover mortality rates, survivor rates and lif

expectancies for both males and females.

Only thegovernmenhas access to the information necessary to pethese indices

on account of the legal requirement to report deaths and related information such as
dates of death and birth and gender to an official agency, which in the UK is the
General Register Office of Births, Marriages and De&thBurther, only the
governmenhas access to the information needed to estimate the size of the exposed
population. In the UK, this is currently derived from decadal censuses with annual
updates between censuses based on reported deaths and estimated migration flows
However, the resulting estimates are not accurate enough at high ages. It isniporta

to be able to track a cohort over time, particularly at high agegotrenments in a

unique position to do this, since it makes social security pension payments b almo
every old person and needs to keep good records to do this. While longevity indices
based on social class would be useful, the social class of a deceased @son i
recorded at the time of death and while attempts have been made to construct social
class indices, based on factors such as zip code or post code, these lack the accuracy
of national indices. A similar argument would hold for longevity indices based on
amounts rather than livés.

Second, thegovernmentcan make an important contribution by issuinggevity
bondsto facilitate price discovery, thereby encouraging capital market development.
Longevity risk is not currently actively traded in the capital marksiswe do not
have a good estimate of its market price or premifuBut if the governmentssued a
small number oflongevity bonds this would help to establish and maintain the
marketclearing ‘price points’ for longevity risk at key ages and future dated
hence establish a market price for longevity risk. In other wordshdhds would

% The government will always have more refined information than tkatprsector as a result of data
protection legislation. This legislation prevents the release of informatianwbald allow an
individual — even one who has diedto be identified. Mortality data will only be published in a
sufficiently aggregated form- in terms of date and location of deathhat makes it impossible for
specific individualdo beidentified.

% For an examination of longevity hedging using longevity indices, see Goughal. (2011).

% The longevity risk premium is paid ke longevity bond’s buyer to the bond'’s issuer to remove
systematic longevity risk. It therefore results in a lower caugpat the bond’s issuer has to pay the
bond’s buyer for purchasing the bond, thereby lowering the effectle gn the bond.
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help to establish the riskless term structure for survivor rates for ages &5 for

future years® There is a clear analogy with the fixectome and indefinked (TIPS

in the US) bond markets. In these markets, the issgevdrnmentonds helped to
establish the riskless term structures for interest rates and inflation rate expectations,
respectively, for terms out to 50 years or more. The private sector was theto abl
issue corporate fixeshcome and indeXnked bonds with diffeent credit risks
(AAA, AA, etc) and establish credit term structures above the riskless benchmark

curves.

The longevity risk term structure is more complex than either the interest rate or
inflation term structures, since it is tvddmensional — involvig age as well as time
whereas the latter are edemensional, involving only time. The longevity risk term
structure is therefore a twdimensional surface, rather than a line: cohorts move
diagonally across the surface over time, getting one year @adh every passing
year, with some members of the cohort dying each year. This is demexhstrat
Figure 4 which shows the cash flows on tdeferredlongevity bonds one bond
based on male lives from the national population aged 65 and one bond ihasaie o
lives from the national population aged 75. Each bond is specified by four dates: the
birth year of the cohort being tracked (e.g., 1945), the issue date (e.g. 20103t the f
payment date (e.g., 2020) and the last payment date (e.g., 330B0¢re is a
corresponding mortality term structure for females, l@agevity bondsare also
identified by gender (M or F).

3L Currently, the survivor rates for future years are based on mogetiwas, such as the CDB model.
Figure 2 illustrates ik for males aged 65 at the end of 2006. The theoretically fair priceonfjauity
bond could therefore be determined using the CBD model. However, widded market indngevity
bonds a market view of future survival rates would replace model gtiojes and the resulting price
points would be used in determining the market price of the bonds. Pwemgrket would replace
pricing-to-model.

32 If a strips market indngevity bonds develops- as happens with fixethcome and indesinked
bonds— then hedgers could buy the subset of the coupon payments that most nles¢$ their
hedging requirements, rather than having to buy the whole bond. In addlittenindividual coupons
in Figure 4 are traded separately, this will allow more accurtiermination of the price points for
longevity risk along the diagonals of the longevity risk term structure.
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Figure 4: Longevity Bond cash flows across ages and time
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The establishment of a market price for longevity risk would be particuladful for
EU insurance companies operating under Solvéhcyhe maximum longevity risk
premium that an annuity provider would be willing to pay to bugraevity bond
would be related to the level of capital that thgulators agree can be released as a

result of holding the longevity bortd back annuity likilities.*®

The establishment of price points will also help to facilitate the capital market
development of longevity swaps and other longevity derivatives similar to the
interestrate and inflation swaps that developed in the fixedme and indeknked

bond markets. Market participants were able to use market intatesand inflation
expectations rather than projections from models. The same would happen in the
longevity swaps market. The longevity swaps market began to develop in the UK in
2007-09with eight publicly announced swaps involving six annuity providers and
two pension funds. A number of global investment banks and reinsurers intermediated
the deals- J.P. Morgan, Deutsche Bank, RBSredit SuisseGoldman Sachand

SwissRe- and the longevity risk was passed through to investetgh as insuranee

331t will also be related to the extent of thasis risk that remains unhedged and potentially the size of
any illiquidity premium contained ithe price of bngevitybonds If longevitybondsare not actively
traded, investors will demand an illiquidity premium to hold them and thdatr might be reluctant

to accept that the bonds’ prices can be used for-toamarket pricing for capital rehse purposes.
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linked securities (ILS) investors, hedge funds, sovereign wealth funds, fdfiigso
and endowments attracted by a new asset class that is uncorrelated with traditional

asset classes, such as equities, bonds and real estate.

C. Intergenerational risk sharing

The governments the onlyagencyin society that can engage in intergenerational risk
sharhg on a large scale and enforce intergenerational contfaEtss is important,

given that longevity risk is a risk that crosses a number of generations.

This is how the intergenerational risk sharing operates. gheernmentwould
receive a longevityisk premium by issuindpngevity bonds In effect, the current
retired population pays future generations an insurance premium to hedge its
systematidongevity risk. If, in equilibrium, the risk premium is sufficient to ensure
that the generation bearitige risk is adequately compensated, then each generation is
treated fairly. The current generationf pensioners derives benefit from artgui
companies being able to usevgrnmentissued longevity bonds to provide better
value annuities. The premiuthatthis generation pay®r taking away the longevity

risk is effectively the premium required to compensate the younger generabio
whom the government ipassingon the riskin the form ofpossible higher taxe®
enable the gvernment tocontinue paywng pensions to members of the current

generatiorwho live longer than expected.

3 1n the private sector, lorgrm contracts can involve significant credit risk as mentioned adove
collateralization can introduce significant frictional costs
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Figure 5: Deferred Tail Longevity Bond for male aged 65
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Note: See note to Figure 2

A key role for governmentin this context is to provide a hedge feystematic
longevity risk byoffering tail risk protection against trend risk. Once the market for
longevity bonds has matured, in the sense of producing stable and reliable price points
in the age range 630, the capital markets can take over responsibility for providing
the necessary hedging capacity in this age range using longevity secaritie
derivatives. All that might then be needed would be forgbeernmento provide a
continuous supply ofeferredtail longevity bondsvith payments starting from age 90

in order to allow pension plans and insurers to hedge their taif°riBlgure 5
illustrates the cash flows on such a bond. These bonds will be necessary on a
permanent basis, since the capital that annuity providers would be required by the
regulator to post in order to cover this risk would be very high in the absence of a
close matching sset. The bonds are also necessary because the investors who have
recently become interested in taking the other side of the longevity swaps hearée

no appetite for hedging lordration tail longevity risk.

% Pension plans and annuity providers might still be willing to invesbwemmentissued dbngevity
bonds covering the age range @ if they are competitively priced compared with capital market
hedges.

19



V1. What isthe potential demand for longevity bonds?

The demand folongevity bondss driven principally by the growth of DC pensions

and the growing maturity of DB plans. The market in DB longevity risk management

is new and there is a significant programme currently being implementbad ik

by investment banks and actuarial consultants to educate DB pension plan trustees
and annuity providers about the benefits of longevity risk hedging. Although the
investment banks have an incentive to talk up the market, the demand is genuine. We

believe that the potential demand for longevity boisdsubstantial.

In the UK alone: of the £3trn in DB privatesector pasion liabilities, around
£600bn relate to pensions in payment; of épproximatelyE60dn in accumulated
DC pension assets2@0bn relate to people over age 55; and insurance companies are

committed to making annuity payments valued in excess of £150bn.

We believe that a suitable initial issuancéonfgevity bonds (with 1@ear deferment)

by the UKgovernment could be four bosdLBM(65,75), LBF(65,75), LBM(75,85)

and LBF(75,85)° The size of each bond issue will depend, in part, on price and this
will be considered in the next section. However, the total issuance is likely to be sma
in relation to the overall size of thgovernmentbond market and is unlikely to
become a principal funding source fsvernment’ Nevertheless, the issuance will
have significant value, since it will improve the efficiency of the annuity market as

well as providing a useful risk management tool for DB plans.
VII. Pricing consider ations

Ultimately, the demand fdongevity bondswill depend on their price. Demand will
be higher the closer thgovernmentoffers the bonds at true economic cost, i.e.,
charges a fair, but not excessive, longevitgk rpremium. It is right that the

governmentseeks to charge a fair risk premium lemgevity bondsbecause this

% LBM(65,75) is a bngevitybondfor males aged 65, with the first coupon paid at age 75, etc.
3" Total UK government bonissuancawill exceed£700bn over5 yearsas a consequence of the fallout
from the 200708 Global Financial Crisis.
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ensures intergenerational fairness. The expected cost of the longevithiaiséd be

borne by those whose retirement incomes will be derived from the bonds.

Some might argue that thgovernmentshould seek to charge a risk premium in
excess of the economic cost. For example, if, in a Solvency Il world, insurance
companies writing annuity business end up having to hold capital in excess of true
economic levels, because they are unable to hedge longevity risk, then g yoeni
prepared to pay a premium price fongevity bondsf, by doing so, they can reduce
their capital requirements. This would obviously depend on the Solvency Il treatment

of longevity bondsaind the capital reduction that tfegulators would allow.

It would be short sighted gfovernmentso seek to exploit thiarbitragesituation. If
insurance companies can reduce their capital requirements closer to economic capital
levels, then this should result in higher annuity values with the consequent benefits t

government, pensioners and savers already highlighted.

In addition, ve also believe that it is most unlikely that the marketdingevity bonds

will develop if thegovernmentust focuses on insurers. The bonds will need to be
priced to attract DB pension plans which do not currently face solvency capital
requirements. B plans which do not have a pressing need for a fulldutyusing
annuities(which will be subject to Solvency Il capital via insurers) and which want
engage in risk management will only blongevity bonds if they believe thewre
priced fairly (andcheaper than longevity swaps and other derivative longevity hedges
provided by the private sector). So, if we want to enBlBepension plans buy
longevity bondsissued by thegovernment the governmentshould not price them
above AAA.

Members in DC pesion plansdeisking (i.e.,life-styling or life-cycling) in the run

up to their retiremenélso will have achoice between using lordated bonds and
longevity bondsand again many will be discouraged from usioiggevity bondsf

the governmentlooks to charge a markip beyond the fair price. Other investors,
including investment banks, will also be discouraged from buigingevity bondsf

they believe the longevity risk premium is excessive, because they will fear that the

bonds will eventually falln value to reflect their true economic cost.
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So for the market imongevity bondsto take off, we believe they should be priced
according to economic capital principles. The analysis below is intended to initiate the
process of defining what is the fair economic price. Our intention is not to de¢ermi
that price; rather it is to indicate one possible approach and the issues that need to be
resolved for determining what the fair price might be. The approach we have adopted
builds on the insurance industigostof-capital method® This determines a risk
margin for capital above the best estimate of the value of the liabilities. The best
estimate of the value of the liabilities in our model is derived from the median
scenario and, at any point in time, is the present value of the expected future coupons
on the bond from the median scenario discounted at thdreiskrate. The cosif-

capital method involves four stages:

e Determine the required credit rating for the bond.

e Project the longevity risk capitaequired for each year in the life of the bond

to maintain the required credit rating

e Multiply each annual capital requirement by a percentage cost of capital to

give the cost of capital in money terms

e Calculate the present value of each of thesé¢-@bsapital amounts using a
risk-free discount rate and sum to give the present value of the oxskall

premium.

The starting point for quantifying the minimum risk premium that gbeernment
should charge to ensure intergenerational fairness is to consider the notionat level o
capital it would need to hold to achieve at least a AAA rating. It is important to realize
that thegovernmentill not actually hold this capitat unlike an insurer but simply

uses the notional required capital amount to calculate the cost of capital for each year
of the bond’s life. To calculate this notional capital, we ideally need to use stochastic

mortality and interest rate modelling to determine the amounbtidnal capital that

3 Chief Risk Officer Forum (2008Bee Appendix C for an explanation.
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would apply throughout the duration of the bond to ensure the bond’s payments

would be made with a continuing AAA level of confidence.

Ouir first task is to derive the survival probability on AAA bonds. We assume a yearly
survival probability of 0.9995 in the analysis below to reflect the high standard of
security that would be associated wghvernment-issued longevity bondghis is
marginally higher than the annualized@ar survival rates on AAA bonds of 0.9991
between 1970 and 2008 and 0.9994 between 1920 and2008.

We then used the CBD model to project 10,000 longevity scenarios for English and
Welsh males aged 65 at the end of 2006 (as shown in Figures 2, 3 and 5) and these
were, in turn, used to calculate 10,000 present values of the coupon payments on a
range of different types dbngevity bond Table 1 shows the distribution of life
expectancies for males aged 65 and 75 at the end of 2006, according to the CBD
model and quantiles of the distributions lohgevity bond pesent values, payable
immediately (PV(65,65) and PV(75,75)), payable from age 75 (PV(65,75)), payable
from age 85 (PV(75,85)) and payable from age 90 (PV(65,90) and PV(75,90)),
respectively®® For convenience, the median present value for each bond éms be
rescaled to £100 by adjusting the base coupon. A fixed risk-free discount rate of 4% is
assumed throughoft. Further, no allowance is made for expenses and other
operational risks, since we are looking to quantify the pure price of the riskupnemi

for longevity.

39 The desired survival probability could be higher if required.

“0 Notice that the PV(65,90) bond is more volatile than the PV(65,75) bdwichwin turn, is more
volatile than the PV(65,65) bondlhis is for precisely the sameasorthata zerecoupon bond is more
volatile than a coupepaying bond with the same maturity:cla@se the zero’s cash flows are more
heavily concentrated towards the end of its maturity than a bond payinigrregupons, it has greater
duration.

“1 The explanation for the choice of a fixed rfs&e discount rate of 4% is given in Appendix &
moresophisticated approach would stochastically model thefmegkterm structure.
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Table 1: Distribution of life expectancies and longevity bond present values

Quantile | 65 | PV(65,65) | PV(65,75) | PV(6590) | €75 | PV(75,75) | PV(75,85) | PV(75,90)

0.005 18.77 94.68 88.02 60.36 10.96 93.28 79.06 66.04
0.01 18.93 95.22 89.14 63.55 11.07 93.94 81.34 69.40
0.025 19.17 95.97 90.81 68.42 11.20 94.81 83.82 73.22
0.05 19.37 96.57 92.19 72.44 11.34 95.67 86.48 77.63
0.5 20.51 100.00 100.00 100.00 12.03 100.00 100.00 100.00
0.95 21.82 103.65 108.39 134.43 12.79 104.57 114.76 126.10
0.975 22.07 104.34 109.98 141.43 12.94 105.37 117.62 131.67
0.99 22.38 105.12 111.73 150.07 13.14 106.57 121.17 138.73

0.995 22.57 105.63 113.03 155.36 13.28 107.31 123.87 143.24
M ean 20.53 100.03 100.09 101.25 12.04 100.05 100.19 100.65

M edian annuity
factor 12.619 5.222 0.675 8.420 2.106 0.815
Base coupon (£) 7.925 19.149 148.133 11.876 47.493 122.730

Notes: Derived from the CBD model estimated on English and Welsh datd for age 65 over the period 129D6.
e65 and e75 = life expectancy at ages 65 and 75. PV(65,65) = present value dfwétibbase coupon of £7.925 fo
male aged 65, payableofn age 65. PV(65,75) = present value of a bond with base coupon of £19.15 for geda
65, payable from age 75. PV(65,90) = present value of a bond with base coupon b3 £dM8.male aged 65, payah

from age 90. The discount rate is assumed ta hgk free 4%. The median annuity factor is the present value oéd bas

coupon of one unit payable yearly in arrears multiplied by the propasfithe cohort still alive at the end of each y4gar,
for the life of the annuitant from a given age. The lameon is derived by dividing the median price of the bond
as 100) by the median annuity factor. The actual coupon in each year a couperisiequal to the (rescaled) bdse

coupon multiplied by the percentage of the population surviving betwedoicks issue date and the coupon paynjent

date.

We now need to determine the relevant quantiles of the distribution of present values
to achieve a AAA rating. We do this at the undiscounted mean term of the expected

payments? Table 2 shows the mean term on the issue date for a range of different

2 An alternative would have been to use the discounted mean teduration of the bond. Thj
however, has the effetitat it changes when the discount rate changes. Thsppropriate because
the potential dispersion of projected cash flows, and hence thagashst which capital is being held,
does not depend on interest rates. We dadvever,examine the effect of using the discounted mean
term with a fixed discountate of 4% and it made very little difference to the final estimatdef t
longevity risk premium.
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bonds. The corresponding AAA quantiles are shown in the last column. These are

found by raising the survival probability of 0.9995 to the power of the mean term.

Table 2: Mean term of longevity bonds and corresponding AAA quantiles on issue date of bonds

L ongevity bond Mean term AAA gquantile
LBM(65,65) 13.21 0.99341
LBM(65,75) 19.73 0.99018
LBM(65,90) 30.51 0.98486
LBM(75,75) 8.72 0.99565
LBM(75,85) 16.00 0.99203
LBM(75,90) 19.87 0.99011

Notes: The mean term is found by summing the expected coupons on a bond weightedlmber
of years ahead each coupon occurs and then dividing by the sum of the eqmegiens. The
corresponding AAA quantile is found by raising the survival probalilit).9995 to the power of th

D

mean term. Forexample, forthe LBM(65,65) bond, the mean term is 13.21 years and
corresponding AAA quantile is 0.999%"= 0.99341.

Using the information in Tables 1 and 2, we can determinatiiied notional capital
that is required for a AAA rating and then use this to calculate the cost of capital f

each year of the bond’s life.

Take, for example, the LBM(65,75) bond (i.e., one based on males age 65 with
payments starting at age 75). On the issue date, the mean term is 19.73 years and
therefore the AAA capital requirement can be derived from the 0.99018 quaedile (s
Table 2), giving an initial capital requirement of 11.73% (see Tabletlle 0.99
quantile is £111.73, while the median is £100). Figure 6 shows graphically the level
of economic capital required for the first year.
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Figure 6: Distribution of 10,000 scenarios of the present values of
10-year Deferred Longevity Bond payments for males aged 65

Longevity Bond with coupon of £19.15 adjusted for survivorship of age 65 cohort
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Note: See note to Figure 2

For subsequent years, we continue to use the best estimate of the bond’s coupons
from the median scenario. However, we need tounethe CBD model to produce

new sets of 10,000 scenarios for each year in the future. In doing this, we asgume tha
mortality rates follow the best estimate path from the median scenario up to the year
(and associated age) that we are modelling and then we produce a new stochastic
distribution of outcomes using drift and volatility parameters consistent with the CBD

model used inhe first year.

Although this results in a narrowing funnel of doubt as each year pddkesmean

term of the expected cash payments also reduces and this requires higher quantiles of
the distribution to be used each year to maintain the desired A¢dk cating for the

bond?* The net outcome of these opposing effects results in a lower capitaliark
percentage over time. Table 3 shows a subset of the mean terms, the resultant AAA
guantiles and the capital maumk percentages for LBM(65,75) and LBRE85) that

can be applied to the series of best estimate liabilities derived from the median

scenario.

3 As the age 65 and 75 cohorts grow older, the range of possible outcomesnarrow
* This follows because 0.9995 raised to the power of a lower mean terncesoaihigher quantile
than 0.9995 raised to the power of a higher mean term as Table 2 shows.
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It is therefore possible using the CBD model to calculate the notional requivgd A
capital holdings for longevity risk for each year for any bond. We now need to
multiply each one of these by the cost of capital and afnéskdiscount factor and

sum this series to produce the required risk premium which can be expressed as a
percentage of the expected bond price of 100. We can then convert thisffiective

basis points reduction from the riflee rate.

Table 3: Mean term, AAA quantiles and resultant AAA capital as a per centage of best estimate
liabilities
LBM (65,75) LBM (75,85)

Age Mean term Quantile Capital % Mean term Quantile Capital %
65 19.73 0.99018 11.73%

70 14.73 0.99266 11.31%

75 9.73 0.99515 11.01% 16.00 0.99203 21.81%
80 8.16 0.99593 10.34% 14.73 0.99266 20.70%
85 6.76 0.99663 10.05% 9.73 0.99515 19.89%
90 5.51 0.99725 9.66% 8.16 0.99593 18.31%
95 4.44 0.99778 9.04% 6.76 0.99663 17.05%
100 3.54 0.99823 8.52% 5,51 0.99725 15.82%
105 2.82 0.99859 8.07% 4.44 0.99778 13.98%
110 2.27 0.99887 7.57% 3.54 0.99823 12.90%

A critical factor in the process is to determine the appropriate cost of capital. This has
beenthe subject of much debate in the run up to Solvencgrhuity companies are
currently expected to use a 6% cost of capitaén calculating their MVM This is
intended to cover a number of risk factors associated with annuity provision, the most
significant being norhedgeable longevity riskdowever, the industry believes that
this figure will lead to &CRwhich will result in insurers being asked to hold capital
abovethe true economic levéf. The industry has therefore recommended a cost of
capital in the range 2.5%5% p.a., based on the cost of fwtgeable risks and a

capital level calibrated to a 0.995 survival probability over one %fedmis

> Chief Risk Officer ForumZ008 pp. 1618).
“% Chief Risk Officer ForumZ008, p. 8).See Appendix C for an explanation.
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approximately translates into a cost of talpin the range 1.67%% p.a., based on a

0.9995 annual survival probabilify.

The upper end of this range is substantially higher th@gjovernment would be
expected to charge. This is because the longevity risk facgdugynmerd is lower

than that faced by insurers because they have the benefit of having a more reliable
estimate of current longevity exposures. They therefore have a more accurate starting
point for modelling longevity improvement risk. They also face less random
variability in trend improvements in longevity gevernment-issued longevity bonds

will be based on national population data. By contrast, the population relevant for
insurers is a small and much more volatile subset of the national population. A case
coud therefore potentially be made fgovernmento use a cost of capital of around

204 48, 49

Table 4 shows the total risk premium for a numbdoogevity bonddor illustrative

costs of capital of 2% and 3%. It also shows the corresponding basis poutisaes

from the riskfree rate. Take LBM(65,75) and a 2% cost of capital, for example. This
bond has a total risk premium of 3.2%. This means that the issue price of the bond
would be £103.20. The effective yield on the bond is equal to thdreskae less

the basis points reduction, so the effective yield on LBM(65,75) is 3.821%.

" Chief Risk Officer ForumZ008 Figurel,p. 30).

“8 This would include an allowance for model risk, e.g., in the model tes@roject future mortality
rates.

9 An dternative approach to the cesftcapital method useih this paper is thépercentile method
which determines the level of capital needed to ensure that all payments canfoearsst percentage
of all the scenarios. In the context of Solvencgyalbrobability of 75% has been suggested. By using
the iritial 10,000 present value scenarios from the CBM maal@b percentile risk premium can be
determined andn turn, an implied cost of capitalan becalculatedIn this case, thpercentile method
implies coss of capital of 2.11% for LBM(65,75)1..75%for LBM(65,90) 2.77%for LBM(75,85) and
2.45%for LBM(75,90).

0 By using a discount rate @&821%,the present value of the coupon payments on the BBMH
bond equals £103.20.
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Table 4: Risk premiums and basis pointsreduction in yield on

longevity bonds

Bond 2% cost of capital 3% cost of capital
Risk premium Bpsreduction in Risk premium Bpsreduction in
yield yield
LBM(65,65) 1.4% 13.4 bps 2.0% 20.0 bps
LBM(65,75) 3.2% 17.9 bps 4.7% 26.5 bps
LBM(65,90) 15.1% 48.7 bps 22.6% 70.8 bps
LBM(75,75) 1.2% 16.5 bps 1.8% 24.7 bps
LBM(75,85) 4.1% 27.6 bps 6.2% 40.8 bps
LBM(75,90) 8.2% 42.6 bps 12.4% 62.2 bps

Notes: The risk premium is the total for each bond. The basis pointstiocedsbows the annug

reduction from the assumed rifikee yield of 4%.

VII1. Who benefits from gover nment issuing longevity bonds?

Who benefits fromgovernmerg assisting in encouraging the optimal sharing of

longevity risk?The simple answer is everyone. Everyone should benefit from having

a market price for longevity risk and the ability to hedgystematidongevity risk.

But there are also more specific benefits.

Thegovernment:

Gains by having both a more secure DC pension savings market and a more
efficient annuity market, resulting in less meéested benefits and a higher

tax take

Should gain acceds a new source of loagrm funding which, by widening

the investor base, lowers the cost of governnssiance

Is able to issue bonds with a deferred payment structure to help its current
funding programme and improve its cash flow.

Earns a markedeermined longevity risk premium thereby further reducing

the expected cost of the lotgrm national debt.
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For DB pension plans:
e Have the opportunity to reduce longevity risks.

e Can hedge longevity risk exposure prior to buy out.

Insurers:

e Can potentiallyestablish a marko-market longevity risk term structure and
hence hold the optimal level of economic capital or at least hold capital closer
to the economic level

e Longevity bondswill help insurers to play an aggregating role in providing
pension plans and individuals with longevity insurance, whilst being able to
pass on a proportion of their risk to the capital market; this would reduce their
longevity concentration risk and facilitate the spread of longevity risk around

the capital markets.

The capithmarkets:

e Get help to kick start market participation through the establishment of
reliable longevity indices and key price points on the longevity risk term
structure

e Can build on this longevity risk term structure with liquid longevity

derivatives.

Investors:
e Get access to a new (longeviigked) asset class whose returns are
uncorrelated with traditional asset classes, such as bonds, equities and real

estate.

Regulators:
e A longevity risk term structure should help the insuremgulator (the
Prucential RegulationAuthority® in the UK) validate insurers’ economic

capital, thereby making regulation more robust.

*1 This replaced the Financial Services Authority in April 2013.
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e Longevity bondsshould help an orderly transfer of longevity risk from DB
plans to the capital markets, thereby reducing reliance on artaincsgonsor
covenant and reducingoncentration risk amongst insurers, and, in turn,

giving comfort to the pension plans’ regulator.

e A longevity risk term structure should helacilitate the alculaton of any
risk-based levy to a pension insurance plan (the Pension Protection Fund in the
UK).>?

Pension plan members:
e DB pension plan menars potentially get better security.
e DC pension plan members get better valued annuities which produce a higher
lifetime income when they retire.
e Further, individuals with DC pension plans would have a means of hedging

the longevity risk associated with purchasing an annuity at retirement.
I X. Growing support for gover nment issuance of longevity bonds

Support forgovernmerg to issudongevity bondss growing steadily, not only in the

UK, where the situation is most immediate, but also internationally.

The UK Pensions Commission suggestedgbeernmenshould consider the use of
longevity bondgo absorb tail risk for those over 90 or 95, provided it exits from other
forms of longevity risk preetirement which it has done by linkistate pension age

to increases in life expectancy and by raising the futiate pension agigom 65to

68 by 2046. “One possible limited role fogovernmentmay, however, be worth
consideration: the absorption of the ‘extreme tail’ of longevity risk-pEisement,

i.e., uncertainty about the mortality experience of the minority of people wadi

very old ages, say, beyond 90 or beyond 95.”

2 The Pensins Regulator in the UK igesponsible for the regulation of occupational thested DB
and DC schemes and attempts to limit the number of DB schemes neguiogtSrom the Pension
Protection Fund (which was based on the US Pension Benefit Guaraptyation).

%3 Pension Commission (2005, p. 229).
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The UK Confederation of British Industry (CBI), which represents Britrapleyers,

has argued:Governmenshould drive development of a market in longevity bonds, a
similar instrument to annuities, by which the paymemsgsh® bonds depend on the
proportion of a reference population that is still surviving at the date of paywhe

each coupon. This should be done through limited seed capital and supporting policy
work on the topic. Government could also consider how best to match government
bond issues to pension scheme needs, including the provision of mordatedg
bonds and whether government should issue mortality bonds ftself.”

According to the OECD: “Governments could improve the market for annuities by

issuing longevity indexed bonds and by producing a longevity intfex.”

The World Economic Forum has argued: “Given the ongoing shift towards defined
contribution pension arrangements, there will be a growing need for annuities to
enhance the security of retirem@émtome. Longevityindexed londs and markets for
hedging longevity risk would therefore play a critical role in ensuringdeguate

provision of annuities>®

Finally, the IMF states:*Although the private sector will further develop market
based transfamechanisms for longevity risk if it recognizes the benefits of doing so
the government has a potential role in supporting this market. Measures caudi@ incl
provision of better longevity data, better regulation and supervision, and education to
promoteawareness of longevity risk. Those governments that are able tdHaiit

own longevity risk could consider issuing a limited quantity of longevity bonds to

jumpstart the markét>’

>4 Redressing the Balance - Boosting the Economy and Protecting Pensions, CBI Brief, May 2009
% Antolin and Blommestein (2007).

*World Economic Forunf2009.

" International Monetary Fun@012)
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X. Counter arguments

While we feel we have put forward a numbéstsong aguments supporting the case
for longevitybonds that are issued by governments, we do need to acknowledge and

thenaddress number of counter arguments.

First, oncerns have been raised tgavernmerg are not natural issuerslohgevity
bondsbecause of their large existing exposuri@ excess of &irn in the case of the

UK government — to longevity risk.

We would argue thata governmers exposure to unanticipated longevity
improvements through the issuancdarfgevity bondss — or at least could be well
hedged. First, thgovernmentreceives a longevity risk premium from issuing the
bonds. Second, in the event that the risk premium proves to be insufficient, the
government can reduce itate pension spend and increase itsrglieement tax take

by raising the te pension age, as recommended byukKePensions Commission

The next generation might have to work longer, but will, in any desesended up
beinga fitter generation than anticipatadd so be able to earn more income which, in
turn, will produce more tax. Third, since the issuandemgevity bondshould result

in a more efficient annuity market and hence higher incomes in retiretmisrghould

also result in an increase in the tax take and help to reducetlumiaof meansested
benefits.In addition it should be noted thahe¢ higher tax take and lower means
tested benefits arising from a more efficient annuity market applies to the lifetimes of
all pensioners buying an annuity, whereas the tail risk protection providgefdayed

tail longevity bondsapplies only to those surviving over 90, some 25 years in the

future.

Overall, oncea governmenis only issuingdeferredtail longevity bondsthe risk will
be very manageable and consistent with fwverrments role of facilitating
intergenerational risk sharing. We believe that there could be a significaiterasit
to thegovernmentrom the issuance dbngevity bondsand therefore a strong, indeed

overwhelming, case fa government to issue longevity bonds
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The second criticisms that there is no rolat all for a government in issuing

longevity bonds as argued by Dowd (2003) and Brown and Orszag (2006).

Dowd (2003) criticized the original argument used by Blake and Burrows (2001) to
justify government issuance of longevity bonds (or what Blake and Burrows called
survivor bonds), namely the appeal to the Arrow-Lind Theorem on social risk bearing.
This theorem states that by dispersing an aggregate risk across the population (of
taxpayershs a whole, the associated risk premmma longevity bond issued by the
governmentwould be lower than that charged by a prive¢etor issuer. Dowd
countered that many of tressumptions underlying the theorensuch as taxes are
costless to collect, eh household bears an equal share of the tax burden, and an
absence of distributional effectsdo not hold in practice. Instead, he argued that
capital markets are better suited than any government to bear and sharengsks, s
they allow risks to be diversified internationally. In short, Dowd argued that
governmenintervention was unnecessary, sifqeatesector parties were perfectly
capable of creating and trading longedihked instruments and derivatives
themselves. There was no market failumethegovernmento correct, rather the time

is not yet ripe: “The fact that a particular innovation has not yet occdoesl not in

itself constitute an argument for government intervention to bring it about. doy g
new idea, including that of survivor derivatives, should eventually take dfit we

have to give it time.... When the time is ripe, it is therefore entirely possibleyand e
likely, that markets for survivor derivatives survivor bonds, forwards, futures,
options and swaps, and annusecuritization- will take off, and eventually become

as familiar as comparable instruments such as credit derivatives are tppla$4¢

8).

Brown and Orszag (2006) also accept that a longevity risk premium wouldmnbed

paid in order to hedge aggregate longevity risk, but they argue that it is not
sufficiently high to cause a market failure and hence justify governimenvention:

“we suspect that this risk does exert some upward pressure on annuity pricing,
possibly in the range of a few percage points” (p. 622). They also accept that the
intergenerational sharing of longevity risk can potentially improve socialakeelf
Suppose a scientific discovery improves the life expectancy of all currentiamd f

generations. Current 8@ear olds would be unable to respond to this bgntering
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the labour market and hence would experience a lower standard of living as their
remaining wealth would have to be spread over a longer period. Younger generations
are more able to adjust to this mortalityosk. Hence the financial risk from such a
shock could be spread over a number of generations and this would improve social
welfare. Since only thgovernmentis able to enforce intergenerational contracts,
there is a potential role for thgovernmentin efficiently spreading risk across
generations. However, Brown and Orszag believe that it is unlikely that the
governmentwill spread risk efficiently: “to maximize social welfare, it is not
sufficient that thegovernment movany amount of risk from the current generation to
some other generation. Rather, §wernmenneeds to move theptimal amount of

risk onto the right generations” (p. 625). Instead, they believe thaotrernment

will favour the current generation of voters, and particularly the large number of vocal
grey voters, over generations as yet unborn, by transferring “more than thaloptim

amount of risk to future generations” (p. 629).

We would argue that there is a role for bgtwernmentand the private sector in
developing a longevity market. As discussed in Figure 1, the private sector i$ best a
hedging specific longevity risk, once it has hedged systematic longeskty The
governmentis the only agent in society with both the capacity and credibility to
provide a longterm hedge for systematic longevity risk through the issuarfce
longevity bonds. While DowdBrown and Orszag highlight some of the difficulties
associated with thgovernmens ability to forecast future mortalitymprovements,

the existence ofohgevity londs would provide an incentive for tigevernment to
collect better death records and improve its longevity forecasting techniquesfbot
which would have wider social benefits. Even if the private sector is better at
forecasting than thgovanment —which in this case is hard to believe since it is the
governmenthat collects death statistiessystematic longevity is a slowly building
trend risk and the privatgector issueof a longevity bond risks insolvency if it gets
that trend wrongn a way that thgovernmentwill its unlimited powers of taxation

does not.

8 Dowd (2003, pp. 346) makes the same point: “The intergenerational argumeopés to the
objection that governments have an incentive to put the interests of custers ahead of those of
future voters”. We would argue that the issuance of longewbnds would help to reduce this
incentive. The current generation is getting its longevity risk inserfordree: if longevity bonds were
issued, it would have to pay for it!
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Thethird criticismis that even if longevity bonds are issued by the government, there
is a question mark concerniiige potential iuidity of the market trading longevity
bords. Some have argued that liquidity is likely to be thin, since any new information
concerning mortality that would be sufficiently significant to motivate trading is
likely to arrive very infrequently. While this is true, we believe that there are
important lessons fronthe inflation-linked financial futures market. Early attempts to
introduce such a market were initialipsuccessful buheyeventually succeeded and
inflation indices have similar characteristics to longevity indiegsecially in their

low frequency of publication.

The first attemptoccurred wherCPI futures contracteerelisted on the US Coffee,
Sugar and Cocoa Exchange in June 198&s contract was delisted in April 1987,
with only 10,000 contracts ever having been tradée. key reasons for the failuref

this contract werethere wasno underlyinginflation-linked securities market at the
time, the underlying was an infrequently published (i.e., monthly) index, and there
was no stable pricing relationship with other instruments to attract the attention of
arbitrageurs The ®cond attemptoccurred when feasury inflatiorprotected
securities (TIPS) futures welisted on the Chicago Board of Trade in June 188d
subsequently delisted before the end of the year with only 22acthever traded.
The key reasons for the failuref this contract wereTIPS had only started trading
five months beforgthere was just a single {@ar TIPS tradingthe futures contract
competed with the underlying for liquidjtgnd there waancertanty over the future

of the TIPS programThe fnal attemptwas in February 2004 when tl@hicago
Mercantile Exchangelauncheda CPI futures contract which is still tradinghe
reasons forthe succes®f this contract areinflation-linked securities haveained
acceptance amongst investor#Ps have evolved into recogett asset class, there is

a wellunderstood pricing relationship allowing for arbitrage opportunities between
TIPS, fixedinterest Treasury bonds and CPI futures,UBeTreasurys commitied to
longterm TIPS issuan¢eCPI futures do not compete directly with brdather
complement TIPS and usamethe inflation index, andliquidity is enhanced by
electronic trading on Globex. This exj@rce therefore suggests thaisitpossible to

createa liquid market in an instrument based on an infrequently published index.
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The fourth criticism is that longevity bonds are unnecessary since the load iryannuit
prices is sufficiently large ta) absorb the increase in regulatory capital that will be
required after the introduction of Solvency Il in the absence of longevity bands

b) to absorb the longevity risk in countries not subject to Solveneyd) the US and

Australia)

Our response is that there is limited scope for annuity provideabstrbeitherthe
costs of the additional capital requiremeatsthe aggregate longevity risk without

seriously reducing the money’s wodhthe annuitiesthey sell>®

The life annuity market inthe UK has scale (a £12lper annum market around a
half of the global annuity market) and as a consequence is price competitive with a
number of life insurers competing for business. It is relatively easy forgoemsito
compare the different guaranteed incomes on offer in exchange for their pension

savings.

In recentyears the money’s worth of the UK annuity market has been assessed and
tracked by Professors Edmund Cannon and lan Tonks. They were commissioned by
the Department for Work and Pensions (DWP) in 2009 to produce a detailed report on
the money’s worth of annuitieis the UK. Their report examines a time series of
pension annuity rates in the UK for the period 1994 to 2007. “The report computes the
money’s worth of annuities and finds that, on average, the money’s worth over the
sample period for 6year old malesds been 90 per cent, and foryEar old females

has been a similar but slightly larger 91 per cent. Taking into account load factors
associated with annuity contracts and in comparison with other financial and
insurance products this implies that annsitae fairly priced.(Cannon andronks

(20009, xii).

¥ The conventional methodology for valuing annuities is to calculatentbeey’s worth’ statistic,
which will equal 1086 when annuity providers have no administrative costs and are makingfite. pro
In practice, the money’s worth is typically less than 100 per cent dibe foresence of administrative
costs risk charges (ifiorm of cost of capitaland the need for annuityrgviders to make a ‘normal
profit’. The sum of the costs and normal profit is called the ‘load factor’.
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Cannon and Tonks’ analysis shows that there is some evidencthéhabney's

worth has fallen since 2002. They discuss a number of reasons fonthisling:
changes in insurance regulatiachangs in industrialconcentration, an insurance
cycle, the pricing of mortality uncertaintyand the growth in the impaired lives
market.The last of these is becoming an increasingly important factor in the UK and
it has resulted irthe money’s worth for standard annuitig®., those for healthy
lives) falling as insurance companies have made allowance for the selection effects
caused by the introduction of enhanced rates for pensioners with health impairments
that reduce their expected life expectancy. AbB0% of pensioners qualify for
enhanced annuity rates and life insurers have adjusted the rates on standard annuities
to reflect the longer life expectancy of the 70% buying standard annuitiestAdre

main reason is thatK insurers have increased tleading for the cost of their risk
capital to reflect the fact that they exptxhave to hold more capital in a Solvency Il
world. This trend has accelerated since 2009 as the introduction of Solvency Il comes
nearerIn short, the load in annuities cannot take much more strain wistvetsely

impactingthe size of th@nnuity payments.

The fifth and final criticism that we consider is thaisis riskis sufficiently large that

it would negate any gains from holdiranbevity bonds

We recognise @it basis riskis an important issue. There will be a requiremerder
Solvency lIfor annuity companies to hold capital to cobesis riskwhere they have

a hedging instrument that is not perfect. However, given that no longevity bonds have
yet beerissued no annuity providehas been in a position to agree the scale of capital
required with itgegulator. e level of capital will clearly depend on the composition
and size of the insurer’s annuity population. Howekgnsurers who are also caught

by Solvency Il would be more able to consolidate exposure by pooling portfolios
from different providers and therefore suffer less basis risk. It is pessilait
reinsurers could end up using longevity bonds to manage their longevity risk and
reduce theilSolvency Il capital requiremenivhilst providing indemnity rather than

indexed solutions to insurers with small pools of annuities.

Whilst it is hard to be absolutely sure at this stage in the development of the&, marke

we do not believe that basis risieans that longevity bonds will be ineffective. Basis
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risk arises in other markets where imperfect hedging instruments atesusd as
interest rate and currency futures contracts. Using these contracts leads to both
contemporaneous and time basis rislt this does not prevent them from providing
highly effective— if not perfect— hedges as was discussed in detaiBlake et al.

(2006).

XI. Next Step

If we accept that longevity bonds have a potentially important role to play in hedging
systematic dngevity risk, then the next step is fgovernmerg in countries with
significantprivate sector pension funéts set up avorking party to undertake a coest
benefit analysis ofgovernmentissuance oflongevity bondsto help manage the
associated longevityisk exposure. The terms of reference of this working party
should cover the benefits that would accrue, the scale of the longevity risk that
governmerg would be assuming, and the actigotvernmerg can take to mitigate
this risk. The working party should also work through the practicalities of issuing
longevity bondsincluding the construction of reference longevity indices, potential

demand, pricing, liquidity and taton®
Appendix A: ABrief Guideto Solvency |1

Solvency Il is similar to the banks’ regulatory regime Basel I, and its purpose is to
align regulatorycapital more closely with economic capittlis due to come into
force in all member states of the European Union in 2014, gaafiready been

delayed several times.

The European Commission’s Solvency Il initiative to improve the regulation of
European insurance companies started in 2008im is to ensure improved risk
management and greater consistency in the calculati@paélrequirementg&cross

European insurers.

%0 Longevity bonds are annuity bonds with the coupon payment involving a retcapitdl element as
well as an interest element. The tax treatment will therefore be more catedlithan with a
conventional bond.
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The capitathat needs to be held under therentSolvency | framework is calculated
using simple formul& which result in different levels of prudence for different
insurance products and even different portfoMaishin product categories As a
result it is difficult to compare the financial strengthEuropean insurers.

Under Solvency |l Insurerswill be required to hold a minimunsolvency Capital
Requirement (SCR¥hich is calculated to ensure that the firm holds sufficient capital
to cover against adverse evepturringover the next year with a probaby of
99.5%.

The use of a ongear valueatrisk measure reflects a desibg EU regulators ér
consistency with theBasel capitaladequacyregime for banks although many
insurance experts would argue that this is flawed given thetngand different

nature of insurance liabilities.

Insurance firms can either use Standard Formulae or develop their own Internal
Models to calculate their SCR. Both methodologies require the firms to use
assumptionset by the EU regulator regarding the valuations of assets and liabilities.
To ensure constency and maximum harmonisatioacross EU member states
national regulators will have the responsibility to ensure that their insurerthes

final EU-wide standardised assumptions and methodologies.

The objectiveof the Solvency Il valuation approach is tdhancecomparability and
transparency across European insurélee Committee of European Insurance and
Occupational Pension Supervisors (CEIOR&3} beeradvisng on the development

of common Solvency Il risk margin calculation methodology arsdimptions.This

has proved to be a difficult and contentious task given the diversity of products and
current practices across member states and there are still a number of unanswered

issues particularly concerning annuity business.
Where possible a maitik-market approach is usedowever if there is no deep and

liquid financial market resulting in risks that are Amtgeable then a mat&model

approach is usedlongevity risk is currently deemed to be noedgeable.
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The calculation of the risk margin for a nbadgeable risk is based on the eufst
capital (CoC) method, with CoC defined as the cost of holding sufficient capital
consistent with projected future SCRs to support the business. Under the CoC
approach, the CoC charge in every pershduld becalculated by multiplying the
projected capital requirement in respect of-hexdgeable risk capital by a predefined
CoC rate. This is the philosophy we have attempted to mirror in calculating the
longevity bond pricesn Section VII However as his CoC approach requires
complex multi-year risk modellingit is expected that some simplification will be
allowed under Solvency Il. The proposed Solvency Il CoC ofab%ve the risk free

rate has also been challenged by the Chief Risk Officers’ Fdramd others.

A firm date for the introduction o%olvency Ilhas still not been finally fixed and
there are still a number of uncertainties particularly for annuity peosidround the

allowance for illiquidity premiums and future longevity risks.

Findly, it is important to reiterate that our proposal for governments to issue
longevity bonds is not primarily a response Solvency Ilin the EU. Ourkey
argument is that longevity risk is an inggnerational risk that require®wernmers

in all countries to help to manage.
Appendix B: The Cairns-Blake-Dowd Model

The CairnsBlake-Dowd (CBD) (2006)model is a tweparameter stochastic mortality
model thafits the logit of the mortality rat® the two factors as follows:

logit(q(t, X)) = Iog{%} BOD PP

whereq(t, x) is the mortality rate at timeand at age, «"is thei™ time-varying
factor that drives the dynamics of mortality rates, #jd is thei™ agerelated weight

on . The CBD model adopts very simple parametric forms for therelgeed

weights:

®1 See Appendix C for further information on theo@ Method
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,3(1) =1

B =(x=X%)

where X = n_IZRﬁ is themean age in the sample rangedn is the length of the

sample range. This particular parameterization means that the firstamneg factor
influences the level of the mortality term structure at tinevhile the second

influences the slope.

A number of studies have shown that the CBD model fits mortality rate data well at
high ages (above 50) in terms of goodrafsht, backtesting and the generation of
mortality density forecasts (see, e.g., Cairns et al. (2009, 2011) and Doavd et
(2010a,b).

Appendix C: The Cost-of-Capital Method and a Justification for the Cost-of-
Capital Assumptionsused to Price the Longevity Bond

Our model for pricing longevity bonds makes use of the “obstpital method
outlined in theChief Risk Officer(CRO) Forunis (2008) report Market Value of
Liabilities for Insurance Firms Implementing Bements for Solvency’ll This report
addressedboth core principles angdractical issues lating to he calculation of the

market value of liabilities und&olvency Il.

By the ‘cost of capital’ (CoC), we mean the cabbvethe risk freerate. As shown in
Table 4,the CoCcan be expressed as a risk premalyoveor as a reduction in yield
from the risk free rateWe can interpret the CoC as tlengevity risk premium
demanded by government to ensure Hgemerational fairnessas discusse in
Section V.C.

The CRO Forum sought dvice from Dr Philipp Keller of Ernst & Young and
Professors Shaun Wang and Richard Phillips of Georgia State Univassitgrning
the alibration of theCoC. The resulting 2008 repodoncluded(pages 8 and 18)
“Research commissioned by the CRO Forum suggests that a suitable ratige for

42



cost of capital rate is 2.59%4.5% per annum. This rate is intended to be applied to an
Solvency Capital Requirement (SCR) calibrated to a 99.5% confidence interval over
oneyear time horizori Figure 1 on page 30 of the report shows the Cai€ as a
function of confidence level in thease caséhat they assumedit‘can be seen that

the CoC rate reduces as the level of capitalisation increases, reaching a level of COC
(99.99%) = 2.6% for AAArated companie’s

The CRO Foruns base casealsoassumed a risk free rate of 4k&nce our use of this
rate in our study. Figure 6 in ti&RO report on page 35 shows the sensitivity of the
cost of capital as a function of the calgince level for a range of risk free rates. An
8% risk free rate suggest8#&% CoC, a 5% risk free rat2&% CoC and a 2% risk
free rate a 2% CoC, alt the 99.99% one year confidence level.

The CROForunis analysis of and charts on The Cle@id supporfor our decision to

show the longevity bond pricing &0Cs 0of2% and 3% patrticularly when we are
calculating capital at the 99.95% one year confidence [&aelquantum of economic
capital at this level is much higher than at the 99.5% levediwikiconsistent with the

use of a lower cost of capital.
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