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Abstract

The impact of increasing longevity on pension
provision has become a major concern recently.
More effective management of longer-term mor-
tality risk has been made possible following a re-
cent and innovative bond issue. We analyse the
risk premium embedded in this instrument and
argue that demand for further such instruments
and innovations can be expected.

Introduction

Recent years have seen an increasing desire on
the part of insurers, reinsurers and pension plans
to hedge their mortality risks more effectively.
December 2003 saw the issue of a 3-year bond by
Swiss Re and Vita Capital. This groundbreaking
issue was the first floating-rate bond to link the
return of principal solely to a mortality index.
More specifically, for Swiss Re, the bond was
designed to help hedge their exposure to catas-
trophic mortality risks such as major epidemics
or a terrorist attack (on a scale far greater than
9/11).

Buyers of the bond included a number of pension
funds, for which the bond represented a hedge
against a sudden fall in their pension liabilities
resulting from significantly higher deaths in the
short term than expected.1 However, for pri-
mary insurers and pension plans, this bond was
only a hedge against one particular form of ex-
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1Such an event is, of course, beneficial financially for
pension funds. Pension funds were, nevertheless, pre-
pared to buy the bond because it reduced variability in
the asset-liability ratio and because the bond offered an
attractive return relative to conventional bonds.

treme short-term mortality risk. These finan-
cial institutions are also exposed to many other
forms of mortality risk as well, and the most im-
portant of these are longer-term mortality risks.
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Figure 1: The evolution of mortality: Fitted val-
ues using P-splines for the instantaneous mortal-
ity rate, µ̂(t, x), relative to the 1947 value for the
years t = 1947 to 1999 and for ages x = 21, 31,
41, 51, 61, 71, 81 and 91.

It is now acknowledged that changes in mor-
tality rates over time are only partially, rather
than fully, predictable. Figure 1 shows how mor-
tality rates at different ages have evolved over
time relative to their values in 1947 for UK
males, assured lives (data adapted from Currie
et al, 2004). These data (the values show the
smoothed instantaneous mortality rate2) allow
us to make three observations. First, improve-
ments over the the past 50 years have been sig-
nificant. Second, these improvements look, to
some extent, random. Third, the pattern of im-
provements over time has been different at dif-
ferent ages.

One year on from the issue of the Swiss Re bond,
in November 2004, BNP Paribas announced that
it had arranged for a longevity bond to be is-
sued by the European Investment Bank (EIB)
that goes a very long way towards providing a
solution for financial institutions looking for in-
struments to hedge their long-term systematic
mortality risks. The total value of the issue
was £540 million, and was primarily intended
for purchase by UK pension funds. The concept
and usefulness of longevity bonds have been dis-
cussed for a number of years (Cox et al., 2000,

2Actuaries usually refer to this as the force of mor-
tality.
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and Blake & Burrows, 2001). However, it has
taken time for the capital markets to develop
the finer implementation details of these con-
tracts (even though here the detail is relatively
simple), for both potential issuers and sufficient
investors to decide that the time is right.

The structure of the bond is quite simple. Pay-
ments are linked to a cohort survivor index based
on the realised mortality rates of English and
Welsh males aged 65 in 2003. Payments on the
bond are based on an initial annuity of £50 mil-
lion. We, therefore, set S(0) = £50 million to be
the base value for the index on the issue date.
The payment at time t is then S(t) where the
values are updated recursively as follows

S(t + 1) = S(t).
(
1− q(t− l, 65 + t)

)
(1)

where q(t, x) is the crude (unsmoothed) popu-
lation mortality rate for males aged x in year t
for England and Wales. These rates are pub-
lished on a regular basis by the Office for Na-
tional Statistics3 some time after the end of year
t which explains the requirement for a time lag
of l in (1).

The bond was priced by taking the projected
survival rates produced by the UK Govern-
ment Actuary’s Department4 (GAD). Projected
coupons (payable annually) are plotted in Figure
2) and these were discounted at LIBOR minus
35 basis points to give the issue price.

0 5 10 15 20 25

0

10

20

30

40

50

Year

P
ro

je
ct

ed
 c

as
hf

lo
w

 (
£ 

m
ill

io
ns

)

Figure 2: Projected coupons under the BNP
Paribas longevity bond.

3See http://www.statistics.gov.uk
4See http://www.gad.gov.uk

Was it a good deal?

The fact that the bond is to be issued by the
AAA-rated EIB should ensure that it attracts
a strong rating. However, the risk associated
with differences between experienced mortality
and the GAD projection will be borne by AA-
rated Partner Re. In order that the AA status of
both Partner Re and of BNP Paribas do not ad-
versely affect the longevity bond’s rating, collat-
eral arrangements have been made to minimise
this risk.

One might wish to speculate whether the pen-
sion plans got a good deal or not? The back-
ground theory to the pricing of such securities
can be found in Cairns, Blake and Dowd (2004)
and in Lin and Cox (2004). Here, however, we
will take a much simpler approach given that we
know what the issue price is.
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Figure 3: Annualised spot rates on 18 Novem-
ber 2004 for LIBOR (solid curve), the EIB (sec-
ondary market) (dashed) and gilt STRIPS (dot-
ted).

Suppose, first of all, that actual mortality im-
provements are deterministic and match the
GAD’s projected mortality rates. The discount
rate of LIBOR-35 contrasts with AAA-rated,
fixed-interest EIB bonds which are normally
funded at LIBOR-15 in the primary market.5

We can see from Figure 3 that LIBOR-35 places
us close to the gilts yield curve. The spread of 20
basis points between LIBOR-15 and LIBOR-35
comes mainly from the fact that the future de-
velopment of mortality is stochastic rather than
deterministic.6

5Note though, that the secondary market in fixed-
interest EIB bonds implies pricing at a range of rates
both above and below LIBOR-15, depending on term to
maturity: see Figure 3.

6Lower investment management fees also contributes
to the spread of 20 bps but to a much lesser extent.
Specifically, the longevity bond is intended to be used as
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As a consequence, even if the GAD projection
is accurate ex ante as a mean trajectory, pen-
sion funds are paying a premium to reduce their
exposure to this risk by investing in the bond.
There are four main risks:

• Non-systematic (or sampling) mortality
risk. Even if the survival probabilities are
known the actual number who die each year
is random.

• Systematic mortality improvement risk.
For a given model and parameter set, future
mortality rates will develop in a stochastic
fashion.

• Parameter risk. Parameters are estimated
imprecisely because of the limited amount
of data available.

• Model risk. A number of models will fit
the limited historical data reasonably well
and we cannot tell which of these, if any,
is ‘correct’. Importantly, different models
may give rise to different projections of the
future.

Of these risk factors only the first is relatively
insignificant because the chosen index has a suf-
ficiently large underlying population. A specific
aspect of model risk exists in the use of the GAD
projection as the benchmark for pricing. If it is
believed that this is significantly different from
the true mean then the price paid needs to re-
flect this bias.

The other risk factors are more difficult to han-
dle, but we can illustrate the issues involved with
the following simple model for the development
of mortality rates q(t, x):

q(t, x) =
exp(a(t) + b(t)x)

1 + exp(a(t) + b(t)x)

where (a(t), b(t)) is a vector-ARIMA(1, 1, 0)
time series.7 Figure 4 shows confidence inter-
vals for the proportion of the cohort surviving to
different ages under this model.8 Other models
give similar median projections but confidence
intervals of varying widths. However, the me-
dian projections for these different models all lie
close to the GAD’s projection in Figure 2.

The variance of the log of the proportion of sur-
vivors at age 90 in this graph is about 0.014.

a buy-and-hold asset rather than as an actively-traded
asset.

7The functional dependence of q(t, x) on x is a com-
mon one used by actuaries for higher ages.

8These confidence intervals include allowance for un-
certainty in the mean drift of a(t) and b(t).
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Figure 4: Median (solid line) and 95% confi-
dence intervals (dashed lines) for future cash-
flows.

One can take this as an estimate of the cumula-
tive variance over 25 years used in Black’s model,
giving an estimated average annual volatility of
σ = 2.4%.9 Over 25 years this is a relatively
modest degree of risk by the usual standards
of financial markets, even though it represents
a significant risk to pension funds. However, a
risk premium of 20 basis points for a volatility
of 2.4% per annum is equivalent to a risk pre-
mium of 2% for a volatility of 24% per annum.
For equities a volatility of 24% is slightly high,
though not implausible, whereas a risk-premium
of 2% would normally seem low. This suggests
that valuing each cashflow at LIBOR-35 would,
in this case, underprice slightly the 25-year cash-
flow.

However, shorter-dated cashflows are likely to
be overpriced if valued at LIBOR-35. To see
this, consider Figure 5 which shows V ar[log S(t)]
for different values of t.10 The shape of this
plot reflects the fact that unanticipated changes
in mortality in each year have their effects on
S(t) compounded in each subsequent year. If
this plot showed, instead, a straight line (as we
would find for the Black-Scholes model for eq-
uities, which assumes returns follow a random
walk) then it would be appropriate to apply the
same risk-premium (per annum) to cashflows at
all dates. The convex shape in Figure 5 indi-

9See, for example, Hull (2003), Section 13.8. The cu-
mulative variance is represented by σ2T in the extended
applications of the Black-Scholes formula proposed by
Black. Here T = 25 and σ2T = 0.014, implying that
σ ≈ 0.024 or 2.4%.

10The level of uncertainty reflected in Figure 5 may un-
derstate the true level due to model uncertainty. Assess-
ment of the impact of model uncertainty might include
consideration of medical rather than statistical issues. As
commented above this might account for the differences
between the median in Figure 4 and the GAD projection
in Figure 2.
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cates that short-dated cashflows are relatively
low risk and require a smaller risk-premium than
long-dated cashflows.

To sum up, we might argue that something close
to EIB spot rates might be used to value short-
dated cashflows11 and something over LIBOR-
35 for longer-dated cashflows. Therefore, on av-
erage, LIBOR-35 represents a reasonable com-
promise across all cashflows, but it is difficult
to judge precisely how good a deal the pension
funds got.
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Figure 5: V ar log S(t) corresponding to Figure
4.

Conclusions

The EIB longevity bond represents a pioneer-
ing first step to dealing with long-term longevity
risk. However, we should be aware of its lim-
itations. It does not provide a perfect hedge
against pension plans’ individual mortality ex-
posures: there is basis risk between the reference
population mortality and the mortality experi-
enced by any individual pension plan. Although
we do not have historical mortality tables for
pension plans we can investigate graphically the
possible degree of basis risk by comparing En-
glish and Welsh population mortality with that
of UK male assured lives. The improvements in
mortality over time for different ages can be seen
in Figure 6. It appears from these plots that the
trends in mortality improvements over time for
England & Wales population mortality more or
less matches those for assured lives, except per-
haps at high ages. This suggests that basis risk
is not as high as one might think, and the inter-
est in this issue indicates that the participating
pension funds take this view as well.

11Approximately, LIBOR-25 in the secondary market:
see Figure 3.
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Figure 6: Development of mortality rates over
time relative to 1961 values for UK-males as-
sured lives (dashed line) and England & Wales
general male population (solid line).

If longevity bonds are to provide effective hedge
instruments for the mortality risks actually
borne by pension plans then the EIB bond will
need to be followed by many others, and these
will need to be indexed to the mortality experi-
ences of a much greater range of cohorts.
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