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Abstract

We investigate whether a rare event (like the default of the annuity provider) can explain

the annuity market participation puzzle. High risk aversion is needed to change behavior in

the presence of such a disastrous shock but higher risk aversion also makes annuities more

valuable. Therefore, these rare events are unlikely candidates to explain the low take-up of

voluntary annuities.
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1 Introduction

Why are annuities not voluntarily taken up by a larger number of retirees? In the individual

consumption/savings-portfolio choice literature, a very important participation puzzle arises

from the revealed preference of households not to voluntarily buy annuities at retirement,

despite the strong theoretical reasons that point towards a strong demand for these products.

Specifically, as early as 1965, Yaari demonstrated that risk aversion would be sufficient to

induce a household to buy an actuarily fair annuity as protection against life expectancy

risk. Yet, despite this early strong theoretical result, voluntary annuity demand remains

very low in the data1, what is known as the “annuity market participation puzzle”2.

We investigate the merits of an explanation that is based on the idea that the household

perceives that there is a small probability that the annuity provider will default. The mo-

1More recently, Davidoff, Brown and Diamond (forthcoming) show that complete annuitization is optimal

in a more general setting than Yaari (1965) when markets are complete.
2Mitchell, Poterba, Warshawsky and Brown (1999) find that annuities in the U.S. are not actuarily fair,

while a similar argument is made by Finkelstein and Poterba (2002, 2004) for U.K. data where self selection

in the annuity market is reflected in the price of the annuity. Nevertheless, Mitchell et. al. (1999) argue

that annuity pricing is not sufficient to explain the low take-up and argue that the “money’s worth of

individual annuities” is actually quite good. Friedman and Warshawsky (1990) emphasize the importance of

a bequest motive, and Davidoff, Brown and Diamond (forthcoming) consider habit formation. Another set

of explanations changes the economic environment. Bernheim (1991) and Brown et. al. (2001), for instance,

note that social security could act as a sufficient level of annuity provision.



tivation comes from the observation that the operation of the annuity market involves the

purchaser handing a large lump sum to the provider up front, in exchange for the annuity

payments from then on, without any access to the initial sum thereafter. Nevertheless, if

the household does not have any other savings to fall back on, then the small probability of

a disastrous event can potentially eliminate annuity demand, since the marginal utility of

consumption as consumption approaches zero is infinite3. Moreover, recent experience with

large public companies defaulting (Enron in the U.S. and more relevant for this application,

Equitable Life in the U.K.) implies that households might be concerned with the promises

offered to them by annuity providers. Finally, in a recent survey of annuity owners by the

American Council of Life Insurers (2003) “the stability of the insurance company was the

most influential factor (81%) in deciding which annuity to buy” (p.9).

We quantitatively evaluate the importance of this mechanism in affecting annuity demand

in the presence of other realistic features of the consumer’s objectives during retirement. Our

findings suggest that a small perceived probability of default cannot explain the annuity

market participation puzzle. For a small-probability disastrous event to affect behavior, risk

aversion needs to be high. But for high risk aversion, annuities are more valuable in insuring

mortality risk. As a result, the net effect from our quantitative calculations implies that a

rare event is unlikely to be the main explanation of the annuity market participation puzzle.

The remainder of the paper is organized as follows. In Section 2, we present the model,

solution technique and parameterization. In Section 3, the results are discussed and section

4 concludes.
3A similar approach is taken by Carroll (1997) who shows that a small probability of a disastrous transitory

labor income shock can generate no borrowing, even if households would otherwise want to borrow. In the

same spirit, Rietz (1988) argues that a small probability of a disastrous consumption shock could explain

the equity premium puzzle.
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2 The Model

2.1 Preferences

We model household consumption/saving and annuity choices from retirement onwards.4

The household may either be an individual or a couple in which case the household only dies

when both individuals die. The household lives for a maximum of T periods. We let each

period in the model correspond to one year, and we allow for uncertainty in the age of death

in the manner of Hubbard, Skinner and Zeldes (1995). Let pt denote the probability that

the household is alive at date t, conditional on being alive at date t−1 ( p1 ≡ 1). Household
preferences are then described by the time-separable power utility function:

E1

TX
t=1

βt−1
³Yt−1

j=1
pj
´·

pt
C1−γ
t

1− γ
+ (1− pt)B

W 1−γ
t

1− γ

¸
, (1)

where β is the time discount factor and γ is the coefficient of relative risk aversion. With

probability (1− pt) the household dies and leaves wealth Wt as a bequest. The parameter B

measures the intensity of the bequest motive. In each period t, t = 1, ..., T , the household

chooses optimal consumption Ct subject to certain constraints that depend on the economic

environment (the amount of annuities available). In the first period of retirement, the house-

hold also chooses the level of annuity to be purchased.

2.2 Available real annuity contracts

We study real annuity contracts5. One main component of the analysis involves calculating

the expected present discounted value (EPDV) of the annuity, since the insurance company

uses this value to calculate the price of the product. The EPDV will depend on the annual

annuity payment, the survival probabilities and the term structure of interest rates at the

time of retirement. For instance, if at retirement age the annualized real interest rate on

a bond with maturity t is Rt,1, and the household purchases a real annuity that makes an

4The dynamic model is in the line of the precautionary savings literature models proposed by Deaton

(1991) and Carroll (1997) but the current setup focusses only on decisions after retirement.
5The results continue to hold for nominal contracts but we omit them for brevity.
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annual payment of A, the expected present discounted value (EPDV) of the annuity payouts

is given by:

EPDV =
TX
j=1

A
Qj

k=1pk
(1 +Rj,1)j

(2)

We use this EPDV to determine the cost of buying an annuity at retirement by multi-

plying the EPDV with one plus a load factor (P ) which is greater than or equal to zero,

obtaining a measure of the “money’s worth” of the annuity. If the load factor is zero, then

the annuity contract is actuarially fair and the “money’s worth” equals one6. Empirical

evidence by Mitchell et. al. (1999) illustrates that the load factor varies between 8 and 20

percent depending on different assumptions about discounting and mortality tables; a 20

percent value is suggested as indicative of the transaction cost involved7.

We need to make an assumption on the discount rates applied to future annuity payments

to determine the value of an annuity to an individual. We assume a flat yield curve in

discounting annuity payouts but the results are robust to changing this assumption given

the low observed volatility of real interest rates.

2.3 Retirement Income

At retirement age the household has financial wealth X1, which can be used to purchase

an annuity. In addition, the household is endowed with gross real pension income in each

period, L. We use a lower case letter to denote the natural log of the variable, i.e., l ≡ log(L).
Household j’s real pension income lj is exogenous. Note that the presence of a state pension

does crowd out the demand for annuities to a certain extent but this is realistic feature of
6The annuity premium/load factor (P ) and the money’s worth are therefore defined as:

Annuity Cost = (1 + P )× EPDV

and

Money0s Worth =
EPDV

AnnuityCost
.

7The difference between the EPDV and the premium cost of the annuity covers expenses and other

administrative costs associated with the sales of annuities and normal profits of insurance companies.
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decision-making during retirement. We experiment with different pension levels later on in

the paper because we do recognize the importance of this assumption on the demand for

annuities.

In each period after retirement there is a probability θ that the insurance company

defaults on its liabilities. In this event, the consumer will not receive any annuity payments

thereafter.

2.4 Summary of the household’s optimization problem

In summary, the household’s control variables are {Ct}Tt=1 and at the initial date whether to
purchase an annuity and, if so, how much initial wealth to convert into the annuity. The

vector of state variables can be written as St = {t,Xt, A}Tt=1 where Xt is real liquid wealth

or cash-on-hand and A is the real annuity purchased at retirement.

The equation describing the evolution of real cash-on-hand can be written as:

Xt+1 = (Xt − Ct)(1 +R1,t+1) + Lt+1 +A

This equation assumes that savings are invested in one-period bonds. Uncertainty during

retirement arises from the random probability of death and the probability that the annuity

provider defaults on their obligations.

2.5 Solution technique and Parameterization

This problem cannot be solved analytically. Given the finite nature of the problem a solution

exists and can be obtained by backward induction. We discretize the cash on hand state

variable using a higher number of grid points at lower levels of cash on hand and solve the

model in an annual frequency. We assume a constant real interest rate equal to 2% (the

results are robust to using a mean-reverting process). Period one is taken to be age 65, the

most common retirement age. Conditional survival probabilities for the male population are

taken from the US census from ages 65 to 99. To simplify, we assume that the individual dies

by age 100 with certainty. In the baseline case we use a coefficient or relative risk aversion

equal to 3 and a discount factor equal to 0.98. The bequest parameter is set to zero.
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We choose the probability of default in a very conservative way to explore the range of

outcomes that might be possible under different perceptions about this probability. Specif-

ically, an annual probability of one (five) percent is equivalent to a BB (B) corporate debt

rating by a credit rating agency like Moody’s. The cumulative probability of default within

15 years is then calculated to be around 20% (31%) for a BB (B) company. We view these

as very conservative upper bounds on the probability of default (especially considering the

assumption that the payout to the annuitant in this state is assumed to be zero).

2.6 Wealth Distribution and Pension Income

We will compute aggregate demands for annuities after computing the optimal level of an-

nuity to be purchased. To do that we need the wealth distribution and we use the observed

wealth data for retirees from the 1998 Survey of Consumer Finances (SCF), which offers a

detailed description of U.S. family balance sheets. In order to match the definition of wealth

in our model to the one in the data we add two variables, namely: income (which represents

households’ gross income of the previous year) and financial wealth (which represents house-

holds’ accumulated wealth in financial assets, excluding retirement and housing wealth).

Also, we consider individuals aged between 55 and 70 because these are the ones aproaching

retirement or just retired and therefore representative for the demand of annuities. Pension

income is the median pension income received by retired individuals in the 1998 SCF.

3 Results

3.1 Consumption and Wealth Profiles without Default

Figure 1 graphs the consumption profiles for a median-wealth retiree for three cases in the

absence of a default state. In the first one we exogenously assume that there is no access to

the annuity market and optimal consumption is therefore decreasing during retirement given

the assumptions about the survival probabilities, the discount and the interest rate. In the

second case the consumer picks the optimal annuity level when the load factor is zero. The

consumer optimally annuitizes all wealth and consumes a constant amount which equals the
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state pension and the annuity payout thereafter. In the third case, we assume a 20% load

factor and there is incomplete annuitization: the consumption profile is decreasing for the

first few periods in retirement and then stays flat at the pension and annuity payout.

The wealth profiles (omitted for brevity) reflect these consumption choices. In the con-

stant consumption case, all wealth is spent on purchasing the annuity and wealth drops to

zero after retirement. In the no annuity case, there is decumulation of wealth as consumption

is higher than pension income during most of retirement and the 20% load factor case is an

intermediate profile between these two extremes.

The results illustrate the annuity market participation puzzle since a median wealth

household optimally annuitizes almost all financial wealth at retirement.

3.2 Annuity Demands with Default

We now report a series of comparative statics results to understand the optimal policy

choices of a household in the presence of a positive probability of default. Figure 2 plots the

annuity demand choices as a function of wealth at the time of retirement and the comparative

statics are performed with respect to the probability of default. For low wealth levels the

demand for annuities is zero, reflecting the implicit annuity in the form of the pension

income received during retirement and, more importantly, the inability of a financially-

poor household to purchase an annuity (Lopes, 2003). Higher wealth levels generate a

monotonically increasing demand for annuities, while the shape of the policy function is

similar throughout the probabilities of default.

A higher default probability implies a higher level of weath for which annuity demand

will become positive and, moreover, annuity demand is strictly lower for a given wealth

level. The important question we address is whether the presence of such a perception on

the part of households can have quantitatively large effects on annuity demand and therefore

on the propensity to participate in the annuity market. The figure illustrates that the policy

functions are affected by a very small amount, even in the presence of a sizeable probability

of default at an annual level (5%).

What explains the result that a small perceived probability of default cannot explain the
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annuity market participation puzzle? For a disastrous event to affect behavior, risk aversion

needs to be high. But for high risk aversion, annuities are more valuable in insuring mortality

risk. As a result, the net effect from our quantitative calculations implies that a rare event

is unlikely to be the main explanation of the annuity market participation puzzle.

3.3 Total Annuity Demand

Given that we have computed policy functions for annuity demands as a function of financial

wealth at retirement age and given the observed wealth distribution in the data, we can

combine this information to calculate the total level of annuity demand implied by the

model and the empirical distribution of financial wealth at retirement. Table 1 computes the

change in annuity demand and participation rate in response to changes in the probabilities

of default, for different levels of risk aversion and pension income. The results illustrate that

relative to the no-default case, the participation rate in the population is reduced by very

small amounts even for the high (upper bound) probabilities of default that we are assuming.

Moreover, the total amount of annuities purchased is also reduced by very small amounts

reflecting the results from the policy functions. Table 1 corroborates that annuity demand

hardly changes even in the presence of disastrous events that might occur with a relatively

high probability.

4 Conclusion

We have argued that a small probability of default of an annuity provider (a rare event)

should not reduce the demand for annuities of households with empirically reasonable levels

of risk aversion and wealth levels at retirement. Further work is needed to better understand

what are reasonable models of behavior that can explain limited participation in annuity

markets.
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Table 1: Average Annuity Demand and Participation

Baseline Low Pension Low Risk Aversion

Probability Demand Demand Demand

of default (Participation) (Participation) (Participation)

0% 2.54 (88.4) 2.87 (100.0) 1.38 (53.4)

1% 2.43 (85.0) 2.73 (100.0) 1.24 (49.5)

2% 2.35 (85.0) 2.66 (100.0) 1.10 (47.6)

5% 2.14 (76.5) 2.48 (99.60) 0.70 (33.3)

Notes to Table 1: Demand reports the average annuity demand in thousands of U.S. dollars

per annum, whereas participation reports the percentage of households that will participate in the

annuity market. The low pension experiment decreases the real pension to 5000US$ per annum

and low risk aversion is the case with a relative risk aversion coefficient equal to 0.5.
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Figure 1: Consumption Profiles 

Note to Fig. 1: This figure plots the consumption profiles during retirement for median-wealth retiree
for the case of no annuity access, complete annuitization and incomplete annuitization.

Figure 2: Annuity Demand as a Function of Wealth at Retirement

Note to Fig. 2: This graph plots annuity demand as a function of wealth at retirement for different
levels of probability of default.
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