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Abstract

This paper provides new evidence on individual preferences over annuities and lump sum pay-

ments based on hypothetical questions posed in the DNB Household Survey in 2010. In contrast

to the majority of papers in the annuitization puzzle literature, this study controls explicitly for

the subjective survival probability (SSP) which, as a perceived measure of longevity risk, is key in

deciding about whether to annuitize. We model this decision in a life-cycle framework in the spirit

of Brown and Poterba (2000) and compute a utility-based measure of annuity value for singles and

couples. However, we depart from them in the way we account for the uncertainty of the time

horizons agents face in this decision. We find that people expecting to live longer claim to prefer

the annuity. This finding is robust to controlling for bequest motives and for far-off target ages.

In addition, we find that individual preferences are consistent with subjective survival probabilities

but not with actuarial ones. Combined with the empirical evidence that individuals tend to un-

derestimate systematically their life expectancy, our findings have strong policy implications. Most

importantly, helping individuals better estimate their longevity risk may resolve the annuitization

puzzle more effectively than forcing their actions.
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1 Introduction

Life expectancy has improved substantially since the past decades and it has ac-

celerated in recent years in all advanced countries. According to the most recent

World Health Statistics, life expectancy at birth in the Netherlands has increased

between 1990 and 2008 from 74 to 78 years for males, and from 80 to 82 years for

females. In the same period, the adult mortality rate, defined as the probability

of dying between 15 and 60 years, has decreased from 11.6 percent to 7.8 percent

for males, and from 6.7 percent to 5.7 percent for females. The declining female

advantage in life expectancy is observed in the US as well (Vallin, 1991) and seems

to be largely driven by behavioral factors (namely smoking) rather than biological

factors (Pampel, 2002). Providing adequate insurance for late-life consumption has

become a high priority item on the agenda of policy makers in ageing societies.

As the only contract that acts as insurance against longevity risk, the annuity

should always be chosen by risky individuals, even in the presence of a bequest

motive (Yaari 1965; Davidoff et al. 2005). Yet, empirical evidence from several

countries shows that only a small fraction of individuals voluntarily buy annuities

(James and Song 2001; Johnson et al. 2004; Beatrice and Drinkwater 2004). The

combination of these two facts is known as the “annuitization puzzle”.

Several potential explanations for this puzzle have been suggested in the litera-

ture. They include both supply side reasons—e.g. highly priced annuities due to ad-

verse selection and administrative costs (Brown et al. 1999, 2001; Cannon and Tonks

2004, Finkelstein and Poterba 2004)—and demand side motives—e.g. intra-family

risk sharing (Kotlikoff and Spivak 1981), liquidity constraints and large out-of-pocket

health expenditures (Palumbo 1999; De Nardi et al. 2010), and a preference for be-

quests (Friedman and Warshawsky 1990; Vidal-Melia and Lejarraga-Garcia 2006).

More recently, alternative behavioral explanations have been suggested, such as

framing or default effects (Bütler and Teppa 2007; Agnew et al. 2008; Brown et al.

2008).

This paper follows a different approach as it focuses on longevity risk, a likely

key driver in the decision to annuitize that has been neglected in the literature to

date. Information about life expectancy can be elicited directly, by asking individu-

als about their subjective survival probabilities (SSP from now on), and indirectly,

by examining parental longevity. Both measures have drawbacks (e.g. focal points,

rounding effects), but overall, they seem to convey meaningful information on indi-

vidual longevity. There is evidence from the Health and Retirement Survey (HRS)

that SSP contain useful information on survival expectations. They have been found

to correlate with known mortality risk factors and to predict actual mortality—
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although less well so once self-assessed health is controlled for (Siegel et al. 2003).

Furthermore, they are claimed to approximate actuarial survival probabilities (Hurd

and McGarry 1995; Smith et al. 2001; Hurd and McGarry 2002). The English Lon-

gitudinal Study of Ageing (ELSA) data have been used to test the predictive power

of SSP for actual mortality, and it appears that such probabilities systematically

underestimate those reported in actuarial life tables (Banks et al. 2004; O’Donnell

et al. 2008). More recently, SSP for the Netherlands have been used to analyze

retirement intentions and actual behavior (van Solinge and Henkens 2010).

In this paper, we use subjective survival probabilities as measures of perceived

longevity risk in a simple life-cycle model of annuity choice based on hypothetical

questions posed in the DNB Household Survey in 2010. This survey (henceforth

DHS) is a longitudinal study on various economic and psychological aspects of the

financial behavior of Dutch households. It is run at CentERdata, located at Tilburg

University and sponsored by De Nederlandsche Bank. We compute a utility-based

measure of annuity value for singles and couples in the spirit of Brown and Poterba

(2001), but depart from them in the way we account for the uncertainty of the time

horizons agents face in this decision. We find that people expecting to live longer

prefer the annuity. This finding is robust to controlling for bequest motives, which

is the other main determinant for the choice of lump sum payments. We also find

that actuarial survival probabilities are insignificant determinants of the annuity de-

mand, suggesting that individual preferences reflect subjective survival probabilities

and not those implied by mortality tables. The relevance of this paper is twofold.

First, it delivers an important empirical result on the role of the SSP that had not

yet been directly tested in the literature. Second, combined with the empirical ev-

idence that individuals on average tend to systematically underestimate their life

expectancy, our findings have important policy implications. In particular, helping

individuals better estimate their longevity risk may resolve the annuitization puzzle

more effectively than forcing their actions. This issue is especially relevant in the

Netherlands, where all retirement income has to be annuitized. Letting individuals

choose the form of their retirement income might in fact lead to welfare improving

outcomes.

The paper is organized as follows. Section 2 provides a brief overview of the

Dutch pension system. Section 3 describes the data used in the empirical analysis.

Particular emphasis is devoted to the subjective survival probability, its elicitation

and its relation to major individual socio-economic characteristics. Section 4 devel-

ops our theoretical model for the annuitization choice and Section 5 describes the

empirical model. Section 6 reports and discusses the empirical results. Section 7

concludes.
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2 Institutional framework of the Dutch pension

system

The pension system in the Netherlands consists of three pillars.

The first pillar is a general pay-as-you-go old age state pension (Algemene Oud-

erdomswet, AOW) first introduced in 1956. It aims at ensuring a minimum level

of adequate income to the elderly. It is unrelated to labor history and to other

income sources, but it depends on having lived in the Netherlands and on household

composition.

The second pillar is a mandatory (between employer and employees) occupa-

tional career-average pension. This supplementary pension consists of pension fund

and superannuation payments. Pension rights accrued during active working pe-

riod are in many cases indexed to negotiated wage increases (without backloading

accruals for career steps) and pension benefits are often indexed to consumer price

inflation. However, full indexation of pension claims to cost-of-living increases is not

guaranteed, and even nominal “guarantees” are conditional on the coverage ratio of

the pension fund meeting the prudential supervisor’s minimum requirement.

The third pillar consists of individual retirement savings schemes held on a purely

voluntary basis. They mainly consist of annuities received by life insurance compa-

nies and represent a negligible fraction of total pension income.

According to the most recent figures from Statistics Netherlands (Centraal Bu-

reau voor de Statistiek, or CBS), around 1.8 million households received old age

social security benefits in 2010 (CBS, 2012). Nearly nine in ten households received

supplementary pensions and approximately as many generated revenues from private

property. The gross AOW pension averaged 1,070 euro a month for over-65 singles

and 1,520 euro a month for over-65 couples. A much higher degree of dispersion

is found for supplementary incomes. For example, some 5,000 over-65 households

had no additional income sources and 170,0000 over-65 households received no more

than 250 euro in supplementary retirement income on top of their AOW pension. On

the other hand, more than half of over-65 households had supplementary monthly

incomes of 1,000 euro or more.

Figure 1 about here

Second pillar pensions also vary significantly with respect to gender. Single

women most often have lower supplementary incomes than males, mainly as a con-

sequence of discontinuous or shorter working careers. The fraction of single women

with supplementary incomes up to 250 euro a month has dropped significantly from
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25 percent in 2000 to just over 17 percent in 2010. The number of over-65 house-

holds with supplementary incomes below 250 euro a month declined from 214,000

in 2000 to 170,000 in 2010.

On average, AOW accounts for nearly 40 percent of the gross incomes of over-65

households. Supplementary pensions and income from private property contribute

35 and 6 percent to the total gross income, respectively.

Figure 2 about here

For the purposes of this paper, it is important to notice that in the Netherlands,

both old age state benefits and supplementary pensions are received in the form

of an annuity. In a recent study, Brown and Nijman (2011) argue that, contrary

to all other developed countries, pension income might be overannuitized in the

Netherlands. Accordingly, allowing individuals some discretion over the disposition

of the assets in their individual accounts could be welfare improving, as liquidity

needs, precautionary motives, and bequests could be better addressed by a greater

degree of flexibility.

3 The data

The analysis in this paper is based on data collected from households participating

in the DNB Household Survey (DHS). The DHS is an annual panel survey of more

than 2,000 households in the Netherlands that started in 1993. Panel members are

aged 16 years and older. In case of attrition, CentERdata recruits new partici-

pants to maintain the panel size and to keep the panel as representative as possible

on a number of relevant background characteristics such as age, gender, income,

education, and region of residence. The DHS dataset further contains detailed in-

formation on employment status, pension arrangements, accommodation, wealth,

as well as health status, and psychological concepts. The dataset thus provides

the opportunity to combine both economic and psychological aspects of financial

behavior.

3.1 The subjective survival probability (SSP)

This paper focuses on longevity risk and its impact on the choice between an annuity

and a lump sum payment, using survey questions on subjective survival probabil-

ities. The life-expectancy questions given to the respondents strictly follow the

format used in the HRS and in the ELSA:
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Please indicate your answer on a scale of 0 to 10, where 0 means “no chance at

all” and 10 means “absolutely certain”.

SSPXX : How likely is it that you will attain (at least) the age of XX?

The target age (denoted by XX) ranges between 75 and 95 and depends on the

current age of the respondent. In particular, SSP75 is presented to people aged

between 16 and 69; SSP80 is presented to people aged between 16 and 74; SSP85

is presented to people aged between 16 and 79; SSP90 is presented to people aged

between 16 and 84; SSP95 is presented to people aged between 16 and 89. This

implies that for the subgroup of individuals aged up to age 69 the full set of SSPs

are available. Since the answers are on a 0-10 scale, we can interpret value 1 as “1

to 10 percent likely to attain (at least) the age of XX”, value 2 as “11 to 20 percent

likely to attain (at least) the age of XX”, and so forth. This format is very similar

to that used by van Solinge and Henkens (2010). Importantly, these probabilities

are conditional on being alive at a certain age.

Table 1 presents the main summary statistics and Figure 3 shows the histograms

for each subjective survival probability. A careful analysis of these statistics is

needed in order to assess their informative content and to validate the overall quality

of the various SSPs.

Table 1 and Figure 3 about here

The number of observations increases slightly as the target age increases, as

a consequence of the routing in the question design. We can infer that both the

mean and the median value of the SSPs monotonically decline with respect to the

target age. The standard deviation is highest for SSP85 and SSP90, lowest for

SSP75 and roughly stable for the other SSPs. Several dispersion measures, such

as the variance and the standard error of the mean, suggest that the respondents

report lower chances of attaining higher target ages, but the dispersion of dispersion

measures is itself high (!), except for reaching the age of 95.

The distributions of the subjective survival probabilities are all asymmetric but

differ in skewness, which is negative for the three lowest target ages and positive

for the three highest target ages. Obviously, the most left-skewed distribution is

SSP75 and the most right-skewed distribution is SSP95. In addition, the skewness

monotonically increases with the target age; for SSP85, the distribution has roughly

zero skewness and is unimodal (mean = median = mode = 5).

Finally, we report the kurtosis to assess whether the data are peaked or flat

relative to a normal distribution. We observe that the histogram with the highest

kurtosis is that for SSP75, with a distinct peak near the mean value.
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3.2 SSPs and socio-economic variables

The DHS contains information on several background and socio-economic charac-

teristics at the individual and household levels. In this section, we examine how

the SSPs relate to some of these variables, in particular to those for which it is rea-

sonable to expect a meaningful relationship. We know for example from mortality

tables that females have on average a higher life expectancy than males. Similarly,

some empirical international evidence suggests a positive correlation between life

expectancy and level of education on the one hand, and financial situation on the

other. We also expect SSP to be associated with health status. With these ideas in

mind, we select gender, educational level, self-assessed health (SAH from now on),

long-term illness, smoking behaviour, drinking habits, and household income. Table

2 reports the mean values for the background and socio-economic factors of each

SSP.

Table 2 about here

The findings for gender are mixed. Women tend to report higher survival prob-

abilities than men on average, but only in three out of the five SSP values is this

difference statistically significant, and only at the 10-percent level. This finding

contrasts with international evidence of women living longer than men. We thus

examine this more extensively in the next subsection.

The evidence for the level of education is more consistent with previous studies,

as the respondents with higher education tend to have higher survival probabilities

on average for all target ages. This health protective role of education is in line

with the results reported by Cutler, Lleras-Muney and Vogl (2010). In addition,

the difference for SSP75 is marginally significant (10-percent level) whereas that for

SSP80 is more significant (5-percent level). For the highest target ages, the difference

turns out to be insignificant. This finding is rather counterintuitive, but could be

(partly) explained by selective mortality. The individuals who have survived to very

high ages might be the strongest within their cohort and thus more likely to reach

even higher ages. This fact could be of first-order importance and offset the role of

education on survival probabilities.

The picture for self-assessed health is much sharper. For all target ages, the

individuals reporting good or very good SAH systematically report higher average

survival probabilities than those with fair, bad or very bad SAH. The differences are

always strongly significant (1-percent level). Similar evidence is found for long-term

(LT) illness. The respondents who claim to suffer for LT illness report on average

significantly lower survival probabilities than those who claim otherwise. Again the

differences are always strongly significant (1-percent level).
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Both smoking and drinking behaviour seems to be related to SSPs. As expected,

higher survival probabilities are reported by respondents who declare they neither

drink nor smoke, with the difference being strongly significant (at the 1-percent

level) for the three lowest target ages.

Finally, the SSP measures seem to correlate weakly with household income. High

income earners report higher survival probabilities for SSP85, SSP90 and SSP95

only, and the differences have an increasing significance level. We experimented

with several cut-off points in household income but the findings of weak correla-

tion are fairly robust. When interpreting this result, we need to take into account

that it comes from bivariate analysis which is not fully informative. In particular,

low income may indicate the earner is young and hence badly informed about life

expectancy (alternatively, young people may be worried about the probability of dy-

ing before reaching 65). With this in mind, however, the weak correlation between

SSPs and income appears in line with Deaton’s findings that education matters

more than income when analyzing controllable vs. non-controllable diseases (e.g.

cardiovascular vs. all cancer types). In particular, Deaton finds that education is

health protective for controllable diseases only, whereas income is never so.

3.3 Subjective vs. actuarial survival probabilities

Do individuals perceive their longevity risk—and consequently form their subjec-

tive probabilities—correctly? To answer this question, we compare the subjective

survival probabilities from survey data to the actuarial survival probabilities from

official mortality tables.

Actuarial survival probabilities are computed from mortality rates provided by

CBS. Since the DHS data refer to 2009, we focus on the actuarial mortality rates

tabulated by age and gender for that year. To compare the two series, we construct

the subjective survival probabilities implied by the SSPs by transforming the SSPs

from the 1-10 scale into percentages.

Figure 4 reports the two series for the probability of reaching (at least) the several

target ages. We only consider individuals aged 50 and over, for whom this kind of

comparison is not affected by potential cohort effects. The upper panel refers to

target ages 75, 80 and 85; the lower panel refers to target ages 90, 95 and 100.

The figure clearly shows that for the lowest target ages, namely 75 and 80,

both males and females underestimate their survival probabilities at all ages. In

addition, this underestimation is quantitatively very strong for some ages (around

25 percentage points for females aged 53 and 69). Perozek (2008) reports similar

evidence from the HRS data for the United States.
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As the target ages increase, individuals seem to estimate much better their sur-

vival probabilities. Males report remarkably accurate subjective survival probabil-

ities for target age 85, while females perform better for target age 95. Interest-

ingly, all individuals report higher subjective than actuarial survival probabilities

for very distant target ages, even if the difference between the two is not large. This

result—pessimism at short horizons and optimism at long horizons—is in line with

Bucher-Koenen and Kluth’s (2012) and Wu’s et al. (2013) findings on German and

Australian data, respectively.

Longevity risk is considerably misperceived across the board, but males appear

to perceive it better at it than females. This fact explains the surprisingly mixed

picture that emerges from Table 2 above. The life expectancy gap in favor of females

is not mirrored in the subjective probability gap by gender, mainly as a consequence

of the stronger misperception of the actuarial probabilities by females than by males.

Overall, the empirical evidence documented so far suggests that the SSPs, de-

spite some limitations, convey meaningful information on individual longevity and

correlate on average relatively closely with several important background and socio-

economic characteristics. These findings are fully in line with the results reported

by van Solinge and Henkens (2010).

At the same time, comparing subjective and actuarial survival probabilities

shows that individuals systematically underestimate their longevity, in some cases

very strongly, especially for females. These findings accord closely with international

evidence (e.g. O’Donnell et al., 2008 for the UK).

Figure 4 about here

9



4 Theoretical model for the annuitization choice

We use a life-cycle model to compute the annuity equivalent wealth (AEW) of a

single or a couple, as in Brown and Poterba (2000). However, we depart from their

set-up by treating survival probabilities differently. To recall, these probabilities are

discounting terms applied to the felicity functions (the u’s below) over and above

the standard discount factor related to time-preference (the β’s). They are meant to

capture the ‘expected’ part of the expected utility maximization program, where the

source of uncertainty is about the time of death. However, there is a fundamental

disconnect between the problem at hand—insuring against the probability of dying

later than expected—and the solution method they apply—backward induction,

in that the latter presupposes that the last period of life is known. It seems more

appropriate to consider life-cycle consumers computing value functions under various

scenarios about their lifespan and weighting them by the scenario probabilities.

That is, instead of evaluating expected discounted felicity functions, we evaluate

the expected value of the lifespan-indexed value functions themselves. The appendix

highlights the issue at hand by comparing these alternatives within a simpler, two-

period version of this section’s model.

Consider first the objective function of a couple without access to annuity mar-

kets. Suppose that the times of death of the wife Tf and the husband Tm are known

and, with no loss of generality, that the husband survives his wife Tf < Tm. The

couple then wishes to maximize

V (w0, Tm, Tf ) =

Tf∑
t=0

βt (u (cmt + λcft) + u (λcmt + cft)) +
Tm∑

t=Tf+1

βtu (cmt) ,

subject to

wt+1 = R (wt + yt − cmt − cft)
wTm+1 = 0,

where β is the discount factor, w0 the couple’s initial wealth, and λ the consumption

spillover parameter capturing the ‘joy of sharing’. We index the value function by

the couple’s initial wealth and the spouses’ lifespan. We also assume for simplicity

that βR = 1 (the model in the appendix relaxes this).

Optimal intra-temporal consumption sharing between spouses when both are

alive yields

cmt = cft,

implying that the couple’s consumption is

ct = cmt + cft = 2cmt.10



For the inter-temporal allocations, it is clear that for t 6= Tf , consumption is

constant

ct = ct+1.

However, for t = Tf ,

(1 + λ)u′
(

1 + λ

2
ct

)
= u′ (ct+1) ,

implying,

ct+1 =
1 + λ

2
u′−1 [(1 + λ)] ct ≡ ϕct.

Therefore, the consumption path is a step function with step ϕ when the wife dies.

The inter-temporal budget constraint is the sum of the per-period ones

w0 +
Tm∑
t=0

βt
(
ymt + yft

)
=

Tm∑
t=0

βtct.

Substituting the optimal consumption path yields

w0 +


Tf∑
t=0

βt
(
ymt + yft

)
+

Tm∑
t=Tf+1

βtymt

 = c0


Tf∑
t=0

βt +
Tm∑

t=Tf+1

βtϕ

 .

Suppose individual incomes ym,f are known and constant, as we will assume when

taking the model to the data. Using indicator functions to characterize which periods

the spouses are alive, we can re-write optimal consumption in matrix form

w0 + ỹB = c0ϕ̃B,

where

ỹ =
[
ym yf ym + yf

]
ϕ̃ =

[
ϕ ϕ 1

]
and

B =
[

1 (m = 1) 1 (f = 1) 1 (c = 1)
]′

3×T

[
1 β ... βT

]′
T×1

.

The column vector 1 (i = 1) is the zero-one indicator vector for the state (male, or

female, or couple), and T ≥ max (Tm, Tf ). Of course, B is a function of Tm and Tf .

Consider now the same objective function, but for a couple who decides to an-

nuitize its wealth, such that the annuity payment is

bt = γw0
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if either the couple or the annuity owner alone is alive at t, and

bt = γτw0

if the survivor is not the policy owner. Thus γ is the annuitization ratio and τ ≤ 1

is the dependent payout ratio, both of which we take as given. The set of period

budget constraints is

w1 = R (b0 + y0 − cm0 − cf0)

wt+1 = R (wt + bt + yt − cmt − cft) , t ≥ 2

wTm+1 = 0,

where the first line indicates that initial wealth is traded for the annuity payment.

The same Euler equations go through as above, yielding a step function for the

couple’s consumption path. However, the inter-temporal budget constraint is now

Tm∑
t=0

βt
(
bt + ymt + yft

)
=

Tm∑
t=0

βtct.

Again, we substitute the consumption path in the constraint. In matrix form, this

yields

(γw0τ̃ + ỹ)B = c0ϕ̃B

where, without loss of generality,

τ̃ =
[

1 τ 1
]

if the husband is the policy-holder.

Finally, the value function takes a simple form

V (w0) =

Tf∑
t=0

βt2u

(
1 + λ

2
c0

)
+

Tm∑
t=Tf+1

βtu (ϕc0) .

Assuming constant relative risk aversion,

u (c) =
c1−ρ

1− ρ
,

we have

ϕ =
1

2
(1 + λ)1− 1

ρ

and

V (w0) =
1

ϕ
u (ϕc0)


Tf∑
t=0

βt + ϕ

Tm∑
t=Tf+1

βt

 ,
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which we can write in matrix form as

V (w0) =
1

ϕ
u (ϕc0) ϕ̃B.

We can then evaluate value functions for all configurations of B = B (Tm, Tf ). If

the maximum survival length is T = max (Tm, Tf ), we have T 2 such configurations

to compute. The case of a single life-cycler is obtained by setting ϕ = τ = 1 and

Tf = 0.

Consider first the case of a single. His value function when choosing the lump

sum option is

VL (w0) = u

(
w0

BT

+ y

)
BT ,

with BT =
∑T

t=0 β
t. His value function if he annuitizes is

VA (w0) = u (γw0 + y)BT .

Clearly, the annuity equivalent wealth x conventionally defined as the extra wealth

needed to generate indifference,

VL (w0 (1 + x)) ≡ VA (w0) ,

takes the simple form

1 + x = γBT .

For couples, we have the equivalent definitions

VL (w0) = u

(
ϕ
w0 + ỹB

ϕ̃B

)
1

ϕ
ϕ̃B

VA (w0) = u

(
ϕ
γw0τ̃B + ỹB

ϕ̃B

)
1

ϕ
ϕ̃B,

yielding the expression

1 + x = γτ̃B,

where again, B and thus VA and VL are understood to depend on Tm and Tf .

Several comments on this analytical result are in order. As expected, the AEW

depends on the terms of the contract γ and τ and on discounting. However, the AEW

does not depend on the independent income flow y, which we would have expected to

matter because it partly substitutes for annuity income. Furthermore, it would not

depend on survival probabilities if these were compounded in the utility discounting,

because they net out when comparing utilities with and without annuitization (the

short model in the appendix makes this explicit). Quite crucially, it does not depend

on risk aversion. The reason is clear when comparing VL and VA and has a flavor
13



of the envelope theorem: the annuitization choice is all about the size of the pie,

while risk aversion is about how to slice it optimally. This last point runs counter to

the main result in Brown and Poterba (2000), and Bütler and Teppa (2007), where

these authors find with numerical methods that the AEW is sensitive to the risk

aversion parameter.

As argued above, we believe it is more useful to consider lotteries over survival

times. Thus, if we define lotteries for singles as

LL (w0) =
T∑
t=0

ptVL (w0, t)

LA (w0) =
T∑
t=0

ptVA (w0, t) ,

where the pt’s are the probabilities of surviving until t, we can define the AEW as

satisfying

LL (w0 (1 + x)) ≡ LA (w0)

This implies, with Bt =
∑t

i=0 β
i, that

T∑
t=0

ptBtu

(
w0 (1 + x)

Bt

+ y

)
=

T∑
t=0

ptBtu (γw0 + y) .

Calling zt ≡ yBt
w0

the fraction of lifetime income out of initial wealth, we can write

this as
T∑
t=0

ptB
ρ
t

[
((1 + x) + zt)

1−ρ − (γBt + zt)
1−ρ] = 0,

which defines an implicit function for x. It is essentially a present discounted value

version of the simpler definition of AEW, but it reflects the determinants we would

intuitively associate with annuitization choice. In particular, comparative statics

show that x depends positively on risk aversion ρ and on a first-order stochastic

dominance shift in p, and negatively on the fraction of lifetime income z and dis-

counting β.

Similarly, define lotteries for couples as

LL (w0) =
Tm∑
tm=0

Tf∑
tf=0

p (tm, tf )VL (w0, tm, tf )

LA (w0) =
Tm∑
tm=0

Tf∑
tf=0

p (tm, tf )VA (w0, tm, tf ) ,
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where p is the associated joint probability of survival, and the functional dependence

on survival times is explicit. The newly-defined AEW over lotteries satisfies

Tm∑
tm=0

Tf∑
tf=0

p(tm, tf ) (ϕ̃B(tm, tf ))
ρ [((1 + x) + z(tm, tf ))

1−ρ − (γτ̃B(tm, tf ) + z(tm, tf ))
1−ρ] = 0

where the fraction of lifetime income out of initial wealth depends on the survival

paths:

z (tm, tf ) =
ỹB (tm, tf )

w0

.

When taking this model to the data, we parameterize γ, β, and τ . We have

income and wealth data for singles and couples, as well as their actuarial and sub-

jective duration, namely

pmt = p (Tm ≥ t) .

To compute the AEW, we require instead hazard rates, which we can back out from

the duration data as follows

p (Tm = t) = p (t ≤ Tm < t+ 1)

= p (Tm ≥ t) p (Tm < t+ 1)

= pmt (1− pmt+1)

and

p (tm, tf ) = p (Tm = tm, Tf = tf )

= p (Tm = tm) p (Tf = tf )

= pmtpft (1− pmt+1) (1− pft+1)

Recall that the subjective duration data are obtained from respondents who are

asked to estimate their probabilities of survival to ages 75 to 95 in five-year incre-

ments. We either interpolate or fit these probabilities with a second-order polyno-

mial to obtain annual estimates of subjective probabilities. We then compute the

AEW for all couples and singles in our data set that are younger than 65 and have

positive wealth (for there to be a meaningful choice of annuitization), according to

the formulas above.

5 The empirical model

5.1 The dependent variable

The dependent variable in our empirical approach is derived from hypothetical ques-

tions on preferences over a full annuity or a partial lump sum payment upon retire-

ment. The first question reads as follows:
15



Imagine you are 65 years old, and you are receiving AC 1,000 per month in state

pension. Suppose you were given the choice to lower that benefit by half, to AC 500

per month. This one-half benefit reduction would continue for as long as you live. In

return you would be given a one-time, lump sum payment of [AC 93,000 (for females)

/ AC 81,000 (for males)].

Would you take the AC 1,000 monthly benefit for life, or the lower monthly benefit

combined with the lump sum payment?

This initial question is asked to all respondents in the sample, irrespective of

their working status and age. At this stage, the respondents are given a fair deal.

The lump sum payment is computed to be actuarially fair and thus the amount

differs by gender: Females are confronted with a payment of 93,000 euros, males

with 81,000 euros. The choice is then between a full annuity and a partial lump

sum payment. For simplicity, from now on we omit the words “full” and “partial”

when referring to the annuity and the lump sum payment, respectively. However, it

is important to keep in mind, especially when interpreting the empirical results, that

the other polar case of full lump sum payment is never offered to the individuals in

this exercise.

Depending on the answer given to this question, the respondents are asked a

follow-up question, where the lump sum payments is made more (less) attractive

to those individuals who had preferred the annuity (the lump sum payment) in the

first round. Figure 5 reports the structure of the question sequence. Table 3 reports

the mean values of the choice between the annuity and the lump sum payments for

the full sample, as well as by gender and by the presence of children.

Figure 5 and Table 3 about here

The annuity is preferred by slightly more than half of respondents (53 percent)

in Question 1.1 Conditional on having chosen the annuity in Question 1, the annuity

is still largely preferred to the lump sum payment in Question 2a (68 percent vs.

32 percent, respectively). Similarly, conditional on having chosen the lump sum in

Question 1, the annuity is preferred only by 43 percent of individuals in Question

2b. There is evidence of persistent preferences as only 17 percent of individuals

switch from the annuity to the lump sum payment (262 out of 1,564), and only 20

percent of individuals switch from the lump sum payment to the annuity (315 out

of 1,564).

1This is in line with Brown (2001) who finds that 48 percent of the HRS sample reports that

they will annuitize their DC plan.
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The overall picture does not change when choices are differentiated by gender and

by the presence of children. We notice however that males and childless respondents

prefer the annuity the most in Question 1 (55 and 58 percent, respectively). The

difference between males and females is significant at the 5-percent level and the

difference between respondents with and without children is significant at the 1-

percent level in Question 1. No significant differences for respondents having children

is found for the follow-up questions. However, females have a significantly stronger

preference for the annuity in Question 2a (at the 5-percent level), where the lump

sum payment is made more attractive. We also analyzed whether the presence of a

partner and household income matter; in these cases, the differences are insignificant

(the results are available upon request).

We model the decision to annuitize with a standard ordered choice model. The

dependent variable takes value 1 if the annuity is refused both in Question 1 and

in Question 2b; 2 if the annuity is refused in Question 1 and accepted in Question

2b; 3 if the annuity is accepted in Question 1 and refused in Question 2a; 4 if the

annuity is accepted both in Question 1 and in Question 2a. We then run ordered

probit regressions.

In contrast to Bütler and Teppa (2007), who provide empirical evidence on actual

choices, this paper is based on purely hypothetical choices between the annuity

and the lump sum. In fact, the institutional characteristics of the Dutch pension

system prevent us from collecting any actual choices because in the Netherlands all

retirement income has to be annuitized. However, in order to map this hypothetical

choice to reality as tightly as possible, we focus primarily on the sub-sample of

the respondents below age 65. This subgroup consists of 70 percent of the initial

sample, and includes the individuals for whom this hypothetical choice might be

more meaningful. In reality, this choice is typically given upon retirement or some

years prior to retirement. We therefore exclude the oldest fraction of the sample

altogether.

6 Empirical findings

6.1 Does the annuity demand respond to longevity risk?

Table 4 reports the first set of empirical findings. The initial specification (regres-

sion I) includes longevity risk only (via the subjective probability of survival to age

75, SSP75). Specification II includes age (in dummies in order to capture non lin-

earities in the age function), gender (as a female indicator), household gross income

(in classes), and bequest motives. In particular, we consider answers given to the
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following question:

What is the chance that you will leave an inheritance (including possessions and

valuable items) of more than AC 10,000?

We then split the sample of respondents between those who viewed any of the

following statements as important or very important (Regression IIa), and those

who viewed otherwise (Regression IIb):

(-) To save so that I can help my children if they have financial difficulties;

(-) To save so that I can give money or presents to my children and/or grandchildren.

The idea behind this specification is to capture more adequately the role of be-

quest motives and to control for preference for inter vivos transfers. Both elements

imply choosing a lump sum payment over an annuity; accordingly, we expect a

negative estimated coefficient for these variables. Furthermore, we are interested

in whether and how the significance of subjective survival probabilities in the an-

nuitization choice is affected when controlling for these determinants with a priori

offsetting influence.

Finally, regression III controls for an interaction term between the bequest motive

variable and the importance of bequests and inter vivos transfers.

Table 4 about here

The baseline scenario (Regression I) shows that, in the absence of any other

controls, the individual choice between the annuity and the lump sum payment

responds to longevity risk with the expected positive sign and very significantly so.

The respondents reporting higher probabilities to survive until age 75 (included) are

more likely to opt for the annuity, at the 1-percent significance level. The marginal

effect is such that for any additional 10 percent-point increase in the SSP75, the

annuitization probability (in both rounds of choice) increases by 4.1 percent on

average. As an example, if the likelihood of being alive at age 75 increases from 30

to 40 percent, the probability of choosing to annuitize increases by 4.1 percentage

points. An individual whose survival expectations at age 75 jump from 0 percent to

100 percent increases her annuitization probability by 41 percentage points.

Controlling for all other variables (Regression II) does not affect the impact of the

subjective survival probability: individuals with greater expectations of surviving

past 75 are more likely to annuitize. The marginal effect of SSP75 remains robust

(4.5 percent for every 10 percent change in SSP75), the significance level is as strong

as in the baseline specification (1-percent level).
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In addition, age dummies are significant at the 1-percent level. As the age

class of individuals aged between 61 and 64 years serves as reference category, the

negative sign of the estimated coefficients of the age dummies indicates that younger

respondents are less likely to annuitize than those around retirement age. This

finding is in line with the analysis conducted on real choices between the lump

sum versus annuity payout made by retirement-age participants in two Fortune 500

defined benefit plans in the US (one a traditional final-average-pay plan, the other

a cash balance plan), where older participants were much more likely to annuitize

than their younger counterparts. Approximately half of the participants aged 70 and

older chose an annuity, compared with less than 20 percent for participants between

ages 55 and 60 (Mottola and Utkus, 2007). There may be several reasons behind the

young’s stronger preference for lump sum payments. First, young respondents might

not yet be particularly interested in pension-related issues, thus exhibiting a higher

discount rate than older respondents and leading them to prefer to cash out. Second,

liquidity constraints typically bind more earlier in the life cycle. Third, the young

might be less risk averse and thus face higher opportunity costs in forgoing the lump

sum than the elderly. The marginal effect decreases monotonically with age: for any

additional 10 percent-point increase in the SSP75, the annuitization likelihood (in

both rounds of choice) decreases by 17 percent for individuals younger than 30; by

16.2 percent for respondents in their thirties; by 11.7 percent for respondents in

their forties; by 9.8 percent for respondents in their fifties.

Females annuitize significantly less than males, by 7.7 percent at the probability

margin. The higher cash-out rates for women are fully consistent with the findings

of Bütler and Teppa (2007) and can be rationalized by the availability of alternative

sources of income and insurance (husband, family). In fact, household gross income

is inversely related to annuitization intentions, albeit not significantly so.

The variable for bequest motives takes the expected negative coefficient but it is

only significant at the 10-percent level.

When refining the concept of leaving a bequest and restricting the sample to the

individuals who value inter vivos transfers (Regression IIa), the effect of the bequest

motive remains negative and its significance level increases (to the 5-percent level),

despite the drop in the number of observations. Similarly, the longevity risk retains

its positive sign and remains strongly significant (at the 1-percent level). All the

other regressors remain robust and household gross income becomes significant at

the 10-percent level. However, running the same specification for the sub-sample

of respondents who do not value inter vivos transfers (Regression IIb), we find

no significant role for the bequest-related variable, while the subjective survival

probability remains strongly relevant.
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For robustness purposes, we run an alternative specification (Regression III)

where we interact the probability of leaving a bequest with the self-reported level of

importance for inter vivos transfer. As expected, the interaction term is significant

(at the 10-percent level) and the negative estimated coefficient indicates that bequest

motives decrease the annuitization probability only for those respondents who are

willing to transfer resources to their offspring.

Overall, our findings suggest that the choice between an annuity and a (par-

tial) lump sum payment is mainly driven by the longevity risk (with a fairly robust

marginal effect) and by the bequest motive. The SSP75 remains very significant

even when controlling for the intention to leave a bequest and its marginal effect is

always larger in all three specifications. The desire to bequeath is the other signifi-

cant determinant on the annuitization choice, though of a much smaller magnitude.

These two drivers pull the choice in opposite directions, and the empirical findings

show that the bequest motive does not dominate the longevity risk.

As further robustness checks, we run several specifications by including addi-

tional background characteristics (e.g. level of education, marital status, number of

children), financial assets (e.g. household wealth, both net and gross), and health

variables (e.g. self-assessed health, number of visits to the medical doctor). All

these controls turned out to be insignificant; we therefore decided not to report

these regressions, but concentrate on the above mentioned specifications.

6.2 Do different time horizons in measuring longevity risk

matter?

The empirical evidence described in the previous subsection is based on the subjec-

tive survival probabilities to age 75 (SSP75). This subsection focuses on the effect

of longer horizons, which policy makers may arguably be more concerned about.

We perform the same exercise for any of the other SSPs available, namely SSP80,

SSP85, SSP90 and SSP95. Table 5 presents the empirical findings for the subjective

survival probability of reaching the highest target age (SSP95). The model specifi-

cations are also the same as those used in Table 4. Although the question on SSP95

is asked to the entire age distribution, the models in Table 5 have been estimated

for the same sub-sample of respondents as for Table 4, namely the respondents aged

less than 65. The rationale behind this age restriction is that we aim at exploring

whether different time horizons have a different impact on the annuitization choice.

Table 5 about here

The picture that emerges from this set of regressions is fairly similar to the

one presented above. The SSP95 is again a very highly significant determinant
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of the preference between the annuity and the lump sum payment. Lengthening

considerably the horizon (e.g. asking about survival probability 20 years further)

does not diminish predictive power. We only notice a somewhat lower marginal

effect than for SPP75. This finding is very relevant for policy makers, as it suggests

that individual can make consistent choices even when confronted with the risk of

reaching very high ages.

The preference for leaving a bequest turns out to be the other strongly significant

factor affecting annuitization intensions, with a fairly robust magnitude effect.

As a robustness check, we perform the same analysis also for any other SPPs

available. The overall picture remains unchanged (results available upon request).

6.3 Are actuarial survival probabilities superior predictors

of the annuity demand?

Up to this point, we used survival probabilities as direct control variables in the

annuitization choice. In this section, we run the same specifications as before but

control for the AEW developed in Section 4 in place of the direct survival probabili-

ties. Table 6 reports the empirical findings. We focus on three alternative measures

of AEW. We consider an AEW based on actuarial survival probabilities (Regres-

sions Ia to IIIa), one based on interpolated subjective probabilities (Regressions Ib

to IIIb) and a third based on second-order polynomial fitted probabilities (Regres-

sions Ic to IIIc). We assume log-utility (ρ=1), an annuitization ratio γ of 8%, a

utility spill-over λ of 0.25, an interest rate R of 3% (recall βR = 1) and a dependent

payout ratio τ of 70%.

Table 6 about here

Since the mechanism used to compute the AEW requires information on income,

wealth and SSPs for both spouses, missing values reduce the number of observations

dramatically (about half) in these regressions compared to the previous ones. Nev-

ertheless several interesting results stand out.

All measures of AEW are estimated with the expected positive sign. However

the AEW based on actuarial survival probabilities is never significant in any of the

regressions, whereas the AEW computed with the SSPs enters significantly (at least

at the 10-percent level) in all regressions. Second-order polynomial fitted subjec-

tive survival probabilities are slightly better predictors than interpolated SSPs. It

is interesting to notice also that the marginal effects are lower for AEWs based on

actuarial survival probabilities than for AEWs based on the subjective ones. As
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an example, we find that a one percentage point increase in the annuity equiva-

lent wealth leads to a 0.19 percentage point increase in the probability of choosing

the annuity in regression Ia, and that a one percentage point increase in the an-

nuity equivalent wealth leads to a 0.30 percentage point increase in the probability

of choosing the annuity in regressions IIa and IIIa. Similar results are found for

specifications b and c.

Taken together, these findings suggest that preferences for or against annuities

reflect consistently individuals’ genuine subjective beliefs about survival rather than

actuarially tabulated probabilities.

Another important difference with respect to previous subsections is that the

bequest motive vanishes completely. However, the number of children (added as

additional control) can be interpreted as a proxy for bequests. Having more children

is associated with lower probabilities of claiming a preference for annuities when

subjective survival probabilities are involved (at the 10-percent level significance

level only).

7 Conclusions

This paper provides new evidence on individual preferences over annuities and lump

sum payments based on hypothetical questions posed in the DNB Household Survey

in 2010. In contrast to the majority of papers in the annuitization puzzle literature,

this study controls explicitly for the subjective survival probability which, as a

perceived measure of longevity risk, is key in deciding about whether to annuitize.

The main results can be summarized as follows. First, we find that the SSPs

convey reasonably meaningful information on individual longevity, and on average

correlate relatively closely with a number of background and socio-economic char-

acteristics. Second, individuals make their choices consistently in line with their

survival expectations. In particular, people expecting to live longer prefer the annu-

ity. This finding is very robust to a number of alternative specifications, including

regressions that account explicitly for bequest motives. Overall, the choice seems to

be significantly driven by these two opposite forces. All the other controls are totally

irrelevant for the choice: education level, household wealth (net and gross), children,

and marital status play no significant role in the annuitization choice. Third, ex-

tending the horizon in measuring longevity risk does not diminish the predictive

power of subjective survival probabilities. Our finding of a very strong role for SSPs

is robust when far-off ages are involved and represents very relevant evidence on the

longevity risk policy makers are ultimately concerned about. Fourth, actuarial sur-

vival probabilities are insignificant determinants of the annuity demand, implying
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that individual preferences reflect the subjective survival probabilities and not those

implied by mortality tables.

The relevance of this paper is twofold. First, it delivers an important empirical

result on the role of the SSP that has not been directly tested in the literature about

the annuitization puzzle. In addition, given that individuals tend to underestimate

their life expectancy systematically, especially for lower target ages, the finding

that people choose the annuity in line with their survival probabilities has strong

policy implications. The annuitization puzzle may be better alleviated by helping

individuals assess correctly their perceived longevity risk, rather than by forcing

their actions.

We plan to extend this paper in a number of directions. One idea is to frame the

choice between the annuity and the lump sum differently and test for the presence of

framing/wording effects. Another idea is to investigate the role of the SSPs in real

rather than in hypothetical choices. These extensions are left for future research.

8 Appendix

This appendix streamlines the models in Brown and Poterba and in this paper to

highlight the differences in the treatment of survival probabilities. Thus, consider a

single agent with initial wealth w, facing a discount rate β, a return R, a probability

of surviving two periods p, and choosing between annuitization and lump-sum pay-

ments to insure against longevity risk. Brown and Poterba’s approach is to model

the problem as choosing between the optimized values of

V L
2 (w) = u(w − s) + βpu(Rs)

if the agent does not annuitize, and

V A
2 (w) = u(γw − s) + βpu(γw +Rs)

if he does, where saving s is the choice variable and γ the annuity ratio. Staring

at these two definitions long enough should convince that the choice must be in-

dependent of the preferences environment (the functional elements of the objective

function), since the terms of inter-temporal allocation are the same in both cases.

But the choice must depend on the budget constraint, namely replacing an initial,

one-period stock w with a two-period flow γw. Thus, what matters is the size of

the pie, not the way it is sliced. More formally, consider that if the agent chooses

to go lump sum, optimal allocation requires

u′(w − s) = Rβpu′(Rs)
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implying

s =
1

1 + φR
γw

and the value function (the objective function evaluated at the optimal choice of

saving) is

V L
2 (w) = u

(
φ

1 + φR
Rw

)
+ βpu

(
1

1 + φR
Rw

)
where φ = u′−1(Rβp). If the agent chooses annuitization instead, then

u′(γw − s) = Rβpu′(γw +Rs)

implying

s =
1− φ

1 + φR
γw

and

V A
2 (w) = u

(
φ

1 + φR
(1 +R)γw

)
+ βpu

(
1

1 + φR
(1 +R)γw

)
The annuity equivalent wealth x is a compensating variation measure such that

V L
2 (w(1 + x)) = V A

2 (w)

or

u

(
φ

1 + φR
Rw(1 + x)

)
+ βpu

(
1

1 + φR
Rw(1 + x)

)
= u

(
φ

1 + φR
(1 +R)γw

)
+ βpu

(
1

1 + φR
(1 +R)γw

)
from which it is clear that

(1 + x) = γ

(
1 +

1

R

)
In particular, x is independent of u, β, and p. In the model of section 4, we as-

sumed βR = 1, so the dependence therein on discounting β (which is a preference

parameter) is in fact dependence on the market return R (a feature of hard re-

source constraint). Note furthermore that the structure of the model is not suited

to address the question at hand: we assume away uncertainty about lifespans by

constructing a two-period model from the get go.

Consider the following alternative. Suppose the agent with initial wealth w has

no access to annuitization and lives only one period. Then, trivially,

V L
1 (w) = u(w)

If he lives two periods, his objective function is

V L
2 (w) = u(w − s) + βu(Rs)
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the value function is, with φ ≡ u′−1(Rβ)

V L
2 (w) = u

(
φ

1 + φR
Rw

)
+ βu

(
1

1 + φR
Rw

)
Suppose now he decides to annuitize. If he lives only one period, then

V A
1 (w) = u(γw)

where γ is the replacement ratio. If he lives two periods,

V A
2 (w) = u(γw − s) + βu(γw +Rs)

and along the optimal path

V A
2 (w) = u

(
φ

1 + φR
(1 +R)γw

)
+ βu

(
1

1 + φR
(1 +R)γw

)
Therefore, if

γ∗ < γ < 1

where γ∗ satisfies
u(φ(1 +R)γ∗z)− u(φRz)

u((1 +R)γ∗z)− u(Rz)
= β

we have

V A
1 (w) < V L

1 (w)

V A
2 (w) > V L

2 (w)

In words, if the agent expects to survive two periods, he annuitizes, otherwise, he

opts for lump sum. We therefore have a meaningful trade-off. Consider then two

lotteries

LA = pV A
1 + (1− p)V A

2

LL = pV L
1 + (1− p)V L

2

The agent prefers annuitization if

LA > LL

Define the compensating variation x over the lotteries

LA(w) = LN(w(1 + x))
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Specializing to CRRA utility, after some manipulation, we can solve for this newly-

defined AEW as

1 + x = γ

p+ (1− p)
(
β

1
ρ +R1− 1

ρ

)ρ (
1 + 1

R

)1−ρ

p+ (1− p)
(
β

1
ρ +R1− 1

ρ

)ρ


1
1−ρ

which re-introduces all preference parameters (ρ, β, and p) with the intuitive com-

parative statics
dx

dρ
> 0,

dx

dβ
< 0,

dx

dp
< 0.

That is, preference for annuitization increases with risk aversion and decreases with

discounting and expected shorter lifespans. The model in the main text is a multi-

period version of this two-period model applied to both singles and couples, with

the simplification that βR = 1.
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Table 1: Summary statistics for SSPs

Statistics SSP75 SSP80 SSP85 SSP90 SSP95

Mean 6.66 5.64 4.58 3.27 2.22

Median 7 6 5 3 2

Std.Dev. 1.79 2.06 2.18 2.25 2.08

Variance 3.23 4.26 4.78 5.09 4.32

Std.Err.(mean) 0.05 0.06 0.06 0.06 0.05

Skewness -0.81 -0.50 -0.20 0.32 0.87

Kurtosis 4.11 3.14 2.45 2.25 3.08

N.Obs. 1,188 1,285 1,366 1,401 1,407
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Table 2: SSPs and socio-economic factors (mean values)

Variable SSP75 SSP80 SSP85 SSP90 SSP95

Gender

Female 6.84 5.75 4.52 3.10 2.09

Male 6.72 5.49 4.25 2.86 1.90

Difference 0.12 0.26 * 0.27 * 0.24 * 0.19

Education level

Low level 6.64 5.42 4.25 2.89 1.92

Mid/high level 6.84 5.70 4.42 3.00 2.01

Difference -0.20 * -0.29 ** -0.17 -0.11 -0.09

SAH

Good/Very good 6.99 5.87 4.63 3.20 2.16

Fair/Bad/Very bad 6.03 4.67 3.46 2.16 1.37

Difference 0.96 *** 1.20 *** 1.17 *** 1.04 *** 0.79 ***

LT Illness

Yes 6.48 5.25 3.92 2.60 1.66

No 6.90 5.75 4.55 3.12 2.12

Difference -0.42 *** -0.50 *** -0.63 *** -0.52 *** -0.46 ***

Smoke

Yes 6.32 5.18 4.08 2.70 1.83

No 6.89 5.71 4.43 3.03 2.02

Difference -0.57 *** -0.53 *** -0.35 ** -0.33 * -0.19

Drink

Yes 6.15 4.64 3.52 2.37 1.60

No 6.83 5.68 4.44 3.02 2.02

Difference -0.68 *** -0.94 *** -0.92 *** -0.65 ** -0.42 *

Household income

Larger than 40,000 euros 6.59 5.53 4.50 3.25 2.32

Lower than 40,000 euros 6.82 5.63 4.32 2.88 1.88

Difference -0.23 -0.10 0.18 0.37 * 0.44 **

*** denotes significant at 1-percent level

** denotes significant at 5-percent level

* denotes significant at 10-percent level
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Table 3: Mean values of the choice between annuity and lump sum payments

Choice Question 1 Question 2a Question 2b

Percent N.Obs. Percent N.Obs. Percent N.Obs.

Full sample

Annuity 52.75 825 68.24 563 42.63 315

Lump sum 47.25 739 31.76 262 57.37 424

Total 100 1,564 100 825 100 739

Gender

Female

Annuity 50.29 344 71.80 247 40.52 207

Lump sum 49.71 348 28.20 97 59.48 141

Total 100 692 100 344 100 348

Male

Annuity 55.16 481 65.70 316 44.50 174

Lump sum 44.84 391 34.30 165 55.50 217

Total 100 872 100 481 100 391

Difference -5.45 ** 6.10 ** -3.98

Children

With children

Annuity 43.28 235 67.66 159 39.94 123

Lump sum 56.72 308 32.34 76 60.06 185

Total 100 543 100 235 100 308

No children

Annuity 57.79 590 68.47 404 44.55 192

Lump sum 42.21 431 31.53 186 55.45 239

Total 100 1,021 100 590 100 431

Difference -14.51 *** -0.81 -4.61

*** denotes significant at 1-percent level

** denotes significant at 5-percent level

* denotes significant at 10-percent level
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Table 4: Annuity choice and SSP75 - ordered probit estimates

Variable I II IIa IIb III

Coefficient Coefficient Coefficient Coefficient Coefficient

[Marg.eff.] [Marg.eff.] [Marg.eff.] [Marg.eff.] [Marg.eff.]

(Std. Err.) (Std. Err.) (Std. Err.) (Std. Err.) (Std. Err.)

SSP75 0.116 *** 0.132 *** 0.128 *** 0.117 *** 0.134 ***

[0.041] [0.045] [0.043] [0.041] [0.045]

(0.019) (0.021) (0.031) (0.026) (0.022)

Age 17-30 years -0.493 *** -0.942 ** -0.741 *** -0.735 ***

[-0.170] [-0.315] [-0.258] [-0.250]

(0.164) (0.429) (0.272) (0.254)

Age 31-40 years -0.470 *** -0.492 *** -0.476 *** -0.482 ***

[-0.162] [-0.164] [-0.165] [-0.164]

(0.130) (0.176) (0.156) (0.131)

Age 41-50 years -0.339 *** -0.381 ** -0.406 *** -0.365 ***

[-0.117] [0.127] [-0.141] [-0.124]

(0.121) (0.170) (0.145) (0.122)

Age 51-60 years -0.284 ** -0.190 -0.392 *** -0.307 ***

[-0.098] [-0.063] [-0.136] [-0.104]

(0.115) (0.161) (0.138) (0.115)

Female indicator -0.226 *** -0.265 ** -0.266 ** -0.273 ***

[-0.077] [-0.088] [-0.092] [0.093]

(0.086) (0.128) (0.104) (0.092)

HH gross income (categories) -0.022 -0.036 * -0.021 -0.030 *

[-0.007] [-0.012] [-0.007] [-0.010]

(0.015) (0.022) (0.018) (0.016)

Chances of bequest (in %) -0.019 * -0.034 ** -0.013 -0.012

[-0.006] [-0.011] [ -0.004] [-0.004]

(0.010) (0.015) (0.012) (0.011)

Chances of bequest* -0.024 *

Importance of bequest [-0.008]

(0.013)

Log-likelihood -1327.029 -1142.190 -533.684 -783.121 -1054.773

Pseudo R2 0.013 0.024 0.032 0.024 0.030

N.Obs. 1000 871 411 596 808

The table reports ordered probit coefficients, standard errors and marginal effects on the probability of

choosing the annuity at both rounds.

The dependent variable takes value 1 if annuity is refused at both rounds; 2 if annuity is refused

at first round and chosen at second round; 3 if annuity is chosen at first round and refused

at second round; 4 if annuity is chosen at both rounds.

All regressions are based on the subsample of respondents aged 17-64 years.

Regression IIa : respondents who intend to bequeath or to give inter-vivos transfers

Regression IIb : respondents who do not intend to bequeath nor to give inter-vivos transfers

*** denotes significant at 1-percent level; ** denotes significant at 5-percent level

* denotes significant at 10-percent level
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Table 5: Annuity choice and SSP95 - ordered probit estimates

Variable I II IIa IIb III

Coefficient Coefficient Coefficient Coefficient Coefficient

[Marg.eff.] [Marg.eff.] [Marg.eff.] [Marg.eff.] [Marg.eff.]

(Std. Err.) (Std. Err.) (Std. Err.) (Std. Err.) (Std. Err.)

SSP95 0.097 *** 0.109 *** 0.108 *** 0.084 *** 0.106 ***

[0.034] [0.037] [0.036] [0.029] [0.036]

(0.016) (0.018) (0.026) (0.022) (0.018)

Age 17-30 years -0.478 *** -1.026 ** -0.771 *** -0.772 ***

[-0.164] [-0.340] [-0.269] [-0.262]

(0.168) (0.430) (0.274) (0.255)

Age 31-40 years -0.575 *** -0.623 *** -0.556 *** -0.591 ***

[-0.197] [-0.206] [-0.194] [-0.201]

(0.132) (0.180) (0.160) (0.134)

Age 41-50 years -0.415 *** -0.483 *** -0.472 *** -0.443 ***

[-0.142] [0.160] [-0.165] [-0.150]

(0.123) (0.172) (0.149) (0.124)

Age 51-60 years -0.307 *** -0.202 -0.417 *** -0.334 ***

[-0.105] [-0.067] [-0.145] [-0.113]

(0.116) (0.163) (0.141) (0.117)

Female indicator -0.214 ** -0.271 *** -0.241 ** -0.248 ***

[-0.073] [-0.090] [-0.084] [0.084]

(0.087) (0.130) (0.105) (0.092)

HH gross income (categories) -0.013 -0.029 -0.013 -0.019

[-0.004] [-0.009] [-0.004] [-0.006]

(0.015) (0.022) (0.018) (0.016)

Chances of bequest (in %) -0.015 -0.040 *** -0.007 -0.008

[-0.005] [-0.013] [ -0.002] [-0.002]

(0.010) (0.015) (0.012) (0.011)

Chances of bequest* -0.027 **

Importance of bequest [-0.009]

(0.013)

Log-likelihood -1298.135 -1115.798 -528.483 -767.741 -1035.474

Pseudo R2 0.013 0.025 0.037 0.021 0.029

N.Obs. 978 851 407 583 793

The table reports ordered probit coefficients, standard errors and marginal effects on the probability of

choosing the annuity at both rounds.

The dependent variable takes value 1 if annuity is refused at both rounds; 2 if annuity is refused

at first round and chosen at second round; 3 if annuity is chosen at first round and refused

at second round; 4 if annuity is chosen at both rounds.

All regressions are based on the subsample of respondents aged 17-64 years.

Regression IIa : respondents who intend to bequeath or to give inter-vivos transfers.

Regression IIb : respondents who do not intend to bequeath nor to give inter-vivos transfers.

*** denotes significant at 1-percent level; ** denotes significant at 5-percent level;

* denotes significant at 10-percent level.

34



T
ab

le
6:

A
n

n
u

it
y

ch
oi

ce
an

d
A

E
W

-
or

de
re

d
pr

ob
it

es
ti

m
at

es
(I

a
)

(I
Ia

)
(I

II
a
)

(I
b
)

(I
Ib

)
(I

II
b
)

(I
c
)

(I
Ic

)
(I

II
c
)

C
o
e
ff

.
C

o
e
ff

.
C

o
e
ff

.
C

o
e
ff

.
C

o
e
ff

.
C

o
e
ff

.
C

o
e
ff

.
C

o
e
ff

.
C

o
e
ff

.

[M
a
rg

.e
ff

.]
[M

a
rg

.e
ff

.]
[M

a
rg

.e
ff

.]
[M

a
rg

.e
ff

.]
[M

a
rg

.e
ff

.]
[M

a
rg

.e
ff

.]
[M

a
rg

.e
ff

.]
[M

a
rg

.e
ff

.]
[M

a
rg

.e
ff

.]

(S
td

.E
rr

.)
(S

td
.E

rr
.)

(S
td

.E
rr

.)
(S

td
.E

rr
.)

(S
td

.E
rr

.)
(S

td
.E

rr
.)

(S
td

.E
rr

.)
(S

td
.E

rr
.)

(S
td

.E
rr

.)

A
E

W
(a

c
tu

a
ri

a
l)

0
.5

0
8

0
.6

1
8

0
.6

3
4

[0
.1

8
5
]

[0
.2

2
4
]

[0
.2

3
3
]

(0
.5

8
)

(0
.6

6
)

(0
.6

4
)

A
E

W
(s

u
b

j.
in

te
rp

o
la

te
d
)

0
.8

2
4
∗

0
.9

8
3
∗

1
.1

8
8
∗
∗

[0
.3

0
0
]

[0
.3

5
6
]

[0
.4

3
6
]

(2
.2

1
)

(2
.5

5
)

(2
.9

5
)

A
E

W
(s

u
b

j.
2
n
d

-o
rd

e
r

p
o
l.

)
0
.8

4
6
∗

1
.0

2
1
∗
∗

1
.2

2
0
∗
∗

[0
.3

0
8
]

[0
.3

7
0
]

[0
.4

4
8
]

(2
.2

4
)

(2
.6

1
)

(2
.9

9
)

A
g
e

1
7
-3

0
y
e
a
rs

-0
.5

7
3

-0
.5

5
2

-0
.6

0
6

-0
.5

7
9

-0
.6

2
1

-0
.5

9
5

[-
0
.1

7
7
]

[-
0
.1

7
6
]

[-
0
.1

8
5
]

[-
0
.1

8
2
]

[-
0
.1

8
8
]

[-
0
.1

8
6
]

(-
1
.7

3
)

(-
1
.6

5
)

(-
1
.8

3
)

(-
1
.7

3
)

(-
1
.8

7
)

(-
1
.7

7
)

A
g
e

3
1
-4

0
y
e
a
rs

-0
.3

4
7

-0
.3

3
8

-0
.3

6
0

-0
.3

4
2

-0
.3

6
4

-0
.3

4
6

[-
0
.1

1
9
]

[-
0
.1

1
8
]

[-
0
.1

2
2
]

[-
0
.1

1
9
]

[-
0
.1

2
4
]

[-
0
.1

2
0
]

(-
1
.6

0
)

(-
1
.5

1
)

(-
1
.6

8
)

(-
1
.5

5
)

(-
1
.7

0
)

(-
1
.5

6
)

A
g
e

4
1
-5

0
y
e
a
rs

-0
.0

7
4
2

-0
.0

7
0
4

-0
.0

5
9
0

-0
.0

3
3
7

-0
.0

6
1
5

-0
.0

3
5
5

[-
0
.0

2
6
]

[-
0
.0

2
5
]

[-
0
.0

2
1
]

[-
0
.0

1
2
]

[-
0
.0

2
2
]

[-
0
.0

1
3
]

(-
0
.3

7
)

(-
0
.3

3
)

(-
0
.3

1
)

(-
0
.1

7
)

(-
0
.3

2
)

(-
0
.1

8
)

A
g
e

5
1
-6

0
y
e
a
rs

-0
.2

9
6

-0
.3

3
3

-0
.2

6
6

-0
.2

9
5

-0
.2

6
8

-0
.2

9
8

[-
0
.1

0
5
]

[-
0
.1

2
0
]

[-
0
.0

9
4
]

[-
0
.1

0
6
]

[-
0
.0

9
5
]

[-
0
.1

0
7
]

(-
1
.7

0
)

(-
1
.8

3
)

(-
1
.5

4
)

(-
1
.6

5
)

(-
1
.5

5
)

(-
1
.6

6
)

N
.

c
h
il
d
re

n
-0

.1
0
7

-0
.1

1
0

-0
.1

2
3
∗

-0
.1

3
0
∗

-0
.1

2
3
∗

-0
.1

3
0
∗

[-
0
.0

3
8
]

[-
0
.0

4
0
]

[-
0
.0

4
4
]

[-
0
.0

4
7
]

[-
0
.0

4
4
]

[-
0
.0

4
7
]

(-
1
.9

5
)

(-
1
.8

8
)

(-
2
.2

1
)

(-
2
.2

0
)

(-
2
.2

2
)

(-
2
.2

1
)

H
H

g
ro

ss
in

c
o
m

e
(c

a
t.

)
0
.0

1
2
3

0
.0

2
0
4

0
.0

0
9

0
.0

1
7
4

0
.0

0
8
4
7

0
.0

1
7
5

[0
.0

0
4
]

[0
.0

0
7
]

[0
.0

0
3
]

[0
.0

0
6
]

[0
.0

0
3
]

[0
.0

0
6
]

(0
.6

1
)

(0
.9

5
)

(0
.4

2
)

(0
.8

2
)

(0
.4

2
)

(0
.8

2
)

C
h
a
n
c
e
s

o
f

b
e
q
u
e
st

(%
)

-0
.0

2
4
9

-0
.0

3
0
6

-0
.0

3
0
4

[-
0
.0

0
9
]

[-
0
.0

1
1
]

[-
0
.0

1
1
]

(-
1
.4

8
)

(-
1
.8

2
)

(-
1
.8

1
)

C
h
a
n
c
e
s

o
f

b
e
q
u
e
st

*
0
.0

0
8

0
.0

0
7

0
.0

0
8

*
Im

p
o
rt

a
n
c
e

o
f

b
e
q
u
e
st

[0
.0

0
3
]

[0
.0

0
3
]

[0
.0

0
3
]

(0
.4

1
)

(0
.3

9
)

(0
.4

2
)

L
o
g
-l

ik
e
li
h
o
o
d

-5
5
8
.5

1
6

-5
4
7
.4

5
5

-5
0
4
.9

4
9

-5
5
6
.2

3
7

-5
4
4
.4

1
4

-5
0
0
.7

7
6

-5
5
6
.1

6
3

-5
4
4
.2

4
3

-5
0
0
.6

4
8

P
se

u
d
o

R
2

0
.0

0
0
3

0
.0

1
3

0
.0

1
5

0
.0

0
4

0
.0

1
8

0
.0

2
3

0
.0

0
5

0
.0

1
9

0
.0

2
5

N
.O

b
s.

4
1
8

4
1
5

3
8
6

4
1
8

4
1
5

3
8
6

4
1
8

4
1
5

3
8
6

35



 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: Number of over-65 households by supplementary incomes in addition to

AOW, 2010.
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Figure 2: Gross income components over-65 households, 2010.
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Figure 3: Distributions of the SSPs.

Please indicate your answer on a scale of 0 to 10, where 0 means “no chance at

all” and 10 means “absolutely certain”˙

SSPXX How likely is it that you will attain (at least) the age of XX?

SSP75 is presented to people aged 16 through 64

SSP80 is presented to people aged 16 through 74

SSP85 is presented to people aged 16 through 79

SSP90 is presented to people aged 16 through 84

SSP95 is presented to people aged 16 through 89
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Figure 4: Survival probabilities to reach several target ages - Actuarial vs. subjective.
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1,000 euro per month 500 euro per month &
93,000 / 81,000 euros

QUESTION 1

1,000 euro per month 500 euro per month &
116,000 / 101,000 euros

QUESTION 2a

QUESTION 2b

1,000 euro per month 500 euro per month &
70,000 / 61,000 euros

Figure 5: Choice between annuity and (partial) lump sum payment.

Question 1 is asked to all respondents in the sample, irrespective of their working

status and for all ages. At this stage, the respondents are given a fair deal. The

lump sum payment is computed to be actuarially fair and thus the amount differs by

gender: Males are confronted with a payment of 81,000 euros, females with 93,000

euros. Depending on the answer given to this question, the respondents are asked

a follow-up question. Question 2a is given to the individuals who had preferred the

annuity in the first round: the lump sum payments is made more attractive to them.

Question 2b is given to the individuals who had preferred the lump sum payment in

the first round: the lump sum payments is made less attractive to them.
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