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1. Introduction

“ ... It is a well-known fact that annuity contracts, other than in the form of
group insurance through pension systems, are extremely rare. Why this should
be so is a subject of considerable current interest. It is still ill-understood.”
Franco Modigliani - Nobel Prize acceptance speech in Stockholm, Sweden,

December 9, 1985.!

Up to this point, relatively little progress has been made in understanding why individuals
behave the way they do with respect to annuity products. From a theoretical perspective,
annuity products are the solution to the current uncertainty with respect to future retirement
income. As demonstrated by Yaari (1965), longevity risk is sufficient to induce a risk averse
household to annuitize all his wealth.> Under more general circumstances, Davidoff et al.
(2005) show that annuitizing all wealth is optimal, as long as annuity markets are complete,
individuals have no bequest motive, and there is a positive premium from purchasing
annuities compared to conventional assets. Nevertheless, in practice few households actually
purchase annuity products. This puzzle has been referred to as the “annuity market

participation puzzle”.

Many explanations for the annuity market participation puzzle have been put forward
from a theoretical perspective. Some of the reasons include incomplete markets as explained
by Davidoff et al. (2005), liquidity constraints and related health uncertainty as argued by
Ameriks et al. (2011), the lack of actuarially fair annuities as suggested by Finkelstein and
Poterba (2002; 2004), bequest motives as put forward by Pashchenko (2013), intra-family risk
sharing as pointed out by Kotlikoff and Spivak (1981), and compulsory annuitization via
Social Security and DB pension plans as argued by Dushi and Webb (2004). However, none
of these explanations seems able to fully explain the annuity market participation puzzle.
Furthermore, most of these explanations have been criticized by others for a variety of

reasons.

The aim of this study is to investigate the existence of a displacement effect between
expected retirement income and the probability that a household participates in the annuity

market. As a consequence of the current uncertainty with respect to future retirement income

! Reprinted in the American Economic Review, Modigliani (1986).
* Longevity risk means uncertainty about length of life.
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related to the current pension reforms, future retirement income relative to expectations will
probably be lower. If a displacement effect, i.e. substitution effect, is in place, this indicates
that annuities might become more important. This is relevant for the society since it directly
influences the disposable income of households for old-age consumption, as well as the sum
of intergenerational transfers, thereby influencing the distribution of wealth among
generations as well as possible tax revenues. Moreover, I control for some of the determinants

of annuity market participation that have been put forward in the literature.

I use data from the DNB Household Survey (DHS), a panel survey that comprises
information on many socio-economic characteristics of the household, including a detailed
breakdown of household income and wealth holdings. Using a pooled probit regression
including transformed year dummies and Mundlak terms, I find a significant displacement
effect for the lower part of the replacement rate distribution.” This finding is robust to the
inclusion of many other determinants of annuity market participation. Additionally, factors
increasing the probability that a household participates in the annuity market include
disposable income, financial wealth, and age. Net worth crowds out annuity market
participation. This suggests that annuities are foremost possessed by the richer part of the
society. Moreover, this indicates that they may suffer the least from the increasing uncertainty

related to future retirement income.

To get a better understanding of the annuity market participation puzzle, reconciling the
theory with empirics is essential (Brown, 2001). This is of major importance for solutions to
the problems stemming from the current uncertainty with respect to future retirement income
for the Dutch working population. This uncertainty is primarily caused by underfunding of the
Dutch pension funds as well as by increasing average life expectancy. To solve for the
resulting problems, different measures have been taken. The two most important are
increasing the statutory retirement age to 67, as well as altering the occupational pension
system from a defined benefit to a defined contribution system. Two recent studies are
conducted by Brown (2001) using U.S. data and Inkmann et al. (2011) using data from the
U.K. These studies yield similar results to my investigation, such as the lack of evidence for a
bequest motive. Some of my results are in line with the analysis of Inkmann et al. (2011),

such as the strong positive impact of financial wealth on the decision to purchase an annuity.

’ The replacement rate measures the expected pension income in percentages to the last net income before
retirement.
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Other results are in line with the analysis of Brown (2001), such as the lack of evidence for
the importance of education and subjective life expectancy. In contrast to the studies of
Brown (2001) and Inkmann et al. (2011), I do not find a significant impact of being married,
possibly caused by the different countries and therefore the different cultures and institutions

investigated.

The remainder of the paper is organized as follows. Section 2 will present an overview of
the theoretically motivated determinants of annuity market participation, as well as an
overview of the Dutch pension system. Section 3 discusses the data set, as well as the

methodology used. Section 4 presents and discusses the results. Section 5 concludes.
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2. Theoretical Framework

Using the classical life cycle savings theory of Modigliani and Brumberg (1954) and
incorporating longevity risk, Yaari (1965) shows that a risk-averse agent should annuitize all
his wealth. Shortly, the prediction can be explained as follows. Imagine an agent who only
cares about his own utility and faces longevity risk. The agent has two options to guarantee
sufficient pension income, by investing his wealth either in a bond or in an annuity. Yaari
(1965) shows that the pension income resulting from the purchase of an annuity will always
exceed the pension income from the investment in a bond. The argument used by Yaari
(1965) is that those who die early subsidize those who live longer, also known as the
“mortality premium”. In fact, by purchasing an annuity the agent will increase his
consumption and eliminates longevity risk. Therefore, the annuity strictly dominates the
investment alternative, as well as other alternatives generating pension income as shown by

Brown (2009).

To obtain this result, Yaari (1965) imposed some strong assumptions with respect to the
absence of a bequest motive, complete annuity markets, actuarially fair annuities, additive
separability, and expected utility maximization. More recently, Davidoff et al. (2005) have
shown that in a more general setting compared to Yaari (1965), the same full annuitization
result is obtained. The only assumptions needed are complete markets, the absence of a
bequest motive, and a positive premium from purchasing annuities compared to conventional
assets (Davidoff et al., 2005). Even in the case of incomplete annuity markets, Davidoff et al.

(2005) show that individuals should still annuitize a large portion of their wealth.

Despite strong theoretical predictions suggesting large benefits to annuitization, few
individuals voluntarily annuitize any of their private savings, an empirical phenomenon
referred to as the annuity market participation puzzle. This puzzle is of interest from a policy
perspective due to the current pension reforms in the Netherlands. These reforms are a result
of increasing average life expectancy of the population as well as underfunding of pension
funds during the crisis. The current pension reforms impose an increase in the statutory
retirement age, from 65 in 2012 to 67 in 2021, as well as a shift of the occupational pension
system from a defined benefit (DB) to a defined contribution (DC) system (Van Santen,
2012). Whereas DB plans offer a fixed monthly payment during retirement and hence provide
a natural insurance against longevity risk, the payoffs of DC plans depend on the

contributions made to and the investment performance of the assets in the employees’ account
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and hence are under control of employees. As a result, voluntary annuities could become

much more important for retirement planning.

Moreover, the puzzle is of interest from a household perspective due to the increasing
uncertainty in future pension income related to the current pension reforms. It therefore
addresses to the developing field of household finance (Campbell, 2006). As described by
Campbell (2006), the field of household finance primarily studies the investment mistakes

made by some households.
2.1 Explanations for the annuity market participation puzzle

Since the article of Yaari (1965), many authors have tried to explain the annuity market
participation puzzle, though little empirical research has been done so far. One study by
Brown (2001) investigates annuity market participation using U.S. data by calculating the
value of having access to an annuity market and relates this to the probability to annuitize. I
follow the method used by Inkmann et al. (2011). The authors investigate annuity market
participation using U.K. data by analysing the empirical determinants using a reduced form
model. Next, the authors check whether the same results hold when using a structural life-
cycle model. I focus on the first, empirical, part of the study of Inkmann et al. (2011), using

Dutch data.

As mentioned, a large number of potential explanations for the annuity market
participation puzzle have been put forward from a theoretical perspective. The most
influential explanations include incomplete markets, liquidity constraints and related health
uncertainty, the lack of actuarially fair annuities due to adverse selection or administrative
load factors, bequest motives and related intra-family risk sharing, and compulsory
annuitization via Social Security and DB pension plans. These potential explanations will be
clarified below. A practical explanation, specific for the Netherlands, is the possibility of a
lack of trust in annuity products and their providers, due to earlier abuses in the Dutch

financial market known as the “Woekerpolisaffaire” and the “Aandelenlease-affaire”.

Following Davidoff et al. (2005), the prediction of full annuitization should break down
whenever there are either incomplete annuity markets or incomplete conventional markets. In
general, annuity markets are not well-developed (Brown, 2009). For example, most annuity
products do not include inflation protection nor is there a fully developed market for annuity

products combining annuities with other forms of insurance, such as medical insurance. Yet,
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despite large mismatches between the annuity products demanded and the annuity products
provided, theory predicts that it is still optimal for a risk-averse individual to annuitize a
positive fraction of wealth, as long as there is a positive premium to annuitizing wealth and

there are complete conventional markets (Davidoff et al., 2005).

Another consequence of incomplete markets is that it could impose liquidity constraints
on the annuity structure (Brown, 2009). For example, it is in general impossible to borrow
against the future value of an annuity, to reverse an annuity, or to change the timing of pay-
outs of an annuity. Liquidity needs for retired individuals are most likely to occur in the form
of medical expenditures. Consequently, precautionary savings could be motivated by health
uncertainty, which negatively influences annuity market participation (Turra and Mitchell,
2008). Therefore the presence of health uncertainty could be another reason for low annuity
market participation (Ameriks et al., 201 1).4 In a more general setting, Rosen and Wu (2004)
find evidence that an individual’s health condition is an important predictor of an individual’s
portfolio choice. Since an annuity product is, due to its nature, even more explicitly linked to
an individual’s health condition, an individual’s health condition could be an especially

important predictor of annuity market participation.

Moreover, the lack of actuarially fair annuities due to adverse selection could explain low
annuity market participation, as shown by Finkelstein and Poterba (2002). Supporting their
argument, Finkelstein and Poterba (2004) show that individuals in the U.K. are using private
information in making annuity purchase decisions. The lack of actuarially fair annuities could
also be caused by administrative load factors. As explained by Brown (2001), if
administrative load factors are high enough to offset the positive premium from annuitization,
this will prevent a rational individual from purchasing annuities. Moreover, Milevsky (1998)
shows that a female (male) of age 65 has a 90% (85%) chance of beating the rate of return of
a life annuity until the age of 80, using Canadian data. In contrast, Mitchell et al. (1999) show

that annuities are not priced too high for individuals without a bequest motive.

Relatedly, inflation risk might also explain low annuity market participation. Inflation risk
might decrease nominal annuity demand, and consequently increase real annuity demand
(Lopes, 2009). However, the author finds that the demand for real annuities has been low and

that the corresponding load factors are high, reducing the value from having real annuities.

* Similar arguments are put forward by Strawczynski (1996), Sinclair and Smetters (2004), and Hurd and Panis
(2006).
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A simulation performed by Lopes (2009) shows that the effect of minimum purchase
requirements in combination with non-actuarially fair annuity provisions is substantial and
could account for a decrease in annuity market participation of up to 40%. Similarly, while an
annuity pays off for many years in the future, it also requires a big upfront investment,
especially when there is a minimum purchase requirement. As studied by Pashchenko (2013),
this minimum purchase requirement is binding for many households, especially in

combination with illiquid housing wealth and preannuitized households’ wealth.

Another prominent line of reasoning for explaining low annuity market participation is the
presence of a bequest motive, as was already put forward by Yaari (1965). Without a bequest
motive, any nonnegative wealth at the time of death does not contribute to an individual’s
utility. Therefore, a rational individual without a bequest motive should not forego the higher
rate of return on annuities. However, with a bequest motive, any nonnegative wealth at the
time of death does contribute to an individual’s utility. Consequently, a result of less than full
annuitization could become optimal. However, evidence with respect to the bequest motive is
mixed (Brown, 2001). While Laitner and Juster (1996), Lockwood (2012), and Pashchenko
(2013) do find evidence in favour of the bequest motive, Brown and Warshawsky (2004) and

Hurd and Panis (2006) do not find evidence in favour of the bequest motive.

Related to the bequest motive, longevity risk sharing within families could be another
reason for low annuity market participation. Annuity insurance markets pool and spread risk
across a large number of individuals. The ability of married households to share risk could
substitute to a large extent for complete annuity markets, as shown by Kotlikoff and Spivak
(1981). Similarly, Brown and Poterba (2000) argue that the utility gain from annuitization is
smaller for married couples compared to singles. Since most households are married, this

finding could explain partially the low demand for voluntary annuity products.

As described by Brown (2009), the field of psychology has increasingly been
implemented to explain individual behaviour that differs from what standard economic
models predict in a wide range of contexts. Several reasons are pointed out why the
understanding of annuity purchase decisions is likely to be enlarged by using insights from
psychology. First, the rather mixed evidence in the explanatory power of rational decision
making suggests that other factors play an important role as well. Second, in other aspects of
the retirement and household finance literature the insights of psychology have already been

influential, known as behavioural economics. Since individuals are likely to exhibit the same
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sort of psychological biases during their entire life, insights from behavioural economics
could also be influential in the annuity purchase decision (Brown, 2009). Hence, behavioural
concepts such as inertia, lack of financial sophistication, and self-control problems could

prevent some households from participating in the annuity market.
2.2 Hypothesis

As mentioned by Dushi and Webb (2004) and by Brown (2009), in practice there has been
a high level of compulsory annuitization through the social security system and occupational
pensions. This level of compulsory annuitization has been particularly high for the
Netherlands (Brown and Nijman, 2012). Brown and Nijman (2012) propose to scale back the
amount of compulsory annuitization in the Netherlands, and only mandate annuitization to the
extent necessary to cover basic needs of retirees. Following the authors, “the Dutch system

may be a case of too much of a good thing is a bad thing”.

As shown by Dushi and Webb (2004) as well as by Pashchenko (2013), there could be a
substitution effect between voluntary annuitization and compulsory annuitization through the
social security system and occupational pensions, also known as a displacement effect. When
employees have a higher absolute level of compulsory annuitization, their basic needs during
retirement are more likely to be covered. Therefore, voluntary annuitization could become
less likely due to the limitations associated with annuities, as mentioned in Section 2.1. The
displacement effect has already been investigated in a more general setting by Attanasio and
Rohwedder (2003) for the U.K. and by Alessie et al. (2013) for Europe. Both articles argue

that a significant displacement effect exists between pension wealth and household savings.

This leads to my hypothesis which states that expected pension income, as measured by
the state old-age pension benefit and occupational pensions, crowds out voluntary annuity
market participation. Therefore, the effect of an increase in future pension income on annuity
market participation should be significant and negative. Hence, my focus is on voluntary
annuitization, and not on compulsory annuitization through the state old-age pension scheme

and occupational pensions.

Additionally, in my model, as explained in more detail in Section 3.3, I analyse the
importance of the potential explanations for the annuity market participation puzzle by

controlling for variables resulting from the theoretical discussion above. While some of these
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explanations seem to be important in theory, for this sample of Dutch households other factors

seem to influence the decision to participate in the annuity market.
2.3 The Dutch pension system

The Dutch pension system is characterised in terms of three pillars (Ministry of Social
Affairs and Employment, 2008).” The first pillar consists of the basic state old-age pension
scheme, which is a flat-rate pension benefit, guaranteeing 70% of the net minimum wage.
This state pension benefit is provided to all inhabitants of the Netherlands aged 65 and above.
Entitlement to the old-age state pension scheme is accumulated at a rate of 2% for each year
that a person lives in the Netherlands. In 2013, the gross monthly benefit amounted to €1,126
for singles and €1,543 for couples (Ministry of Social Affairs and Employment, 2013).

The second pillar consists of occupational pensions, which are mandatory for most
employees. Employees neither have a choice in contributing to a pension fund nor can they
choose which pension fund to contribute to. The employer generally pays the largest part of
the contribution for the occupational pension, which is in fact deferred salary for the
employee. The second pillar is the back-bone of the Dutch pension system. Traditionally, the
Netherlands has one of the largest pension reserves in the world, in per capita terms (Ministry

of Social Affairs and Employment, 2008).

The current pension reforms, as discussed in Section 2, affect the first and second pillar.
In short, the current pension reforms impose an increase in the statutory retirement age
towards 67, as well as a shift of the occupational pension system towards a DC system. The
uncertainty resulting from the political debate and policy measures as well as the financial
crisis could imply a higher level of annuity market participation due to the displacement
effect, where lower expected pension income increases the demand for annuities, as described

by Van Santen (2012) in a more general setting.

The third pillar consists of private pension savings, e.g. annuities, endowments, or private
retirement savings accounts. The annuities investigated in this paper are part of this third
pillar. As shown by Mastrogiacomo and Alessie (2011), the third pillar is less popular in the
Netherlands. In the empirical analysis, 1 control for other forms of wealth holdings, e.g.

housing, investments in stocks and bonds, and bank accounts.

> See Bovenberg and Gradus (2008) for an overview of the Dutch pension system and its reforms.
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3. Data and Methodology

I investigate the existence of a displacement effect between expected retirement income
and the probability that a household participates in the annuity market. Moreover, I control for
some of the determinants of annuity market participation that have been put forward in the
literature. For the empirical analysis, I derive my data from the DNB Household Survey
(DHS). This annual household survey is administered by CentERData, Tilburg, The
Netherlands. The DHS is an internet panel that reflects the Dutch-speaking population, and
internet access is provided to those that do not have access themselves. The DHS was
launched in 1993. I use the DHS data from 2002 until 2012, so that the results are not affected
by changes governing the tax legislation in 2001. The panel survey comprises information on
many socio-economic characteristics of the household, including a detailed breakdown of

household income and wealth holdings.6

I restrict my analysis to households since old-age provision is, generally, a household task
(Schulte and Zirpel, 2010). I focus, in contrast to Inkmann et al. (2011), on households of
which the household head is not yet retired and is aged between 18 and 65, since old-age

provision occurs before retirement (Schulte and Zirpel, 2010).

The questionnaire on assets and liabilities is of great importance for this empirical
analysis. This questionnaire is answered by all household members aged 18 or above, and
subsequently aggregated to the household level.” Questions related to joint household assets
and liabilities are answered by the so-called “financial respondent”. The DHS asks details
with respect to ownership and value on around 40 asset and liability categories, varying from
current accounts to yachts and call options possessed. These asset and liability categories
allow the construction of financial wealth (liquid asset and liabilities, stocks and bonds) as
well as net worth (financial wealth, durable goods, housing wealth minus any debt on them)

. 8
as control variables.

® See Alessie et al. (2002) for an extended description of the portfolio structure of Dutch households.

"1 have aggregated the households employing individual specific data (like age and education) of the so-called
“household head”, who is either the main wage earner, does the financial administration, and in most cases the
“household head” is/does both.

¥ Both variables are corrected for the value of annuities if the household participates in the annuity market.
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Particularly, the DHS asks respondents to indicate whether or not they participate in the
annuity market, and if the respondents participate in the annuity market, the value of the

annuity. The exact wording of the question is as follows:

Question 1. Did you, in or before year T, take out SINGLE-PREMIUM INSURANCES and/or
ANNUITY INSURANCES (pension insurance), which were still in effect on 31 December year
T? Do not include annuity insurance that you have taken out by using money from your
employer-sponsored savings plan, nor include pension arrangements provided by your

employer or professional pension plans here.

The survey software allows the respondents to see (via a hyperlink) the following
definitions of the single-premium insurance and the annuity insurance referred to in Question

1:

Definition 1. By taking out annuity insurance the insured is entitled to periodic payments, the
so-called annuity. The ANNUITY is paid out periodically (for example annually) as of a
certain date until the time of death of the insured. PENSION INSURANCE is a specific type of
annuity insurance. SINGLE-PREMIUM INSURANCE is also a specific type of annuity
insurance, which involves (as the name indicates) a one-time premium. Other types of annuity
insurance involve periodical (for example annual) premium payments. Under certain

conditions, these premium payments are income tax deductible.

Furthermore, the DHS asks respondents to indicate their expectation with respect to their

replacement rate once they retire. The exact wording of the question is as follows:

Question 2. How much do you expect your net retirement pension (including general old-age
pension) to be in percentages to the last net income you receive before you retire after the age

of 652(If you are pre-retired, please mention the last net income before you pre-retired.)

The dependent variable in my main analysis is annuity market participation, which is a
binary variable. My main independent variables are the replacement rate and the square of the
replacement rate, to allow for possible nonlinear effects. These variables are included to
investigate the existence of a displacement effect. In addition, other independent variables 1
include are age, education (benchmark lowest educated), marital status (benchmark single),
inverse hyperbolic sine transformation of the number of children, and year dummies.
Moreover, I control for the financial characteristics of the household by including the natural

logarithm of disposable income, the natural logarithm of financial wealth, the inverse
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hyperbolic since transformation of net worth, and stock market participation.” Finally, I
control for the effect of households having no accurate expectation about their replacement
rate by including the dummy variable replacement rate unknown. The variable replacement
rate unknown is identified by the additional answering possibility for Question 2 “don’t

know”.

The original sample consists of 50,075 observations, including multiple respondents per
household per year. My estimation sample consists of 8,566 observations in 1,766
households. The DHS suffers from a rather high level of attrition. To partially cover this,
there are biannual refreshment samples. As Section 4.3 will show, no significant attrition bias

is found. Nevertheless, a substantial fraction of the potential sample is lost.

One major reason for the loss of observations is the process of aggregating the data from
the individual level to the household level, which drops 29,379 observations. A second reason
is the fact that our sample should include only household heads which are not yet (early)
retired and who are aged between 18 and 65 years. This results in a loss of 4,660
observations. A third reason is lack of information with respect to annuity market
participation as well as the corresponding value if the household participates in the annuity
market. This drops another 4,561 observations. A fourth reason is lack of information with
respect to the replacement rate, resulting in a loss of 1,816 observations. Furthermore, 827
observations were dropped due to missing data with respect to the variables financial wealth
(543 observations), education (217 observations), net worth (65 observations), and disposable
income (2 observations). Finally, some respondents answered the question related to their
education level with “other level of education”, which is not classifiable into one of the
education categories. Therefore, these observations are dropped, resulting in a loss of 266

observations.

I impute values of the variables marital status, age, number of children, education, and
replacement rate, if their value is unknown in the data set for year T though known in year T-
1, year T+1, or, if applicable, by another member of the same household. For the variable
education, values are imputed only when the education level without a degree equalled the
education level with a degree in year T-1 or T+1. In other words, the variable education is

only imputed when the household member was not in school in year T-1 or T+1. For the

® As suggested by Inkmann et al. (2011), stock market participation might be correlated with annuity market
participation since both decisions require a certain level of financial sophistication and financial wealth.
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variable net worth I impute the value of the part “value of the house”. If the value is missing
and the household is not an owner of a house in the corresponding year, I replace the missing
value by a zero. When the value is missing and the household is an owner of a house, I

replace the missing value by the first or last known value of the house.
3.1 Descriptive statistics

Table 1 shows the descriptive statistics of the variables used in the empirical estimation,
including variables used for sensitivity analyses.'’ All variables refer to the head of the
household. As reported, the average level of annuity market participation is 31%, which
illustrates the annuity market participation puzzle. Conditional upon participation, the mean
value of the annuity is about €15,900, while the median value of the annuity is about €3,800.
This illustrates that annuity ownership is subject to a number of very large annuities. A
comparison of the value of the annuities with net worth or disposable income shows that the

value of the annuities, even conditional upon participation, is relatively low.

Table 1 reports the mean (median) expected replacement rate, conditional upon having an
expectation, to be 71% (70%), whereas 19% of the respondents do not report an expectation
of their replacement rate. As explained in Section 2.2, expected pension income, by means of
the old-age state pension benefit and the compulsory annuities from private pensions, could
be a close substitute for the voluntary annuity market. Preliminary evidence is shown in
Figure 1, which illustrates a negative relation between the probability that a household
participates in the annuity market and the expected replacement rate. Due to the nonlinear
shape of the relation, I also include the square of the replacement rate. The figure shows the
average percentage of households participating in the voluntary annuity market among the
households located around the 2.5", 15™, 50", 85™, and 97.5™ percentiles of the replacement
rate distribution, for the selected sample of households which indicate a nonnegative
replacement rate."! While the average participation level is above 35% in the bottom 5% of
the replacement rate distribution, it decreases steeply to 20% in the top 5% of the replacement
rate distribution. Given the fact that the 97.5™ percentile of the replacement rate distribution
expects full replacement of disposable income during retirement, this is preliminary evidence

that expected pension income crowds out voluntary annuity market participation.

10 The variables financial wealth, net worth, disposable income, and number of children are skewed, hence I
apply a transformation to it.
" Due to a rather flat distribution of the replacement rate these percentiles are approximations.
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Nevertheless, to make this statement credible I should control for other variables, such as

financial wealth and disposable income, and furthermore test for statistical significance.

Table 1 reports the mean (median) value of financial wealth, net worth, and disposable
income to be about €38,700 (€15,500), €59,500,000 (€116,300), and €31,500 (€27,400). As
illustrated in Figure 2, there seems to be a strong positive relation between the probability that
a household participates in the voluntary annuity market and financial wealth. The figure
shows the average percentage of households participating in the voluntary annuity market
among the households located around the 2.5™, 10", 25" 50™, 75", 90, and 97.5" percentiles
of the financial wealth distribution. Whereas the average percentage of households
participating in the voluntary annuity market is around 10% in the bottom 5% of the financial
wealth distribution, this percentage increases to almost 60% in the top 5% of the financial
wealth distribution. Given the fact that the 2.5"™ and 10™ percentiles of the financial wealth
distribution are €300 and €1,500, respectively, it seems that these households lack financial
wealth to participate in the voluntary annuity market, preliminary evidence in favour of the

minimum purchase requirement explanation.

As reported in Table 1, 13% of the respondents participate in the stock market. While only
31% of the whole sample participates in the voluntary annuity market, 48% of the households
who participate in the stock market also participate in the voluntary annuity market. This
indicates a connection between the decision to participate in the stock market as well as the

voluntary annuity market, as already mentioned by Inkmann et al. (2011).

Other variables which could affect the decision to participate in the voluntary annuity
market are related to the socio-economic background. Household composition, as
approximated by age, marital status, and the number of children, is taken into account to
detect a possible bequest motive, with respect to both the surviving spouse and children. "2 The
education level of the household head is taken into account to proxy for financial literacy. A
basic level of financial literacy might be required in the decision to participate in the

voluntary annuity market (Lusardi and Mitchell, 2007).

"2 The bequest motive with respect to children is also investigated using a direct measure, as explained in Section
34.
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3.2 Misclassification

Though I estimate the displacement of annuity market participation by expected pension
income in the Netherlands, there are indications of misclassification in the level of annuity
market participation. Table 2 shows descriptive evidence of misclassification by comparing
lagged participation in the annuity market with current participation. Because of the special
features of the annuity product, it is implausible that an annuity product is sold by a
household, as there is in practice no secondary market for annuity products. Furthermore,
cancelling the annuity product is usually subject to a fine. Therefore, an annuity product is
likely to be kept until it starts paying out. Table 2 shows that 4.47% of the respondents give
the impression that they have “sold” their annuity product. When observing overall switching
patterns, it seems that approximately a quarter of the misclassified observations report that
they “sell” an annuity product in some year, and “buy” back an annuity product with the same
characteristics a few years later. This seems to suggest serious misclassification. Solving for
the misclassification by excluding the inconsistent observations leads to an attrition bias."
Therefore, correcting for the misclassification is left for future research, currently investigated
by Alessie et al. (2012). In addition, Alessie et al. (2012) find misclassification by comparing
annuity market participation with the value relating to these annuities. I do not find evidence
for this sort of misclassification, probably due to the fact that I dropped all observations that
have not completed both questions with respect to the annuities, while that is not necessarily

the case in the sample used by Alessie et al. (2012).

3.3 Model

To check whether the same results are obtained for different waves of the survey, for each

year a separate probit model is estimated. The regression specification is shown in Equation
1.14

Annuity market participation;; =
Bo: + Bie * Replacement rate;;, + S, * Replacement rate? +
B3¢ * Replacement rate unknown;, + P4 * Age; +

Bs¢ * University educated;; + Le: * Vocational educated;; +

" Solving for the misclassification in an alternative unreported specification by altering the dummy variable
annuity market participation from zero to one, when a household indicates that he or she has sold the annuity
product in some year and bought it back a few years later, does not qualitatively change the results.

'* IHS indicates an inverse hyperbolic sine transformation and LN indicates a natural logarithm.
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B7¢ * High secondary educated;; + Bg; * Marital status;; +
Bo: * IHS(Number of children);; + P1o: * LN(Disposable income);; +
P11t * LN (Financial wealth);; + B12: * IHS(Net worth);; +

P13t * Stock market participation;; + €;; (D

Next, a pooled probit regression, including time fixed effects and individually clustered
standard errors, is estimated. The same variables as shown in Equation 1 are included in this
regression, with additional dummy variables for each year and without time indices for the

coefficients since the equation is estimated for the whole sample.

Moreover, to exploit the panel feature of the data, a Mundlak approach is specified. Since
there is relatively little variation in annuity market participation within households, individual
fixed effects estimation probably does not add much value. Furthermore, fixed effects
estimation is likely to suffer from the “incidental parameter problem”, due to the relatively
few years included in the panel. However, it is likely that there are individual effects
influencing annuity market participation, which is not taken into account by the original
pooled probit specification. Random effects estimation is not likely to take this into account
properly due to the assumption of no correlation between the unobserved heterogeneity and
the explanatory variables of the model. To correct for this by relaxing the no correlation
assumption, while allowing for time-invariant variables, I specify a Mundlak approach
(Mundlak, 1978). As Section 4.1 will show by testing for the significance of the Mundlak
terms, this specification clearly outperforms the pooled probit regression with time fixed
effects. The Mundlak approach adds to Equation 1 transformed year dummies, the mean of
the time-varying variables, the mean of the variable age because age is likely to be correlated
with individual effects due to the presence of cohort effects, and neglects the time indices for

the coefficients as shown in Equation 1 since the equation is estimated for the whole sample.

I checked for cohort effects by testing for the equality of means with respect to the
variable annuity market participation of five different cohorts running for approximately ten
years, for the 2002 as well as the 2012 wave. The results of the tests of equality are reported
in Table 3. Even though I cannot reject the hypothesis that there is a difference between the
average level of annuity market participation for the oldest cohort in 2002 and 2012, I can
reject the hypothesis for the four younger cohorts. Overall, this clearly indicates a cohort

effect.
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Since I include in my Mundlak specification variables related to age, year, as well as
cohort, I have to correct for the corresponding identification problem. This problem is caused
by a perfect linear relation between age, period, and cohort. Deaton and Paxson (1994) solve
the identification problem by transforming the year dummies to make them independent from
the cohort and age variables. Two important assumptions are that the time effects add up to
zero and that the coefficients are orthogonal to a linear trend. In the Mundlak specification, I
transform my year dummies following the method of Deaton and Paxson (1994). This results

in T-2 transformed year dummies.

My hypothesis, as explained in Section 2.2, which states that expected pension income
should crowd out voluntary annuity market participation, can be related to my model. To be
able to confirm my hypothesis, the combined effect of the variables replacement rate and
replacement rate square should be significant as well as negative. Relating this to Equation 1,
it implies that the marginal effect should be negative, where the marginal effect can be
calculated as ; + 2 * 8, *x Replacement rate;;. This would indicate that an increase in the
replacement rate lowers the probability that a household participates in the annuity market,

and thereby indicate the existence of a displacement effect.

Next to investigating the probability that a household participates in the annuity market, I
investigate the value of annuities purchased, conditional upon participation in the annuity
market. For the estimation I use the natural logarithm of the conditional value of annuities
purchased, since the distribution of the conditional annuity value is skewed. Beside the fact
that I estimate a linear regression model instead of a probit model, I use the same
methodology as for annuity market participation. As an additional variable I include an
interaction variable of stock market participation and financial wealth. Although I realize that
probably the Heckman correction (Heckman, 1979) should be applied to correct for the
attrition bias which arises due to my selected sample, I do not apply this correction for two
reasons. First, to apply the Heckman correction a variable is needed which explains annuity
market participation but not the value of annuities. As far as I know, no such variable is
available. Second, testing for an attrition bias, following the method of Verbeek and Nijman

(1992) as explained in Section 3.4, shows that there is no evidence indicating an attrition bias.
3.4 Model extensions

Next to the main specification, formulated in Section 3.3, I perform four sensitivity

analyses to assess the strength of my results. First, I include the variables risk aversion, time

Page | 17



preference, and bequest motive to check the importance of these variables.'> As explained in
Section 2.1, psychological motives could be an explanation for low annuity market
participation. To investigate the importance of psychological motives in the Dutch annuity
market, the variables risk aversion and time preference are included. The bequest motive is, as
explained in Section 2.1, another possible reason for low annuity market participation. To
investigate the importance of bequests for Dutch households in a direct manner, the variable

bequest motive is included.

Second, besides the previously mentioned variables, another factor which could be
important for the decision to participate in the annuity market is an individual’s health
condition, to hedge for longevity risk. As already explained in Section 2.1, health uncertainty
could motivate precautionary savings, thereby negatively influencing annuity market
participation. Since 81% of the respondents report that they are in good health,'® this variable
does not seem to be influential. As explained by Sinclair and Smetters (2004), high medical
expenditures coincide with health deterioration, thereby increasing mortality. Therefore, 1
construct the variable subjective lifetime expectancy.'” This variable measures the self-
reported expectation of the age respondents will become. For the whole sample, the average is

almost 82 years.

Third, I check the robustness of the results with respect to possible measurement error
related to the variable number of children. In the original data set, some households indicated
that they had a higher number of children in year T-1 compared to year T, indicating serious
measurement error. Since it is implausible that so many households lose children, except for
dramatic events, I alter the inconsistent observations by setting the number of children in year
T equal to the number of children in year T-1. The effect is that the minimum change in the

number of children per year is zero.

Fourth, I include the dummy variables self-employed, no permanent contract, civil
servant, and disabled to check the importance of the employment status of the household head
(benchmark permanent contract) with respect to the probability that a household participates

in the annuity market. The focus is on the variable self-employed, since self-employed

"> More details with respect to the variables risk aversion, time preference, and bequest motive are given in
Appendix A.

' This means that the respondents answer the question relating to their health condition with “good” or
“excellent”.

" More details with respect to this variable are given in Appendix B.
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household heads generally do not contribute to a pension fund in order to accumulate

occupational pension wealth, as explained in more detail in Section 2.3.

Moreover, I conduct a robustness check to validate my results. I check for an attrition bias
in my sample due to the fact that my panel is unbalanced, following the method of Verbeek
and Nijman (1992). The motivation of the test is that if the missing observations are random,
indicators of a household’s existence pattern in the sample should not be associated with the
outcome of interest after controlling for observed independent variables. The ‘“variable
addition test” proposed by the authors entails the inclusion of multiple variables indicating
whether a household is observed in the subsequent year. Testing for the simultaneous
significance of these dummy variables is a test for the presence of an attrition bias in the

unbalanced panel.
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4. Results

Before I discuss the results of a pooled probit regression including Mundlak terms for the
households’ decision to participate in the annuity market, I shortly discuss the results of probit
regressions separately for each year in the sample.18 As can be seen in Table C1 and Table C2
of Appendix C, out of the 11 separate regressions, the variables related to the replacement rate
seem to be of minor importance, being significant only once. The financial characteristics,
especially the variables financial wealth and disposable income, seem to be the most
important in the decision to purchase an annuity. For most of the regressions, a higher
financial wealth and/or a higher disposable income increase(s) the probability that a
household participates in the annuity market (ceteris paribus). Of secondary importance are
the variables age, stock market participation, and the number of children. In general, an older
household has a higher probability of participating in the annuity market (ceteris paribus).
This seems logically given that an annuity purchase decision is generally irreversible, as
argued in Section 3.2. Moreover, households that participate in the stock market appear to
participate more actively in the annuity market (ceteris paribus). Furthermore, there is minor
evidence that an increase in the number of children decreases the probability that a household
participates in the annuity market (ceteris paribus), possibly suggesting the presence of a

bequest motive or expected intergenerational altruism.
4.1 Annuity market participation

Next, I discuss the results investigating a household’s decision to purchase an annuity,
making use of the whole sample. The results of the pooled probit regression including
transformed year dummies using the Mundlak approach are displayed in Table 4, columns
Annuity market participation and Marginal effects.'” I focus especially on the point estimates
of the probit model to evaluate the qualitative impact of the variables, whereas the marginal
effects are reported to evaluate the quantitative impact. These marginal effects are shown for a
baseline household head defined as a 30-year-old, single male without children, low
secondary education, average disposable income, average financial wealth, average net worth,
a replacement rate of 50%, and who does not participate in the stock market. As is shown by

performing a test of the overall significance of the Mundlak terms, the Mundlak specification

' Results of the year separate regressions are reported in Appendix C Table C1 and Table C2.
"% Results of the pooled probit regression including time fixed effects are shown in Appendix C Table C3,
column Annuity market participation (1).
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clearly outperforms the pooled probit regression with time fixed effects. This test, which is
asymptotically equivalent to the Hausman test, reports a chi-square statistic of 85.19 with nine
degrees of freedom, which is therefore highly significant. Consequently, I focus on the

Mundlak specification in discussing the results.

Confirming the descriptive statistics in Figure 1, the replacement rate is shown to be an
important predictor of the decision to purchase an annuity.”’ The signs of the replacement rate
and the replacement rate square imply that the relationship between annuity market
participation and the replacement rate takes the form of an inverse U. Therefore, the estimates
can be interpreted as that the marginal effect of the replacement rate is negative, though at a
diminishing rate. Hence, behind a certain level of the replacement rate, the marginal effect of
the replacement rate on annuity market participation becomes positive. The turning point can
be calculated approximately by the ratio —f8;/2f,, which yields a turning point of
approximately 67.68%. When I change the definition of the variable replacement rate,
attempting to reduce possible measurement error,”' qualitatively similar results are found. As
is shown in Appendix C Table C3, column Annuity market participation (2), the significance
as well as the effect of the replacement rate is robust to changing the definition of the
replacement rate. Possible measurement error within the variable replacement rate therefore

does not seem to influence the resulting estimates related to the replacement rate.

The marginal effect for a replacement rate of 50% is calculated to be -0.0015, conditional
upon the value of the replacement rate and all other variables. The marginal effect can be
interpreted as the relative change in the probability that a household participates in the annuity
market due to a unit increase in the replacement rate, conditional upon the value of the
variable replacement rate as well as all other variables. Therefore, an increase of 1% in the
replacement rate of a household with a replacement rate of 50% will decrease the probability
that a household participates in the annuity market with 0.15%, conditional upon the value of

the replacement rate and all other variables.

0 Since the point estimate as well as the marginal effect of the variable replacement rate unknown are not
significant, no interpretation can be given with respect to this variable.

I Some of the respondents report with respect to Question 2 that they expect a replacement rate below 5%. Due
to the Dutch system of the state old-age pension benefit and occupational pensions this seems implausible.
Furthermore, whenever a household head reports in a separate question that he or she is entitled to retirement
pension through his job, he or she receives from the date of retirement onwards pension income. On average this
pension income is equal to 70% of the latest received income, making a replacement rate of below 5%
implausible. Therefore, I substitute answers of below 5% with the answer “unknown” if the respondent is
entitled to retirement pension, to make sure that the answer is indeed implausible.

Page | 21



Since the marginal effect related to the replacement rate is significant, though not negative
for all levels of replacement, my hypothesis can be confirmed only for the lower part of the
replacement rate distribution, until the turning point. Therefore, I can argue that there is
indeed displacement of voluntary annuitization by expected pension income for the lower part
of the replacement rate distribution. After the turning point of approximately 67.68%, the
marginal effect of an increase in the replacement rate on the probability that a household
participates in the annuity market, conditional upon the value of the replacement rate and all

other variables, becomes positive. This indicates a negative displacement effect.

This finding can be interpreted as a confirmation of the argument put forward by both
Dushi and Webb (2004) and Pashchenko (2013). These authors argue that part of the annuity
market participation puzzle can be explained by the existence of compulsory annuitization
through the social security system and occupational pensions, which crowds out voluntary
annuitization. Furthermore, this finding is an extension of the displacement effect as
investigated by Attanasio and Rohwedder (2003) as well as by Alessie et al. (2013). While
these authors find a displacement effect between pension wealth and household savings, I find

a displacement effect between pension wealth and voluntary annuities.

Confirming the probit models for each separate year, the financial characteristics of a
household seem to be very relevant in the decision to purchase an annuity.*> A unit increase in
the natural logarithm of disposable income, approximately equal to a 100% increase in
disposable income relative to the baseline observation, significantly increases the probability
that a household participates in the annuity market with 2.08% (ceteris paribus). Turning to
financial wealth, a unit increase in the natural logarithm of financial wealth, approximately
equal to a 100% increase in financial wealth relative to the baseline observation, significantly
increases the probability that a household participates in the annuity market with 2.73%
(ceteris paribus), confirming the descriptive statistics in Figure 2. The positive marginal effect
of the variables disposable income and financial wealth could be interpreted as suggesting that
annuity products are primarily possessed by the richer part of the society. This confirms that
minimum purchase requirements might be important in the purchase of annuities, as put
forward by Pashchenko (2013). Finally, while net worth is of little importance in the year

separate regressions, it is highly significant in the regression containing all years. A unit

2 T have tested for possible nonlinearities of the variables financial wealth, net worth, and disposable income, by
including a squared term. This term is not significant in all cases.
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increase in the inverse hyperbolic sine transformation of net worth, approximately equal to a
100% increase in net worth relative to the baseline observation, significantly decreases the
probability that a household participates in the annuity market with 0.32% (ceteris paribus).
This might suggest that a household with a high level of illiquid wealth, as measured by net
worth, is less likely to purchase an annuity, as suggested by Pashchenko (2013).

Furthermore, the signs of the estimates related to the variables number of children and age
are reversed. However, no interpretation can be given with respect to the variable number of
children, because the marginal effect is not significant. This implies that the bequest motive is
not relevant for this sample of Dutch households, in line with the predictions of Brown and
Warshawsky (2004) and Hurd and Panis (2006). Evaluated at an age of 30, an increase in age
by one year decreases the probability that a household participates in the annuity market with
1.08% (ceteris paribus). However, focusing only on the selected sample for which the answers
are internally consistent reveals that age in fact has a positive impact on the degree of
annuitization.”> This is also confirmed by comparing the average level of annuity market
participation per cohort for the years 2002 and 2012. As shown in Table 3, the average level
of annuity market participation increases the older the cohort. Consequently, the coefficient of
age seems to be adversely affected by misclassification in the variable annuity market

participation.

Moreover, while the variable stock market participation is relevant in the year separate
regressions, it is not any more in the Mundlak specification, just as the variables which proxy
for education and marital status are not significant. The insignificance of marital status
indicates that intra family risk sharing is not an important predictor of annuity market
participation for this sample of Dutch households, in contrast to the suggestions of Kotlikoff
and Spivak (1981) and Brown and Poterba (2000). Furthermore, the insignificance of the
variables stock market participation and education indicate that financial sophistication as
well as financial literacy are not as relevant as motivated by Brown (2009), in his article

promoting the behavioural explanation, and by Inkmann et al. (2011).
4.2 Conditional annuity demand

I estimate a linear regression model using the Mundlak approach for the conditional

annuity demand measured in terms of the natural logarithm of the value of the conditional

 Results are reported in Appendix C Table C3, column Annuity market participation (3).
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annuity demand. The results are reported in Table 4, column Conditional LN annuity value.**
As in the case of the regression explaining annuity market participation, the Mundlak
specification is superior to the linear regression including time fixed effects. Testing for the
overall significance of the Mundlak terms reports an F-value of 5.22 with 11 and 715 degrees
of freedom, which is highly significant. Consequently, I focus on the Mundlak specification in

discussing the results.

The replacement rate does not seem to be an important determinant of the value of the
conditional annuity demand. In addition, all financial characteristics appear not significant in
the conditional annuity demand regression. These variables are relevant for the decision
whether to participate in the annuity market, but do not influence the value of the annuity
demand, conditional upon participation. In contrast, household characteristics are relevant for
the conditional value of the annuity demand. A married household purchases on average
36.99% more annuities (ceteris paribus), conditional upon participation, compared to a single
household. Next, a university educated household head purchases on average 38.66% more
annuities (ceteris paribus), conditional upon participation, compared to a low secondary
educated household head. While the signs for the vocational educated and high secondary
educated variables are positive, suggesting a higher level of annuity demand by higher

educated household heads, these two coefficients are not significant.

Furthermore, the effect of age is to increase the conditional value of the annuity demand,
however at a diminishing rate. Due to the inclusion of the variable age square the marginal

effect depends on the variable age itself. The marginal effect can be calculated as follows:

OE(Cond. LN [annuity value];¢|x;;)
dage;;

= B, + 2B, * age;(= 0.2901 — 0.0046 * age;;) (2)

For a 30-year-old household head, becoming one year older increases the conditional
value of annuity demand with 15.29% (ceteris paribus), while for a 50-year-old household

head this increase is 6.13% (ceteris paribus).
4.3 Model extensions

At last, I discuss some model extensions and a robustness test, as explained in Section 3.4.

First, I include the variables risk aversion, time preference, and bequest motive in my main

* Results of the linear regression including time fixed effects are shown in Appendix C Table C3, column
Conditional LN annuity value.
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model. Results are reported in Table 5, column (1). Inclusion of these variables marginally
weakens the result with respect to the replacement rate, though the coefficients are still
weakly significant. Therefore, my hypothesis is confirmed for the lower part of the
replacement rate distribution. This weakened result is probably caused by the fact that the
inclusion of these three variables reduces the sample size towards 3,968 observations, less
than 50% of the original sample size. This explanation is confirmed when I estimate my main
model on this selected sample of observations. This unreported regression shows similar
results with respect to the replacement rate compared to the results reported in Table 5,
column (1). Consequently, the result with respect to the replacement rate is robust to the
inclusion of the variables risk aversion, time preference, and bequest motive. Testing the
overall significance of the Mundlak terms, which is asymptotically equivalent to the Hausman
test, reports a chi-square statistic of 32.31 with 12 degrees of freedom, which is highly
significant. Nevertheless, the statistic is lower compared to the original Mundlak regression.
Since neither variable enters the specification significantly, nor are they together,* I conclude
that the addition of these variables does not add any value to my model. This suggests that the
theoretical determinants of annuity market participation, as approximated by these three
variables and explained in Section 2.1, do not seem to be relevant for the Dutch case, when
controlled for the other variables. This is in line with my earlier finding and the results of
Brown and Warshaswky (2004) as well as Hurd and Panis (2006) with respect to the absence
of a bequest motive, while it contradicts the importance of the field of psychology as

suggested by Brown (2009).

Second, I include the variable subjective lifetime expectancy, which is a proxy for the
health condition of a household, in my main model. The results are reported in Table 5,
column (2).% Inclusion of the subjective life expectancy does not qualitatively change the
results with respect to the replacement rate. Therefore, my hypothesis, which states that
expected pension income crowds out voluntary annuity market participation, is confirmed for
the lower part of the replacement rate distribution. Testing for the overall significance of the
Mundlak terms reports a chi-square statistic of 82.00 with ten degrees of freedom, which is

highly significant. However, as can be seen in Table 5, column (2), the coefficient of the

» Testing for the significance of the variables time preference, risk aversion, and bequest motive reports a chi-
square statistic of 0.83 with three degrees of freedom, which is not significant.

** An alternative unreported specification with the median subjective life expectancy as a variable does not
qualitatively change the results.
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subjective life expectancy is not significant, such that no interpretation can be given with
respect to this variable. Therefore, liquidity constraints, as explained in Section 2.1, do not
seem to be a relevant explanation for low annuity market participation for this sample of
Dutch households, when controlled for the other variables. This is in contrast to the
theoretical suggestions made by Turra and Mitchell (2008), Rosen and Wu (2004), and
others.”” Furthermore, there is tentative evidence for the absence of large adverse selection
effects in the Dutch annuity market. In the presence of adverse selection in the annuity market
it would be expected that households with a higher subjective lifetime expectancy are more
likely to participate in the annuity market, to make use of their private information in making
annuity purchase decisions. Therefore, this is tentative evidence in contrast to the suggestion
made by Finkelstein and Poterba (2002; 2004), who argue that the lack of actuarially fair
annuities due to adverse selection could explain low annuity market participation.
Nevertheless, the lack of actuarially fair annuities due to administrative load factors could still

explain low annuity market participation.

Third, I correct for possible measurement error related to the variable number of children,
as explained in Section 3.4. Results of this sensitivity analysis are reported in Table 5, column
(3). The results with respect to the replacement rate are similar to the original model.
Therefore, my hypothesis, which states that expected pension income should crowd out
voluntary annuity market participation is confirmed, again most convincingly for the lower
part of the replacement rate distribution. Testing for the overall significance of the Mundlak
terms reports a chi-square statistic of 86.46 with nine degrees of freedom, which is highly
significant. An interesting difference with respect to the results of the original regression
relates to the variable number of children. While in the original regression the corresponding
coefficient is not significant, it becomes weakly significant when correcting for possible
measurement error.” These point estimates should be interpreted as that the probability that a
household participates in the annuity market will increase if a household gets more children
(ceteris paribus), which is precisely the opposite of a bequest motive. Measuring the presence

of a bequest motive in an indirect manner therefore confirms the suggestions of Brown and

" Similar suggestions are made by Strawczynski (1996), Sinclair and Smetters (2004), Hurd and Panis (2006),
and Ameriks et al. (2011).

% An alternative specification with the presence of children as a dummy variable, reported in Appendix C Table
C3, column Annuity market participation (4), does not qualitatively affect the results with respect to the
replacement rate. However, it increases the significance and magnitude of the coefficient relating to the presence
of children.
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Warshaswky (2004) and Hurd and Panis (2006), who argue that the bequest motive is not

relevant in the decision to purchase an annuity.

Fourth, I include the variables self-employed, no permanent contract, civil servant, and
disabled which proxy for the employment status of the household head (benchmark
permanent contract). Results of this sensitivity analysis are reported in Table 5, column (4).
Inclusion of these employment related variables does not change my results with respect to
the replacement rate. Therefore, my hypothesis, which states that expected pension income
should crowd out voluntary annuity market participation, is confirmed for the lower part of
the replacement rate distribution. Testing for the overall significance of the Mundlak terms
reports a chi-square statistic of 100.92 with 13 degrees of freedom, which is highly
significant. As can be seen in Table 5, column (4), the variables related to the employment
status of the household head are not significant except for the variable self-employed. These
point estimates should be interpreted as that the probability that a household participates in
the annuity market will increase if a household head becomes self-employed relative to
having a permanent contract. This is probably explained by the fact that employees with a
permanent contract are required to contribute to a pension fund and therefore accumulate
occupational pension wealth, while this is not necessarily the case for self-employed
household heads. Consequently, to compensate for this lack of pension wealth accumulation

these household heads are more likely to participate in the voluntary annuity market.”’

Finally, I perform a robustness test to check the presence of an attrition bias in the
regression explaining annuity market participation as well as the regression explaining the
value of the annuity demand conditional upon participation, as explained in Section 3.4.
Testing for the presence of an attrition bias in the regression explaining annuity market
participation gives a chi-square statistic of 12.67 with ten degrees of freedom. The result is
not significant, and therefore I cannot reject the null-hypothesis of no attrition bias. With
respect to the regression explaining the value of the annuity demand conditional upon
participation, a chi-square statistic of 1.27 is reported with ten and 715 degrees of freedom.
Again the result is not significant, which leads me to conclude that I cannot reject the null
hypothesis of no attrition bias. Therefore, this indicates that there is no attrition bias in my

sample.

¥ An alternative unreported specification including interaction variables of the employment variables and the
replacement rate (square) to investigate whether the effect of the replacement rate differs per employment status
does not qualitatively change the results and gives no significant results with respect to the interaction variables.
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5. Conclusion

In this paper I investigate the existence of a displacement effect between a household’s
expected pension income, as measured by the expected replacement rate, and the probability
that a household participates in the annuity market. I study a sample of Dutch households
using the DHS data for the years 2002-2012. In the estimated annuity market participation
equation I control for other theoretically motivated determinants of annuity market
participation. The data suggest that there is a substantial annuity market participation puzzle,

since only 31% of the households in my sample participate in the annuity market.

Pooled probit regressions including transformed year dummies and Mundlak terms show
that the probability that a household participates in the annuity market decreases with the
replacement rate, as predicted by theory, however at a diminishing rate. This result is robust
to the inclusion of theoretically motivated determinants of annuity market participation. The
displacement effect, measured as the decrease in the probability that a household participates
in the annuity market due to a 1% increase in expected pension income, is estimated to be

0.15%, conditional upon a replacement rate of 50% and the value of all other variables.

Additionally, the financial characteristics of the household, i.e. disposable income,
financial wealth, and net worth, play a prominent role in the decision to purchase an annuity.
On the one hand, households with a higher disposable income and/or a higher financial wealth
are significantly more likely to purchase voluntary annuity products. This confirms the
importance of minimum purchase requirements in the purchase of annuities. On the other
hand, households with a higher net worth are significantly less likely to purchase voluntary
annuity products, confirming the relevance of illiquid wealth as negatively influencing
annuity market participation. Moreover, the probability that a household participates in the
annuity market increases significantly with age, as is shown when dropping all inconsistent
observations. Furthermore, I find limited evidence for the relevance of the number of
children. In contrast to the theoretically motivated bequest motive, which predicts a negative
relation between the number of children and the probability that a household participates in
the annuity market, I find a positive relation when correcting for possible measurement error
related to the variable number of children. Lastly, self-employed household heads are more
likely to participate in the voluntary annuity market, which is probably explained by the fact

that these household heads do not participate in the compulsory annuity market.
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The effect of the replacement rate upon the value of the annuity demand, conditional upon
participation, seems to be irrelevant, as is the case for the other financial variables. The value
of the annuity demand, conditional upon participation, seems to be influenced mostly by the

household characteristics age, education, and marital status.

This study contributes to the empirical literature on annuity market participation. In my
knowledge, it is the first study investigating the displacement effect with respect to annuity
products in the Netherlands. While most of the other studies make use of theoretical life-cycle
models to investigate annuity demand, I make use of micro level data to investigate annuity
demand in practice. For policy purposes, my study suggests that the displacement effect is
especially large for households with a low replacement rate, while there is no displacement or
even a negative displacement effect for households with a high replacement rate.
Additionally, illiquid wealth in combination with minimum purchase requirements at the
poorer part of the society could be an explanation for low annuity market participation.
Therefore, if government policy is focused on encouraging annuity market participation, to
avoid households from running out of wealth during retirement, policy should be designed
primarily at the population with a low replacement rate. From a household perspective, the
increasing uncertainty with respect to future pension income probably results in lower future
pension income relative to expectations. Resulting from the displacement effect at the lower
part of the replacement rate distribution, this could imply that voluntary annuities might

become more important for retirement planning for this part of the society.

In future research, solving for misclassification in the level of annuity market participation
is the next step. Dropping the inconsistent observations shows the relevance of the
displacement effect. This suggests that solving for misclassification in a more proficient
manner will confirm the existence of a displacement effect. Furthermore, investigating
whether households with inconsistent answers with respect to annuity market participation
perform poorly on financial literacy could be interesting, since financial literacy might be an
important determinant of annuity market participation (Inkmann et al., 2011). Finally,
analysing whether uncertainties in pension income, measured using probabilistic survey
questions following the method of Van Santen (2012), affect the probability that a household

participates in the annuity market could be interesting.
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Tables

Table 1
Descriptive statistics

This table presents mean and median values as well as standard deviations for all sample members. The sample
consists of 8,566 observations in 1,766 households, from the DHS panel for the years 2002-2012. However, the
sample size is smaller for the variables good health (N=6,727), bequest motive (N=4,028), risk aversion
(N=6,274), time preference (N=6,686), subjective lifetime expectancy (N=6,481), permanent contract (N=8561),
self-employed (N=8561), no permanent contract (N=8561), civil servant (N=8561), and disabled (N=8561).

Variable Mean Median Standard deviation
Annuity market participation 0.31 0.00 0.46
Value annuities 4960.59 0.00 21139.21
Value annuities | Participation 15855.39 3836.29 35438.19
Financial wealth 38699.82 15485.50 83086.85
Net worth 5.95x10’ 116287.20 5.47x10°
Disposable income 31452.22 27378.89 21849.39
Replacement rate 57.65 70.00 30.16
Replacement rate | known 71.26 70.00 12.44
Replacement rate unknown 0.19 0.00 0.39
Stock market participation 0.13 0.00 0.34
Age 45.90 47.00 10.26
Low secondary educated 0.23 0.00 0.42
High secondary educated 0.32 0.00 0.47
Vocational educated 0.30 0.00 0.46
University educated 0.15 0.00 0.36
Married 0.57 1.00 0.50
Number of children 0.87 0.00 1.12
Good health 0.81 1.00 0.39
Bequest motive 0.17 0.00 0.37
Risk aversion 0.49 0.00 0.50
Time preference 0.35 0.00 0.48
Subjective lifetime expectancy 81.87 82.00 7.79
Permanent contract 0.69 1.00 0.46
Self-employed 0.05 0.00 0.23
No permanent contract 0.05 0.00 0.22
Civil servant 0.15 0.00 0.36
Disabled 0.05 0.00 0.23
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Table 2
Evidence of potential misclassification
This table presents a cross-tabulation of annuity market participation with lagged annuity market participation
(N=6,800). All entries are in percentages.

Lagged annuity market participation

Current annuity market participation No annuities T-1 Annuities T-1

No annuities 64.32 4.47

Annuities 3.31 27.90
Table 3

Testing for cohort effects
This table presents the number of observations, mean and standard deviation of annuity market participation of
different cohorts for the years 2002 and 2012. The column headed “Test of equality” reports the F-value of the
test for equality of the mean of different cohorts for the years 2002 and 2012. F-values significant at the 10%
level are denoted by *, at the 5% level by **, and at the 1% level by ***.

2002 2012

Cohort Number of  Mean Standard Number of Mean  Standard Test of

observations deviation observations deviation equality
18-27 39 0.08 0.04 3 0.00 0.00 5.77%**
28-37 162 0.35 0.04 76 0.16 0.04 4.67***
38-47 211 0.36 0.03 151 0.21 0.03 5.41%**
48-57 242 0.40 0.03 243 0.30 0.03 4.19%%*
58-65 55 0.36 0.07 156 0.29 0.04 0.55
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Table 4

Estimation results for annuity market participation and conditional annuity value
This table reports estimation results from a pooled probit regression using the Mundlak approach including
transformed year dummies for annuity market participation, the corresponding marginal effects, and from a linear
regression using the Mundlak approach for the natural logarithm of the annuity value, conditional upon
participation. The regressions are based on data of non-retired households from the DHS panel for the years
2002-2012. The coefficients significant at the 10% level are denoted by *, at the 5% level by **, and at the 1%
level by ***. The marginal effects given are calculated for a 30-year-old, single male without children, low
secondary education, average disposable income, average financial wealth, average net worth, a replacement rate
of 50%, and who does not participate in the stock market. For all models, clustered standard errors on the
household level are computed, which are reported underneath the coefficients in parentheses. Testing for the
overall significance of the Mundlak terms in the regression for annuity market participation reports a chi-square
statistic of 85.19*** and with respect to the regression for the natural logarithm of the conditional annuity value
it reports an F-value of 5.22%*%*_ Estimates of the transformed year dummies as well as the Mundlak terms are not
reported.

Variable Annuity market Marginal effects Conditional LN
participation annuity value
Replacement rate -0.0187** -0.0015* 0.0048
(0.0089) (0.0008) (0.0087)
Replacement rate 0.0001** 2.65x107
squared (0.0001) (0.0001)
Replacement rate 0.5584 0.1722 0.3975
unknown (0.4292) (0.1260) (0.6132)
Age -0.0349%** -0.0108%*** 0.2901#**
(0.0070) (0.0021) (0.0877)
Age squared -0.0023**
(0.0009)
University educated -0.0888 -0.0274 0.3866*
(0.1171) (0.0361) (0.2331)
Vocational educated 0.0537 0.0166 0.1187
(0.0949) (0.0293) (0.1962)
High secondary 0.0807 0.0249 0.2602
educated (0.0897) (0.0277) (0.1955)
Married 0.1089 0.0336 0.3699%*
(0.0811) (0.0250) (0.1686)
I[HS(number of 0.1039 0.0320 -0.1148
children) (0.0646) (0.0198) (0.1162)
LN(disposable income) 0.0674** 0.0208** 0.0003
(0.0279) (0.0087) (0.0627)
LN(financial wealth) 0.0884*** 0.0273%*%* -0.0191
(0.0159) (0.0052) (0.0369)
[HS(net worth) -0.0102%** -0.0032%** 0.0037
(0.0029) (0.0009) (0.0055)
Stock market 0.0671 0.0207 -0.0588
participation (0.0702) (0.0217) (0.7103)
Stock market part. * 0.0122
LN(financial wealth) (0.0606)
Intercept -6.8172%%* -3.3164
(1.0130) (2.1126)
Nr. of observations 8,566 8,566 2,678
Fit of the model R*7.32% R’ 7.32% R’31.32%
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Table 5
Sensitivity analyses for annuity market participation
This table reports estimation results of sensitivity analyses from a pooled probit regression using the Mundlak
approach including transformed year dummies for annuity market participation. Regressions including as
additional variables risk aversion, time preference, and bequest motive are reported in column (1), including
subjective life expectancy in column (2), redefining the variable number of children in column (3), and including
as additional variables self-employed, no permanent contract, civil servant, and disabled in column (4). The
regressions are based on data of non-retired households from the DHS panel for the years 2002-2012. The
coefficients significant at the 10% level are denoted by *, at the 5% level by **, and at the 1% level by ***. The
reported estimates are point estimates for the regressions. For all models, clustered standard errors on the
household level are computed, which are reported underneath the coefficients in parentheses. Testing for the
overall significance of the Mundlak terms in the regression for annuity market participation (1) reports a chi-
square statistic of 32.31*** annuity market participation (2) 82.00*%** annuity market participation (3)
86.46***, and annuity market participation (4) 100.92***_ Estimates of the transformed year dummies as well as

the Mundlak terms are not reported.

Variable Annuity market Annuity market Annuity market Annuity market
participation (1) participation (2) participation (3) participation (4)
Replacement rate -0.0232%* -0.0184* -0.0183** -0.0199**
(0.0129) (0.0096) (0.0088) (0.0088)
Replacement rate 0.0002%* 0.0001%** 0.0001** 0.0001**
squared (0.0001) (0.0001) (0.0001) (0.0001)
Replacement rate 0.2457 0.5622 0.5628 0.5035
unknown (0.6206) (0.4754) (0.4299) (0.4385)
Age -0.0367#%* -0.0337%%* -0.0372%%* -0.0362%#%*
(0.0110) (0.0078) (0.0070) (0.0071)
University 0.0360 -0.0910 -0.0854 -0.0381
educated (0.1548) (0.1243) (0.1170) (0.1188)
Vocational 0.1525 0.0311 0.0545 0.0805
educated (0.1250) (0.1034) (0.0949) (0.0960)
High secondary 0.0544 0.1171 0.0801 0.0861
educated 0.1147) (0.0973) (0.0898) (0.0903)
Married 0.1515 0.0937 0.0991 0.1086
(0.1521) (0.0844) (0.0808) (0.0825)
IHS(number of 0.0417 0.0813 0.1487* 0.1029
children) (0.0971) (0.0662) (0.0822) (0.0646)
LN(disposable 0.1044** 0.0895%*** 0.0668** 0.0657**
income) (0.0446) (0.0327) (0.0278) (0.0274)
LN(financial 0.0733%%%* 0.0622%*%*%* 0.0885%#* 0.0894*%*%*
wealth) (0.0240) (0.0178) (0.0159) (0.0159)
IHS(net worth) -0.0118%* -0.0107%** -0.0102%** -0.0103***
(0.0055) (0.0031) (0.0029) (0.0030)
Stock market 0.1507 0.0816 0.0663 0.0604
participation (0.1022) (0.0769) (0.0700) (0.0701)
Risk aversion -0.0074
(0.0402)
Time preference 0.0174
(0.0355)
Bequest motive 0.0480
(0.0629)
Subjective life 0.0002
expectancy (0.0023)
Self-employed 0.3088**
(0.1399)
No permanent 0.0444
contract (0.0758)
Civil servant 0.0743
(0.0642)
Disabled -0.1800
(0.1613)
Intercept 4471 1%%* -7.2325%%* -6.7922%%* -6.5223#%*
(1.3502) (1.1342) (1.0168) (1.0421)
Nr. of obs. 3,968 7,027 8,566 8,561
Fit of the model R’ 6.94% R’ 7.52% R*7.29% 7.89%
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Figure 1. Replacement rate distribution and annuity market participation. The columns show the number
of households (measured on the y-axis on the left-hand side) around the 2.5%, 15%, 50%, 85%, and 97.5%
percentiles of the replacement rate distribution for the sample indicating a nonnegative replacement rate. The
figure shows on the y-axis on the right-hand side the average percentage of households participating in the
voluntary annuity market among the households located around a certain percentile of the replacement rate
distribution. The sample consists of 6,957 observations in 1,330 households, from the DHS panel for the years
2002-2012.
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Figure 2. Wealth distribution and annuity market participation. The columns show the number of
households (measured on the y-axis on the left-hand side) around the 2.5%, 10%, 25%, 50%, 75%, 90%, and
97.5% percentiles of the wealth distribution for the whole sample. The figure shows on the y-axis on the right-
hand side the average percentage of households participating in the voluntary annuity market among the
households located around a certain percentile of the wealth distribution. The sample consists of 8,566
observations in 1,766 households, from the DHS panel for the years 2002-2012.
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Appendices
Appendix A. Risk aversion, time preference, and bequest motive

For the construction of the variables measuring an individual’s risk aversion, time
preference, and bequest motive I use questions from the “Questionnaire Economic and

Psychological Concepts” of the DHS.

The DHS asks respondents to give an indication of their preference for risk. The exact

wording of the question is as follows:

Question Al. Please indicate on a scale from 1 to 7 to what extent you agree with the
following statement, where 1 indicates “totally disagree” and 7 indicates “totally agree”. 1
think it is more important to have safe investments and guaranteed returns, than to take a risk

to have a chance to get the highest possible returns.

A respondent is defined as risk averse when he/she answers Question A1 with “6” or “7”.
Furthermore, the DHS asks respondents to indicate their patience with respect to spending.

The exact wording of the question is as follows:

Question A2. Some people spend all their income immediately. Others save some money in
order to have something to fall back on. Please indicate what you do with money that remains
after having paid for food, rent, and other necessities, where 1 means “I like to spend all my

money immediately” and 7 means “I want to save as much as possible”.

A respondent is defined as having time preference when he/she answers Question A2 with
“6” or “7”. Moreover, the DHS asks respondents to indicate their opinion about leaving a

bequest. The exact wording of the question is as follows:

Question A3. Please indicate which of the following four statements about parents leaving a

bequest to their children, would be closest to your own opinion about this?

1 if our children would take good care of us when we get old, we would like to leave them a
considerable bequest.

2 we would like to leave our children a considerable bequest, irrespective of the way they will
take care of us when we are old.

3 we have no preconceived plans about leaving a bequest to our children.

4 we don'’t intend to leave a bequest to our children.
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5 none of the above-mentioned statements.

A respondent is defined as having a bequest motive if he/she answers Question A3 with

6617’ Or 6627’.
Appendix B. Subjective lifetime expectancy

For the construction of the variable measuring an individual’s subjective lifetime
expectancy, I follow the method used by Van Santen (2012). The DHS asks respondents to
provide subjective survival probabilities for certain ages. The exact wording of the question is

as follows:

Question B1. How likely is it that you will attain (at least) the age of 65/ 75 / 80?°° Please
indicate your answer on a scale of 0 thru 10, where 0 means “no chance at all” and 10 means

“absolutely certain”.

The answers to Question Bl are fitted to a two-parameter Gompertz distribution to
estimate the subjective survival probability for each respondent in each year. Moreover, I
compute the remaining life expectancy via a discrete approximation to the continuous
distribution. The details of the methodology to calculate the remaining life expectancy are

explained by Van Santen (2012).

% Respondents answer a maximum of three questions. Respondents aged 55 and younger answer the questions
with the survival probabilities up to age 65 and 75, while people aged between 55 and 65 answer the questions
with the survival probabilities up to age 75 and 80. This guarantees that no questions are asked up to ages five
years in the future. The question asking for survival probabilities up to age 65 was introduced in the wave of
2008.
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Appendix C. Supplementary Tables

Table C1
Year separate estimation results for annuity market participation

This table reports estimation results from a probit model for annuity market participation separately for each
year. The regressions are based on data of non-retired households from the DHS panel for the years 2002-2007.
The estimates significant at the 10% level are denoted by *, at the 5% level by **, and at the 1% level by ***.
The reported estimates are point estimates for the probit model. For all models, clustered standard errors on the
household level are computed, which are reported underneath the coefficients in parentheses.

Annuity market participation

Variable 2002 2003 2004 2005 2006 2007
Replacement rate 0.0365 0.0557%: 0.0223 0.0277 0.0066 0.0092
(0.0263) (0.0264) (0.0206) (0.0215) (0.0153) (0.0159)
Replacement rate ~ -0.0003 -0.0005% -0.0002 -0.0002 -0.0001 -0.0001
squared (0.0002) (0.0002) (0.0002) (0.0002) (0.0001) (0.0001)
Replacement rate 1.0146 1.6401%* 0.5107 0.7311 -0.2887 -0.0791
unknown (0.8904) (0.8964) (0.7024) (0.7511) (0.5274) (0.5486)
Age 0.0061 0.0092% 0.0051 0.00973 0.0059 0.0113*x
(0.0058) (0.0053) (0.0051) (0.0048) (0.0050) (0.0053)
University 0.0809 -0.1464 0.0079 0.0549 0.0272 -0.0086
educated (0.1920) 0.1717) (0.1684) (0.1673) (0.1673) (0.1689)
Vocational 0.1564 -0.0447 0.1486 0.1057 0.1474 0.1789
educated (0.1565) (0.1375) (0.1342) (0.1316) (0.1323) (0.1379)
High secondary 0.2448* 0.1854 0.1487 0.0072 -0.0004 0.0423
educated (0.1473) (0.1311) (0.1307) (0.1263) (0.1287) (0.1344)
Married 0.0817 -0.0367 -0.0501 0.0170 0.0797 0.1597
(0.1324) (0.1230) (0.1159) (0.1126) (0.1158) (0.1191)
[HS(number of 0.1104 0.0684 0.0762 0.0003 0.0045 -0.1721%*
children) (0.0839) (0.0779) (0.0734) (0.0737) (0.0773) (0.0780)
LN(disposable 0.2485* 0.1330 0.1707 0.2249%*  (.2423%**  (.4]138%%**
income) (0.1309) (0.1183) (0.1092) (0.0910) (0.1070) (0.1091)
LN(financial 0.1459%#%  (.1286%**  (.1616%**  (0.1119%%*  (.1191%%*  (.]1344%*x*
wealth) (0.0423) (0.0382) (0.0388) (0.0336) (0.0346) (0.0371)
[HS(net worth) -0.0040 0.0116 0.0021 -0.0106 0.0005 -0.0110
(0.0085) (0.0088) (0.0088) (0.0082) (0.0093) (0.0087)
Stock market 0.2112 0.2736%*%  0.2679%*%  (.3125%* 0.1422 0.2544
participation (0.1424) (0.1288) (0.1272) (0.1345) (0.1404) (0.1459)
Constant 25.9246% % 51930 % 4 7139%*k 4961 7kkk  _4.3099%kk 6 594()kk:k
(1.5198) (1.4533) (1.3464) (1.1625) (1.1622) (1.2187)
Nr. of obs. 680 824 862 883 873 849
Fit of the model R’6.69% R*596% R*’598% R*536% R*5.84%  R>8.66%
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Table C2
Year separate estimation results for annuity market participation
This table reports estimation results from a probit model for annuity market participation separately for each
year. The regressions are based on data of non-retired households from the DHS panel for the years 2008-2012.
The estimates significant at the 10% level are denoted by *, at the 5% level by **, and at the 1% level by ***.
The reported estimates are point estimates for the probit model. For all models, clustered standard errors on the
household level are computed, which are reported underneath the coefficients in parentheses.

Annuity market participation

Variable 2008 2009 2010 2011 2012
Replacement rate 0.0197 0.0112 0.0020 -0.0002 -0.0051
(0.0191) (0.0163) (0.0147) (0.0152) (0.0191)
Replacement rate -0.0002 -0.0002 -4.92x10” 1.98x10” 0.0001
squared (0.0001) (0.0001) (0.0001) (0.0001) (0.0001)
Replacement rate 0.1552 -0.5670 -0.4336 -0.2527 -0.1507
unknown (0.6547) (0.5505) (0.5006) (0.5277) (0.6607)
Age 0.0101* 0.0158%**:* 0.0160%*** 0.0118* 0.0164**
(0.0056) (0.0058) (0.0062) (0.0063) (0.0074)
University educated -0.0171 -0.1766 -0.0067 0.0073 0.2418
(0.1735) (0.1796) (0.1791) (0.1817) (0.2027)
Vocational educated 0.0817 0.0226 0.0605 0.0954 0.1881
(0.1455) (0.1431) (0.1500) (0.1536) (0.1833)
High secondary 0.0287 0.0082 0.1982 0.1618 0.1782
educated (0.1434) (0.1428) (0.1470) (0.1500) (0.1831)
Married 0.2993%:* 0.0533 0.1153 0.0540 0.0836
(0.1201) (0.1205) (0.1194) (0.1208) (0.1341)
IHS(number of -0.2300%** -0.0282 0.0154 0.0883 -0.0521
children) (0.0804) (0.0806) (0.0818) (0.0819) (0.0920)
LN(disposable 0.2570%* 0.1428 0.1954* 0.2810%** 0.2706%**
income) (0.1057) (0.1102) (0.1094) (0.1167) (0.1210)
LN(financial wealth) 0.1162%** 0.1697*** 0.2169%*** 0.1664*** 0.1377*%*
(0.0351) (0.0372) (0.0401) (0.0398) (0.0429)
IHS(net worth) -0.0035 -0.0186%** -0.0118 -0.0054 -0.0139
(0.0090) (0.0093) (0.0104) (0.0095) (0.0101)
Stock market 0.1905 0.3530%* 0.1285 0.2716* 0.2761
participation (0.1576) (0.1538) (0.1477) (0.1556) (0.1846)
Constant -5.1290%** -3.925 %% -5.3777%** -5.7828%*** -5.7120%%*
(1.2282) (1.2077) (1.2211) (1.2897) (1.4145)
Nr. of observations 758 771 755 732 579
Fit of the model R*7.98% R*9.15% R”9.02% R’ 8.12% R’ 7.80%
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Table C3

Pooled probit estimation results for annuity market participation and conditional annuity value

This table reports estimation results from a pooled probit model including time fixed effects for annuity market
participation in column (1), from a pooled probit regression using the Mundlak approach including transformed
year dummies for annuity market participation, redefining the replacement rate in column (2), from a pooled
probit regression using the Mundlak approach including transformed year dummies for the annuity market
participation excluding inconsistent observations in column (3), from a pooled probit regression using the
Mundlak approach including transformed year dummies for annuity market participation, using a dummy
variable to indicate children, in column (4), and from a linear regression model including year dummies for the
natural logarithm of the annuity value, conditional upon participation. The regressions are based on data of non-
retired households from the DHS panel for the years 2002-2012. The coefficients significant at the 10% level are
denoted by *, at the 5% level by **, and at the 1% level by ***. The reported estimates are point estimates for
the regressions. For all models, clustered standard errors on the household level are computed, which are reported
underneath the coefficients in parentheses. Testing for the overall significance of the Mundlak terms in the
regression for annuity market participation (2) reports a chi-square statistic of 85.74***  annuity market
participation (3) 73.63***, and annuity market participation (4) 87.73***, Estimates of the year dummies and
Mundlak terms are not reported.

Variable Annuity Annuity Annuity Annuity Conditional
market market market market LN annuity
participation  participation  participation  participation value
€)) @) 3) “4)
Replacement rate 0.0116 -0.0154%** -0.0170%* -0.0186** 0.0176
(0.0092) (0.0077) (0.0092) (0.0088) (0.0140)
Replacement rate -0.0001%* 0.0001%* 0.0001%* 0.0001%*%* -0.0001
squared (0.0001) (0.0001) (0.0001) (0.0001) (0.0001)
Replacement rate 0.0529 0.6229 0.2588 0.5351 0.2158
unknown (0.3231) (0.4355) (0.4923) (0.4292) (0.4779)
Age 0.0098%*%*%* -0.0350%** 0.0467%#** -0.0388%*** 0.1431%*
(0.0034) (0.0070) (0.0054) (0.0070) (0.0568)
Age squared -0.0008
(0.0006)
University educated 0.0005 -0.0879 -0.0234 -0.0890 0.5430%**
(0.1114) (0.1171) (0.1480) (0.1168) (0.2263)
Vocational educated 0.0970 0.0537 0.1189 0.0500 0.2061
(0.0926) (0.0949) (0.1220) (0.0953) (0.1961)
High secondary 0.0968 0.0816 0.1916%* 0.0780 0.3212
educated (0.0891) (0.0898) (0.1161) (0.0898) (0.1955)
Married 0.0781 0.1089 0.0507 0.0789 0.2798%*%*
(0.0705) (0.0811) (0.0642) (0.0799) (0.1364)
IHS(number of -0.0187 0.1050 0.1154%*%* -0.1085
children) (0.0464) (0.0646) (0.0551) (0.0986)
LN(disposable 0.2290%%*%* 0.0676** 0.0614%#%*%* 0.0680%* 0.2392%%*
income) (0.0503) (0.0280) (0.0201) (0.0279) (0.1016)
LN(financial wealth)  0.1444%%%* 0.0886%** 0.0111 0.0872%%** 0.2527%#%*
(0.0201) (0.0159) (0.0119) (0.0159) (0.0448)
IHS(net worth) -0.0054 -0.0102%** -0.0062%%*%* -0.0101%** 0.0002
(0.0042) (0.0029) (0.0024) (0.0029) (0.0086)
Stock market 0.2427%%* 0.0675 0.0441 0.0691 2.2954%%*
participation (0.0864) (0.0702) (0.0426) (0.0696) (1.1452)
Stock market part. * -0.1562
LN(fin. wealth) (0.0977)
Children 0.2892%#*
(0.1085)
Intercept -4.8565%%* -6.8809%*** -7.4360%%* -6.8561#%* -2.4785
(0.5924) (1.0177) (1.2731) (1.0217) (1.5755)
Nr. of obs. 8,566 8,566 6,954 8,566 2,678
Fit of the model R* 6.56% R’ 7.33% R* 9.49% R*7.35% R 29.84%
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