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Abstract

This paper examines the association between income and remaining life expectancy at
the statutory retirement age of 65 the Netherlands. A mortality risk model which
explicitly controls for unobserved individual specific heterogeneity is estimated using
a large administrative dataset over the period 1996-2007. Remaining life expectancy
is estimated to be 16.0 years for men and 18.4 years for women in 2005. For men and
women, life expectancy is about three years less for lower income than for higher
income individuals. The remaining life expectancy for women with a lower income
spouse is about two years less than for women with a higher income spouse. For men
this difference is insignificant. An economic implication of these results is that
individuals’ internal rate of return of a uniform priced pension plan is positively

associated with income since higher income individuals live, on average, longer.
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1. Introduction

Previous literature has identified significant socioeconomic inequalities in mortality
risk over many populations and time periods (e.g., Duleep, 1986, Marmot et al., 1991,
Menchik, 1993, Kunst and Mackenbach, 1994, Hurd et al., 1999, Attanasio and
Hoynes, 2000, Blakely et al., 2004, Huisman, et al., 2004, Kunst et al., 2004, Palme
and Sandgren, 2008, Hupfeld, 2009). These socioeconomic inequalities in mortality
are commonly referred to as differential mortality and strongly support an inverse
relationship between income and mortality risk. Interest by policymakers in this
relationship stems from, among other things, that differential mortality implies a
relatively bad pension deal for lower income individuals. Compared to higher income
individuals, lower income individuals’ internal rate of return of a uniform priced
pension plan is, on average, lower since they have lower life expectancy, hence are
expected to claim pension benefits for a relatively shorter period (Menchik, 1993,
Brown, 2000, Simonovits, 2006, Bonenkamp, 2007, Hari, 2007). This is in particular
a concern for policymakers in developed countries such as the Netherlands because a
very large part of retirement consumption is financed out of pension income (Knoef et
al., 2009). Furthermore, public pension policy in the Netherlands aims at
redistributing income from the financially better to the financially worse off
individuals and this redistribution may be adversely affected by differential mortality
(Nelissen, 1999).

To this end, we empirically quantify the association between individuals’

income and remaining life expectancy at the statutory retirement age of 65 in the



Netherlands.! The theoretical framework for much of the empirical work in
economics on the relationships between socioeconomic position, health outcomes and
longevity is a seminal paper by Grossman (1972). Grossman’s model assumes that at
the start of the planning period individuals are endowed with a stock of knowledge
capital and a stock of health which deteriorates with age. Consumption is assumed to
be affected by knowledge capital, e.g. through investments in education, and by the
stock of health through its impact on the time spend on market activities. Individuals
have an incentive to invest in the stock of health as they derive utility from the stock
of health and consumption. Efficiency of the investments in the stock of health is
assumed to increase with knowledge capital. These mechanisms yield that the stock of
health deteriorates with age at a relatively slower rate for individuals with a higher
socioeconomic position (e.g. level of education). When the stock of health falls below
a threshold value the individual will decease.” In Grossman’s model the
socioeconomic position of an individual is positively related to both lifetime income
and longevity which implies an inverse association between lifetime income and
mortality risk. In line with this implication, and as mentioned above, empirical studies
have identified an inverse relationship between individuals’ financial situation and
mortality risk. Estimates of this relationship for different target populations with
respect to countries and age ranges and different approximations of lifetime income,

show that the ratio of mortality risk of individuals in the lowest quartile of the income

! Previous papers have been concerned with issues such as the implications of differential mortality for
the age-wealth profile (Atkinson, 1971, Shorrocks, 1975) and the incentives for saving during working
life for retirement consumption (Bloom et al., 2003), and the role of macroeconomic conditions in
increasing life expectancy (Prichett and Summers, 1996, Cutler et al., 2006, and Van den Berg et al.,
2006); however, such analyses are not an aim of this paper.

% Grossman (2000) provides a discussion on this and overviews the theoretical and empirical literature.



or wealth distribution over that of individuals in the highest quartile of the distribution
ranges from around two in Europe up to three for the U.S.* In the literature from
various disciplines there is an ongoing debate on the causal interpretation of this
relationship and the possible pathways through which socioeconomic position affects
health status and mortality (e.g., Macintyre, 1997, Marmot et al., 1991, and Smith,
1999, Snyder and Evans, 2006). This paper takes the position that there is, or might
be, an association between income and mortality risk, without assuming a causal
relationship, and aims at estimating this association.

The contribution of this paper to the empirical literature on the relationship
between income and mortality risk is threefold. First, we quantify the association
between income and mortality risk for the Netherlands for individuals aged 65 years
of age or over (the retired population). As far we know this has not been done before
as previous studies mentioned above for the Netherlands have most often examined
the association between education and (prime age male) mortality risk (e.g. Kunst and
Mackenbach, 1994). We choose the age of 65 because this is the statutory retirement
age in the Netherlands and from this age onwards all individuals receive an old age
public pension independent of their earnings history’ and, depending on their earnings
history, an occupational pension (e.g. Nelissen, 1999). As mentioned above, income
during retirement mainly consists of pension income which is closely related to
individual’s earnings history and therefore considered a good proxy for lifetime

income, which is the suggested measure by the economic theory discussed above.

3 Duleep (1986) and Attanasio and Hoynes (2000) for the U.S., Osler et al. (2002) for Denmark,
Attanasio and Emmerson (2003) for the U.K., Blakely et al. (2004) for New Zealand, and Gaudecker
and Scholz (2006) for Germany,

* Eligibility and amount only depends on the years registered living in the Netherlands between the

ages of 15 and 65 (2% of the full public pension benefit for each year).



Second, we make a distinction between income of the individual and income of the
spouse. Previous studies have used, depending on data availability, either individual
income or the sum of individual and spouse’s income, i.e. household income.
Grossman’s model, discussed above, is on individual choice and a natural starting
point of analysis is the association between individual income and mortality. In his
model a spouse may improve efficiency of an individuals’ investment in the stock of
health and the more so the higher a partner’s socioeconomic position. If so, this has
the implication as an individual’s income is not only associated with own mortality
risk but also with that of the spouse. Third, our empirical model controls for
unobserved individual specific heterogeneity. Inherent to the analysis of mortality risk
is that with age the sample becomes more selective with respect to both observed and
unobserved characteristics. This is referred to as dynamic selection and not
controlling for this may bias the results (Cameron and Heckman, 1998, Van den Berg,
2001). Panel data or duration data is required to control for dynamic selection. Most
of the previous papers discussed above use (pooled) cross-section data. Using
duration data Hupfeld (2009) does not control for unobserved heterogeneity and Van
den Berg et al. (2006) mentions that controlling for unobserved heterogeneity does not
affect the estimates of the impact of economic conditions early in life on individual
mortality.

This paper is organized as follows. Section 2 describes the data. Section 3
formulates the empirical model for analysing mortality risk and discusses the
estimation procedure. Section 4 reports and discusses the estimation results. Section 5

summarizes the main results and concludes.



2. The Data

Data are taken from the 1996-2007 Income Panel Study of the Netherlands (IPO,
Inkomens Panel Onderzoek, CBS 2009a) and 1997-2008 Causes of Death registry
(DO, Doodsoorzaken, CBS 2009b). These data are gathered by Statistics Netherlands.

IPO is a representative sample of the Dutch population. The data are an
administrative panel dataset of about 92,000 individuals in 1996 and increasing to
about 99,000 individuals in 2007 due to population growth. Sampling is based on the
national security number of individuals. A selected individual is followed over time as
long as he or she is a resident in the Netherlands on the 31% of December of the
sample year. Individuals who are living in old age institutions such as nursing homes
are included.” An individual enters the panel for the first time in the year of birth
when born in the Netherlands or in the year of arrival when immigrated to the
Netherlands. An individual exits the panel when emigrating from the Netherlands or
when he or she has deceased. There is no panel attrition for reasons other than
mortality and emigration.’

IPO has information on the demographic characteristics and income of each
member of the individual’s household. This information is obtained from official
institutions and mainly the population registry and tax office. DO data provide
information on the date and causes of death of all residents that have deceased during

the period 1997-2008. These data are medical records provided by medical examiners

> Survey data used in most previous studies usually do not include the institutionalized population.
% Attrition in survey data is often at an annual rate of 20% or more (e.g., Attanasio and Emmerson,
2003), which may lead to inconsistent estimates of the association between income and mortality risk if

attrition is, for instance, strongly related to health status.



who are legally obliged to submit these to Statistics Netherlands. The DO data also
contain a person identifier that makes it possible to identify whether or not an
individual in the IPO has deceased next calendar year.

We select individuals aged 65 or over and these constitute about 12.8% of the
sample in 1996 and increasing to 13.9% in 2007. This raw dataset consists of 21,159
individuals who make up for 151,120 observations over the period 1996-2007. We
remove about 6% of the observations because of negative or zero income, or missing
values on the key variables (age, marital status and income). This removal affects
relatively more men than women (11% versus 4%). After controlling for gender, the
mortality rate among the individuals who are excluded is not significantly different
from the mortality rate among those included.” Panel attrition for reasons other than
mortality, i.e. due to emigration or missing values, is about 0.3% per year. The
resulting sample consists of 19,258 individuals of whom 11,601 are women and 7,657
are men. Of these individuals, 8157 (42%) are followed from the age of 65 onwards.

In total we have 141,725 observations.

2.1 Variable Definitions and Descriptive Statistics

In the analysis we use the variables gender, age marital status and income. Age is
defined as the age at 1% of January of each year. This date is chosen because the
income is measured over a calendar year - which is the fiscal year in the Netherlands -
and in this way we ensure that income at age 65 is measured over the first entire
calendar year in retirement. Table 1 reports the number of observations by age and
gender. The variable marital status distinguishes between a single adult household

which includes divorcees (hereafter “single”), a married or cohabiting couple

” The p-value corresponding to the null-hypothesis of no difference is equal to 0.261.



(“married”) and a widowed individual. Table 1 reports marital status by age and
gender. The statistics in table 1 are dominated by the well-known fact that women
live, on average, longer than men. This yields, for instance, an increasing proportion
of women in the sample with age (last column panel A) and, at a given age, relatively
more widowed and fewer married women than men (panel B). Statistics Netherlands
requires that in the tables that follow we report ‘-’ if the number of observations on
which the statistic is based is below 25.

The income data in the IPO are mainly based on tax records and contain
detailed and accurate information on all income components. Income is gross of
income tax and social insurance contributions and measured in 2005 euro using the
consumer price index. Individual income is defined as the sum of pension, labour,
transfer and capital income. Table Al, appendix A, shows more details on these
components, its definitions and that, as stated in the introduction, for both men and
women over 90% of income is pension income. All income components are observed
at the individual level and, in case of a couple, are also observed for the spouse.
Income from other household members is excluded from the analysis.®

Table 2 reports the distribution of income by gender and marital status. Mean
income of single and widowed men is higher than that of single and widowed women
and the distribution of income for single and widowed men is wider than the
distribution of income for single and widowed women. The distribution of income for
married men, and also for singles, shows a decrease in median income with age, while
mean income remains relatively constant. This is most likely the result of changing
distribution of income over the cohorts (Knoef et al., 2009). The income distribution

for married women is rather compressed. This is in part because many retired married

¥ About 8% of households have other household members and these are mostly children.



women have no earnings history’ and receive only old age public pension benefits but
is also because before 1990 part-time work often did not come with a pension plan or
with a pension plan with a relatively high threshold before any pension contributions
could be made.

A comparison of the tables for married men and women shows that women’s
income account for, on average, one-third of household income. Not shown here is

that the rank correlation between income of the individual and spouse is about 0.10.

2.2 Differential Mortality

Mortality is defined as having deceased next year. About 38% of the individuals have
deceased over the sample period. Table 3 shows the well-known patterns that
mortality risk increases with age and that men have a higher mortality risk than
women. Furthermore, age-specific mortality risk is lower among married individuals
than among singles or widowed individuals. The sample statistics on mortality risk by
gender and age compare favourably to the population statistics reported in the column
“HMD?”, i.e. differences between the two by age and gender are small. Table 4 reports
on the mortality risk by quartiles of the distribution of individual and spouse’s
income. Age-specific mortality risk between singles and widowed individuals are not
that much different and we therefore pool them in panel A. Panel A shows that
mortality risk decreases with income quartile for single men and women and this
increase appears strongest up to the third quartile. A measure of differential mortality
is the ratio is mortality risk among individuals in the first quartile of the income

distribution over mortality risk among individuals in the fourth quartile of the income

? In our sample, about 25% of women aged 65-69 have an occupational pension, for women aged 70-74

this is about 20% and for women 75 or over this is about 16%.

10



distribution (columns “Q1/Q4”). A comparison of panels A and B shows that
differential mortality is stronger for married men than for single men (2.4 versus 1.7)
and for married women weaker than for single women (1.4 versus 1.9). Overall,
differential mortality appears to decline with age. These statistics are in line with
findings in other European studies and lower that those reported for the U.S. (see
introduction). Panel C shows differential mortality with respect to spouse’s income.
Interestingly, for both men and women a similar differential mortality pattern is
observed as when considering individual income, albeit much weaker for men. We are

not aware of any comparable statistics in the literature.

3. Mortality Risk Model

This section outlines our empirical model for analysing mortality risk. As discussed in
section 2, we observe whether or not an individual has deceased next year. We
consider the following latent variable model that relates next year’s mortality risk, at

age (a+1), to an individual’s characteristics at age a:

Ha+1:aa+Xaﬁ+A+gaﬂ (1)

a+l

{Mmzl if H, <0

M, =0 otherwise

In the context of this paper, and in line with Grossman’s model, the latent variable
H, can be thought of as individual’s stock of health. If the stock of health falls next
year below a threshold, normalised to zero in the equation (1), the individual will

decease. For now we suppress the index for the individual. The variable M __,, denotes

a+l

observed mortality at age (a+1). M, is equal to one if an individual became a years
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old and has deceased at age (a+1), and zero otherwise. a, is an age specific intercept,
X, 1s a (1xk) vector of individual’s observed characteristics at age a, including marital
status and income, with a corresponding (kx1) parameter vector 5. A denotes an
individual’s unobserved characteristic and is assumed constant over time and
independent of the covariates at age 65. This assumption does not exclude
dependency between the covariates and A at later ages. The random effect is assumed
to be normally distributed with mean zero. The error term ¢, is assumed to follow a

logistic distribution and is independently distributed across individuals and time with

mean zero and a variance that is normalized to 7> /3.

3.1 Dynamic Selection and Initial Conditions
Inherent to a study of mortality risk over the lifecycle is that the population at risk
changes with age. The model outlined above explicitly accounts for random effects
and thereby allows for sample selection with age on the basis of both observed and
unobserved characteristics. This is referred to as dynamic selection (Cameron and
Heckman, 1998). If mortality risk is inversely related to income and the unobserved
characteristic (A), the low income (high income) individuals with a high (low) value
of A are more likely to survive one more year than individuals who have a low
income and a low value of A. In this example dynamic selection results in a
population at risk in which the correlation between A and retirement income becomes
increasingly negative with age up to some age and will decrease thereafter.

When all individuals are observed from the age of 65 the model outlined
above takes dynamic selection into account. However, as reported in section 2, 42%
of the individuals enter the sample at age 65 and the remaining 58% enter the sample

at a later age. We denote the age of an individual when first observed in the sample as

12



age T (7 = 65). Dynamic selection implies that the individuals entering the sample at a
later age are a selective sample with respect to retirement income and their value of A
since they survived up to age z. Not taking this into account would yield inconsistent
estimates of a, and f (Cameron and Heckman, 1998, Van den Berg, 2001). A solution
is to explicitly take the dependency between random effect and retirement income at
the age of entry (after age 65) into account. Essentially the dependency between the
covariates and the random effect A at the age of first observation 7 is parametrised for
individuals who enter the sample after the statutory retirement age of 65.'° This

parameterization is formalized as follows
A=Xy+60, (2)
where X, = (1, X,)x(r—65) with a corresponding ((k+1)x1) parameter vector j.

Scaling the effects of the covariates at age  with the factor (7 — 65) takes into account

that the dependency between the random effect and retirement income becomes more
negative with age - as discussed in the example above. 6 is a random effect that is
assumed independent of X, and normally distributed with mean zero and variance 5~ .
Consistent estimates of the a,’s and £ are obtained under the additional assumption
formalized in equation (2).

As mentioned above, at some age the dependency between the covariates and
the random effect A may start to decrease in absolute terms as the sample becomes

more homogeneous. This would imply an inclusion in Eq.(2) of the term

X.> =(1,X,)x(r—65)". We have experimented with this and found that such a more

flexible specification of Eq.(2) does not alter the main conclusions of this paper.

' This can be considered a solution in the spirit of Wooldridge (1995) who explicitly models the

dependency between random effects and explanatory variables in nonlinear models.
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3.2 Estimation, identification and empirical specification
Given the model outlined above, mortality risk evolves over the lifecycle conditional

on observed and unobserved characteristics as follows
Pr(M,.,=1|X,,X,,M,=0)=F(a, +X,B+X,7+0). 3)

The condition M, = 0 formalizes that the population at risk are all individuals who are
alive at age a. F(.) is the logistic cumulative distribution function. Equation (3) is used
to set up the likelihood function in which we integrate out the unobserved individual
specific effect. The individual is denoted by i, 7(i) is the age of the individual when
first observed in the sample and A4(i) is the age of the individual when last observed in
the sample. The variable m(i) is equal to one if the individual has deceased at age
A(7)+1, and zero otherwise. Maximum likelihood estimates of the model parameters

are given by

(@.8.7.6)=

N A(i)-1 I1(A(i)>7(i))
argmaleog[rm( ]Q[ (1-F(a, +X,0B8+ X, (Or+ 6’(1’))))

a.By.0 o =\ a=r()

X(l B F(aa + X, OB+ )?,(i) i)y + g(i)))lmu)

X(F(% + X0 (l')ﬁ‘*;(m) Oy + e(i)))m(i) dq{%na 4)

Where o =(¢,..,;), T is the maximum age an individual may reach, N is the

number of individuals and®is the cumulative normal distribution function. The

estimated model is often referred to as a random effects panel data Logit model
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(Wooldridge, 2001)."" From the point of view of a discrete hazard rate model,
equation (4) imposes proportionality between the age pattern, the covariates and the
random effects to ensure identification of the distribution of the random effects (see,
e.g., Cameron and Trivedi 2005).

In order to estimate the association between individual’s and spouse’s income

and mortality risk we parametrise equation (1) as follows:

H, A =a,+0AGE, + BMARRIED, + 5, WIDOW,
+8,In(Y! )+ B, In(Y/ )x MARRIED, + A+, (5)
The association between mortality risk and individual retirement income (Y ) and

mortality risk and spouse’s retirement income (Y. ) are given by, respectively, f; and

Pas. We follow Snyder and Evans (2006) and use a logarithmic specification to capture
the nonlinear relationship between income and mortality risk. MARRIED is a dummy
variable equal to one if the individual is married or cohabiting and zero otherwise.
WIDOW is a dummy variable equal to one if the individual is widowed and zero
otherwise. The reference category for marital status is a single adult household. We
have tried more flexible empirical specifications, for instance age specific intercepts
instead of a linear function in age, and briefly discuss these in the next section. The
model is estimated separately for men and women.

In addition we control in the empirical analysis for time effects. This implies
that we do not explicitly model cohort effects. This might affect the estimated age

pattern since an individual’s birth cohort is equal to the year of observation minus

""" The model is estimated using the xtlogit command of the software package STATA

(www.stata.com).
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individual’s age. However, if, for instance, the cohort effect is linear, this will not

affect the estimate of the other parameters of eq.(5).

3.3 Monte Carlo Simulations

Whereas the parameter estimates of the model outlined above provide insights into the
direction and relative size of the associations between the covariates and mortality
risk, they offer no clear insights into the quantitative association with remaining life
expectancy at age 65. Therefore, the second part of the empirical analysis simulates
remaining life expectancy at 65 and examines how this is associated with individual
and spouse’s income by gender and marital status at the age of 65. We refer to
appendix C for the technical details.

Income during retirement depends on lifetime earnings. The way they relate
depends on the rules of the public and private pension systems. We take these rules
into account when calculating income during retirement conditional on income before
retirement, which is referred to as pension related gross yearly salary. Income during
retirement, in turn, is input of the simulation exercise. Table 5 presents for several
types of households the income during retirement conditional on pension related gross
yearly salary. The pension related gross yearly salary determines the occupational
pension income an individual receives on top of an old age public pension. All
individuals are assumed to have lived in the Netherlands from the age of 15 onwards
and are therefore entitled to a flat rate public pension benefit that only depends on
household composition. The spouse’s age, in case of a marriage, is the same as the
age of the individual. The baseline situations are for individuals with a pension related
gross yearly salary equal to median income in the Netherlands in 2005, which is

€29,500. We assume that occupational pension is based on 40 years of employment.

16



For the cohorts included in the analysis most men have worked fulltime before the age
of 65 and most women have not worked and about a quarter have worked part-time
before the age of 65. The presented baseline situations in table 5 take these scenarios
into account.

The rules we apply for calculating income during retirement are in line with
the rules as applied by the largest pension funds (see footnote table 5). For instance,
these calculations take into account that when a woman becomes widowed she is
entitled to a part of the deceased husband’s occupational pension. In the simulation
exercise we consider differences from the baseline situations due to changes in the
pension related gross yearly salary. In the simulation results median income refers to
median pension related gross salary (see table 5), low income refers to a pension
related gross salary based on minimum wage throughout working life and high
income refers to a pension related gross salary based on two times median income
(see table A2, appendix A). These income classifications roughly correspond to the

averages in the lowest and highest income quartiles for the different household types.

4. Empirical Results

The estimation results of the model outlined in section 3 are reported in table 6 and
discussed in section 4.1. Tables 7 and 8 report and section 4.2 discusses the simulation
results. In the following discussion, we use a 5% level of significance unless stated
otherwise.

Before proceeding to the estimation results we briefly discuss model selection.

We have considered models containing a nonparametric specification of the age

17



dependency of mortality risk and quadratic log-income effects. The results of these
models are in tables A3 and A4, appendix A. Statistical test results reveal for both
men and women that quadratic log-income terms are jointly insignificant and,
moreover, that the nonparametric age function can be restricted to a function linear in
age.12 The restricted specification is as outlined in section 3 (model 3 in table A3 and
model 7 in table A4) and the results concerning the main parameters of interest are

also reported in Table 6.

4.1 Estimation Results
The results in table 6 show that individual income is negatively associated with
mortality risk for both men and women and the parameter estimate is roughly of the
same magnitude. A statistical test does not reject the null hypothesis of equality of the
association between individual income and mortality risk for men and women. 13
Mortality risk is negatively associated with spouse’s income. The association
is also roughly of same magnitude for men and women but for men this association is
insignificant. For women we reject a one-sided hypothesis that spouse’s income has
no association, against the alternative of a negative association, with mortality risk.'*
The estimates of the effects of marital status cannot be directly interpreted due to the
interaction with spouse’s income and we return to this in the next section.
The estimate of the standard deviation of the random effect is significant for

both men and women and underlines the importance of controlling for dynamic

"2 Furthermore we have considered an interaction terms between individual income and WIDOW and
MARRIED. These interaction terms turned out to be jointly insignificant for both men and women.
" The p-value corresponding to this null-hypothesis is 0.816.

' The p-value corresponding to Hy: £4<0 is 0.040.
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selection. Furthermore, as reported at the bottom of table 6, the additional covariates
to control for possible dependency between the random effect and the covariates at
age 7, as formulated in Eq.(2), are jointly significant for men but for women only at a
10% level of significance. We discuss the quantitative importance of random effects

for differential mortality in the next section.

4.2 Simulation results

The results given in table 7, which are based on Monte Carlo simulation as outlined in
section 3, quantify the association between income and remaining life expectancy at
the age of 65 by gender for the different household types and income scenarios (see
tables 5 and A2). The point estimates of (unconditional) remaining life expectancy at
age 65 are 16.0 years for men and 18.4 for women."

As discussed in section 3, the baseline situation is based on median income
and considers three types of households. For single men remaining life expectancy is
about 12 years and for single women about 17.5 years (first column, first to rows,
table 7). Remaining life expectancy at 65 is considerably higher for married
individuals, about 16 years for married men and 20.5 years for married women (first
column, last to rows). The differences between single and married individuals are
significant and about 4 years for men and 3 years for women.'®

The second and third columns report for each of the three household types on
the change in life expectancy associated with a 10% higher than median income for

either men or women. Table 7 shows that this association is about the same across

' For this purpose we estimate the model with only age and year dummies. The estimates, based on
simulations, for remaining life expectancy are 15.99 (0.49) for men and 18.41 (0.38) for women.

' Estimates of these differences are 3.957 (0.487) for men and 3.099 (0.641) for women.
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gender and household type: the point estimates vary between 0.2 and 0.26 with
standard errors of 0.04. Compared to individuals with median income, life expectancy
at age 65 of individuals with a 10% above median income is about 2.5 to 3 months
higher.

The fourth and fifth columns report on the differences in remaining life
expectancies between lower income and median income individuals. An individual on
minimum wage or with no earnings (low income) during working life receives only a
public old age pension benefits during retirement. For single men and women the
difference in remaining life expectancy is about one year (-1.20 for men, -1.06 for
women). For married men this difference is about 1.6 years (third and fifth row) and
for married woman about 1 year (sixth row). The sixth and seventh columns report on
the differences in remaining life expectancies between higher income individuals,
defined as two times median income, and median income individuals. For both men
and women the point estimate of this difference is around 1.6-1.8 years (1.59 for a
single man, 1.65 for a single woman, 1.78 and 1.80 for married men, and 1.60 for a
married woman). To summarize, the difference in remaining life expectancy at age 65
between lower income individuals who only have a public old age pension and higher
income individuals is about three years for both men and women.

Next we turn to the association between remaining life expectancy at 65 and
spouse’s income. Table 7, fourth and sixth rows, shows that, compared to married
women with a spouses with median income, life expectancy at age 65 of women with
a spouses with a 10% above median income is 0.17-0.19 years higher (almost two
months). For married men (fifth line) this difference is smaller and insignificant
(0.06). Turning to the last rows in columns four and six, the difference in remaining

life expectancy at 65 between women with a spouse who has a low income and
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women with a spouse with a high income is about two years (1.26 — (-1.02)). For men
this difference is less than one year and insignificant.

Finally we turn to the importance of dynamic selection. As discussed above,
we find a significant presence of unobserved individual specific heterogeneity (see
table 6). To quantify its importance we have estimated the model without controlling
for unobserved individual specific heterogeneity. These estimation results are reported
in tables A3 (model 4) and A4 (model 8) in appendix A. Next we have performed the
same simulations of remaining life expectancies at age 65 as above and these results
are reported in table 8. Given the standard errors, the differences with the results in
table 7 are mostly insignificant. One reason for this is that although the estimated
standard deviations of the random effects are significant they are relatively small

compared to the standard deviation of the error term in Eq.(1) which is equal to

7> /3 =1.81. Nevertheless, the overall picture that emerges from a comparison of
the results in tables 7 and 8 is that the association with individual income becomes
less strong when not controlling for dynamic selection. This suggests that failing to
control for dynamic selection may yield an attenuation bias in the association between

income and mortality risk.
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5. Conclusion and Discussion

This paper examines the association between individuals’ retirement income and
remaining life expectancy at the statutory retirement age of 65 in the Netherlands. For
this purpose a mortality risk model is estimated which explicitly controls for
unobserved individual specific heterogeneity. The data are administrative data taken
from the 1996-2007 Income Panel Study of the Netherlands supplemented with data
from the Causes of Death registry. For the whole sample, remaining life expectancy at
65 is estimated to be about 16.0 years for men and 18.4 years for women. The main
empirical findings are summarized as follows.

For both men and women we find that mortality risk is negatively associated
with individual income. A 10% higher than median individual income is associated
with a 2.5 to 3 months higher remaining life expectancy at 65 for both men and
women. The difference in remaining life expectancy at age 65 between lower income
individuals who only have a public old age pension and higher income individuals,
defined as two times median income, is about three years for both men and women. A
strong implication of these findings that has not yet been reported in the literature is
that differential mortality with respect to individual income is equally strong for
women as it is for men.

Remaining life expectancy at 65 for women is found to be strongly associated
with income of the spouse. Remaining life expectancy is about two years less for
women with a lower income spouse than for women with a higher income spouse.
There are two reasons for this difference. Firstly, income of the spouse is negatively
associated women’s mortality risk (see table 6). Secondly, marriage is negatively

associated with mortality risk and women benefit, on average, from an extended
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duration of marriage when married to a higher income man. For men we find not such
associations, mainly because men benefit relatively less from a higher income spouse
as they live, on average, shorter than women.

A methodological finding is a significant presence of unobserved individual
specific heterogeneity for both men and women. This underlines the importance of
controlling for dynamic selection and implies that ignoring dynamic selection may
yield an attenuation bias in the association between remaining life expectancy at age
65 and individual income.

An important economic implication of our results, in line with previous studies,
is that individuals’ internal rate of return of a uniform priced pension scheme is
positively associated with income since higher income individuals live, on average,
longer. In other words, lower income individuals receive a bad pension deal and
higher income individuals receive a good pension deal. We have quantified the
association between income and remaining life expectancy at age 65 and this may be
useful information for policymakers in the Netherlands who are currently debating
pension reforms. For instance, in line with recent pension reforms in several European
countries, the Dutch government plans to increase the statutory retirement age from
65 to 67 for public old age and occupational pensions and hereby keeping the benefits
unchanged (CPB, 2009). As argued by opponents of this policy reform (FNV, 2009),
this increase will have a relatively larger negative impact on the expected pension
benefit duration of the lower than of the higher income individuals. The empirical
results of this paper are in support of this argument and imply that the decrease in the

expected pension benefit duration is about 20-25% larger for lower than for higher
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income individuals.'” This is, however, only one element of the complex nature of the
effects this pension reform may have on the economy as a whole and on the welfare

of individuals.
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Appendix A

Table A1 Components of individual income during retirement *

Male income components

public Occupational Labour  Transfer  Capital
Age pension pension income income income Total
% % % % % %

65-69 51.8 39.7 3.9 1.4 3.1 100.0
70-74 52.3 37.9 2.4 2.2 5.3 100.0
75-79 53.9 35.1 1.3 2.9 6.9 100.0
80-84 56.5 31.1 0.9 3.6 8.0 100.0
85-89 61.9 26.3 0.6 33 7.8 100.0
90-94 66.6 22.7 0.5 2.4 7.8 100.0

95+ 67.5 25.8 1.6 0.9 4.1 100.0
Total 53.6 36.4 2.4 2.3 5.4 100.0

Female income components

public Occupational Labour  Transfer  Capital
Age pension pension income income income Total
% % % % % %

65-69 80.9 13.2 1.3 2.2 2.4 100.0
70-74 79.0 14.0 0.8 2.6 3.6 100.0
75-79 76.3 15.3 0.6 3.1 4.8 100.0
80-84 74.4 16.5 0.6 34 5.2 100.0
85-89 73.9 16.7 0.6 3.5 5.4 100.0
90-94 753 15.2 0.5 3.0 6.1 100.0

95+ 75.7 15.4 0.2 3.0 5.7 100.0
Total 77.7 14.7 0.8 2.8 4.0 100.0

¥ All residents from the statutory retirement age of 65 onwards receive a public old age pension.
Occupational pensions are mainly pensions related to employment before age 65. Private annuities are
included and may be more common among the self-employed. Labour income includes work related
earnings and income from self-employment. Transfer income includes mainly alimony payments or
receipts and rental subsidies. Capital income includes mainly interest, dividends and income from real
estate. A few income components might be considered household rather than individual income, e.g.

rental subsidies. These components are recorded on an individual level by Statistics Netherlands.
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Table A3 Estimation results for men

Mortality Risk Model 1

Model 2

Model 3

Model 4

Parameter Standard
estimate error

Parameter Standard Parameter Standard Parameter Standard

estimate

error

estimate

error

estimate

error

Constant -1.854 0.485 -2.597 0.248 -11.385 1.016 -9.852 0.272
Year = 1996 0.000 0.000 0.000 0.000
Year = 1997 0.045 0.095 0.046 0.095 0.037 0.096 0.050 0.094
Year = 1998 0.107 0.098 0.110 0.098 0.090 0.099 0.114 0.093
Year = 1999 0.047 0.104 0.053 0.104 0.029 0.105 0.064 0.094
Year = 2000 0.036 0.111 0.045 0.111  0.009 0.111 0.055 0.094
Year =2001 0.094 0.118 0.108 0.118 0.059 0.117 0.118 0.093
Year = 2002 0.040 0.128 0.056 0.128 -0.002 0.125 0.068 0.093
Year = 2003 -0.029 0.138 -0.011 0.137 -0.079 0.133  0.005 0.095
Year = 2004 -0.047 0.147 -0.026 0.146 -0.108 0.141 -0.011 0.094
Year = 2005 -0.198 0.157 -0.174 0.157 -0.272 0.150 -0.161 0.097
Year = 2006 -0.186 0.166 -0.161 0.166 -0.270 0.156 -0.144 0.096
Year = 2007 -0.225 0.176 -0.198 0.176 -0.317 0.165 -0.176 0.097
Age specific dummy
variables ¥ included included excluded excluded
Age 0.139 0.015 0.111 0.003
Single 0.000 0.000 0.000 0.000
Married -0.406 0.550 -0.556 0.259 -0.551 0.266 -0.183 0.223
Widowed -0.324 0.092 -0.321 0.093 -0.325 0.096 -0.217 0.069
Ln(Y") -0.893 0.295 -0.396 0.057 -0.405 0.058 -0.313 0.041
Ln(Y") -0.233  0.428 -0.105 0.112 -0.117 0.114 -0.196 0.100
Ln(Y")? 0.083 0.049
Ln(Y")? 0.024 0.086
Age x (7-65) 0.000 0.056 -0.050 0.024 -0.071 0.022
Single x (z-65) 0.000 0.000 0.000 0.000
Married x (z-65) 0.069 0.045 0.046 0.023 0.045 0.024
Widowed x (z-65) 0.016 0.010 0.015 0.010 0.014 0.010
Ln(Y") x (-65) -0.026 0.036 0.010 0.005 0.010 0.005
Ln(Y") x (z-65) -0.031 0.035 -0.011 0.010 -0.010 0.011
Ln(Y") x (z-65) 0.006 0.006
Ln(Y")? x (-65) 0.004 0.007
Stand.dev. random effect 0.246 0.128 0.250 0.156 0.420 0.155
Log-likelihood value -10888.2 -10892.0 -10906.5 -10915.2
Number of observations 54617 54617 54617 54617
Number of individuals 7657 7657 7657 7657
Number of parameters 57 53 23 17

p-value

LR-test, model 2 against model 1 0.102
LR-test, model 3 against model 2 0.518
LR-test, model 4 against model 3 0.008

¥ Dummy variables are included for from age 66 up to and including age 95 and a linear effect for ages
over 95 (65 is the reference age). When these are excluded the variable ‘age’ is included.
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Table A4 Estimation results for women

Mortality Risk Model 5 Model 6 Model 7 Model 8

Parameter Standard Parameter Standard Parameter Standard Parameter Standard
estimate error estimate error estimate error estimate error

Constant -2.666 0.654 -3.192 0276 -10.487 0.846 -11.381 0.256

Year = 1996 0.000 0.000 0.000 0.000

Year = 1997 0.119 0.086 0.118 0.086 0.137 0.085 0.119 0.084

Year = 1998 0.137 0.090 0.134 0.090 0.168 0.088 0.134 0.084

Year = 1999 0.202 0.096 0.198 0.096 0.247 0.091 0.197 0.082

Year =2000 0.165 0.106 0.161 0.106 0.226 0.098 0.160 0.083

Year =2001 0.183 0.116 0.179 0.116 0.260 0.105 0.181 0.082

Year =2002 0.221 0.127 0.217 0.127 0.311 0.112 0.216 0.082

Year =2003 0.122 0.140 0.118 0.140 0.230 0.122 0.119 0.084

Year =2004 0.089 0.152 0.086 0.152 0.213 0.131 0.088 0.084

Year =2005 0.089 0.164 0.086 0.164 0.227 0.139 0.090 0.083

Year =2006 -0.129 0.178 -0.131 0.178 0.025 0.150 -0.125 0.087

Year =2007 0.096 0.188 0.093 0.188 0.264 0.157 0.100 0.083

Age specific dummy

variables ¥ included included excluded excluded

Age 0.110 0.013 0.121 0.002

Single 0.000 0.000 0.000 0.000

Married -0.952 0.740 -0.348 0.228 -0.349 0.228 -0.091 0.185

Widowed -0.092 0.085 -0.090 0.085 -0.087 0.085 -0.036 0.050

Ln(YI) -0.812  0.425 -0.456 0.072 -0.454 0.072 -0.377 0.050

Ln(YP) 0.256 0482 -0.130 0.074 -0.129 0.074 -0.170 0.060

Ln(Y")? 0.059  0.072

Ln(Y") -0.064 0.078

Age x (1-65) 0.021 0.048 -0.029 0.023 -0.012 0.020

Single x (7-65) 0.000 0.000 0.000 0.000

Married x (z-65) 0.059 0.057 0.032 0.018 0.033 0.018

Widowed x (7-65) 0.005 0.006 0.004 0.006 0.004 0.006

Ln(YI) X (7-65) -0.026  0.030 0.008 0.005 0.008 0.005

Ln(YP) X (7-65) -0.028 0.039 -0.006 0.006 -0.006 0.006

Ln(Y")? x (z-65) 0.006  0.005

Ln(Y")? x (-65) 0.004  0.007

Stand.dev. random effect 0254 0.152 0.252 0.134 0.233 0.046

Log-likelihood value -14804.7 14807.6 -14824.3 14829.2

Number of observations 87108 87108 87108 87108

Number of individuals 11601 11601 11601 11601

Number of parameters 57 53 23 17
p-value

LR-test, model 6 against model 5 0.215
LR-test, model 7 against model 6 0.299
LR-test, model 8 against model 7 0.137

¥ Dummy variables are included for from age 66 up to and including age 95 and a linear effect for ages
over 95 (65 is the reference age). When these are excluded the variable ‘age’ is included.
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Appendix B
The distribution function of life duration at age 7 (denoted by D) conditional on a

vector of observed characteristics X ={X_,..,X,} 1s modelled as a sequence of

T

yearly mortality risks and for &> is given by

Pr(D=d|D>1;X,0)

Pr(D=dND>7|x,0) Pr(D=d|x,6)

Pr(D27|x,0) Pr(D27|x,0)’

_Pr(D2d|x,6’)XPr(D=d|x,6’)
Pr(D>7|x,0) Pr(D>d|x,6)

2

Pr(D>d|x,6)
» = xPr(D=d|D>d;X,6),
Pr(D>7|x,0)

Pr(DZdlx’e)xF( +X,8+X,7+6)
29 = aa T s
Pr(D>7|x,0) ! 4

U
L

(I—F(aa + X B+ X y+ 49))
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5 [
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(I—F(aa + X B+ X y+ 49))

(=]

a=!

QU

. - _1(1—F(aa+Xa,8+)~(,7/+9))><F(%+Xd,5+)~(f7/+9)’

T

Q
Il

and for d=t given by

Pr(D=d|D>1;X,0)

Pr(D=d|x,0) Pr(D2d|x,0)
= = xPr(D=d|D>d;X,6),
Pr(D2d|x,0) Pr(D2d|x0)

" =F(a,+X,8+X,7+6).
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Appendix C Monte Carlo simulations

The Monte Carlo simulations are based on the distribution function of remaining life
duration at age 65 as derived in appendix B. We perform the Monte Carlo simulations
as follows. We define a group of reference individuals - referred to as the baseline -
with the same characteristics, for instance married men with median income. The
estimates of the parameter of Eq.(1) together with the assumption that the error term
in Eq.(1) follows a logistic distribution, enable calculation of the probabilities that at
the age of 65 each individual of this reference group has deceased next year. Next we
compare these probabilities with random drawings from the uniform distribution to
simulate whether or not each individual has deceased next year (see e.g., Law and
Kelton 1982). Finally, we simulate age-by-age the mortality status for each individual
in the reference group until the age of 105. We assume that next year’s mortality
probability is equal to one at age 105. In this way we obtain the simulated mortality
status for each individual in this group from the age of 65 up to 105. These sequences
are used to calculate the mean remaining life duration at 65 for this homogenous
reference group of individuals. We then rerun these simulations with a change in one
of the covariates, e.g. a different income level, so that the differences between these
simulation outcomes and the baseline simulation outcomes can reveal the association
of this covariate with remaining life expectancy at 65, holding all other factors
constant. We perform these Monte Carlo simulations for 10,000 (identical)
individuals. The standard errors for the differences from the baseline situation are
based on 100 drawings from the asymptotic distribution around the parameter

estimates.
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Table 1 Number of observations by age and marital status by age and gender

Panel A Number of observations Age distribution by gender

Men Women Men Women Share of women
Age % % %
65-69 17,504 23,349 32.0 26.8 57.2
70-74 15,943 21,558 29.2 24.7 57.5
75-79 11,530 18,593 21.1 21.3 61.7
80-84 6,305 13,307 11.5 15.3 67.9
85-89 2,577 7,085 4.7 8.1 73.3
90-94 664 2,692 1.2 3.1 80.2
95+ 94 524 0.2 0.6 84.8
All 54,617 87,108 100.0 100.0 61.5
Panel B Marital Status Marital Status
Men Women
Single Widowed Married All Single Widowed Married All
Age % % % % % % %
65-69 14.3 7.0 78.7  100.0 13.1 24.1 62.8  100.0
70-74 10.4 10.7 78.9  100.0 12.5 37.2 50.3  100.0
75-79 8.7 17.1 742  100.0 11.8 524 35.8  100.0
80-84 8.3 26.2 65.5 100.0 11.7 66.6 21.7  100.0
85-89 7.8 41.3 50.9 100.0 12.1 77.4 10.6  100.0
90-94 6.3 59.9 33.7 100.0 14.1 81.6 43 100.0
95+ 43 62.8 33.0 100.0 16.0 83.0 1.0 100.0
All 10.9 14.8 744  100.0 12.4 46.4 41.2  100.0
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Table 2 The distribution of individual income by marital status, age and gender

Single and widowed men

Single and widowed women

Mean 25th  Median  75th 25th  Median  75th
percentile percentile  mean percentile percentile

Age € € € € € € € €
65-69 22,283 14,454 17,942 25,180 19,894 13,827 16,270 21,757
70-74 22,143 14,628 18,130 24,925 19,684 13,926 16,374 21,380
75-79 22,945 14,474 18,198 26,077 19,407 13,829 16,145 20,621
80-84 22,342 13,710 17,079 24,921 19,115 13,524 15,560 19,905
85-89 20,387 13,151 15,957 22,885 18,674 13,069 15,046 19,215
90-94 20,797 12,944 15,341 23,556 18,428 12,411 14,586 18,351
95+ 18,210 12,868 15,213 20,000 19,055 12,203 14,169 18,249
All 22163 14,194 17,640 25,045 19,345 13,597 15,843 20,518

Married men Married women

Mean 25th Median  75th Mean 25th Median  75th

percentile percentile percentile percentile

Age € € € € € € € €
65-69 23,699 13,480 18,021 27,595 9,558 7,862 8,088 9,050
70-74 21,463 12,434 16,376 24,881 9,242 7,882 8,088 8,672
75-79 20,715 11,831 15,563 23,995 9,294 7,882 8,088 8,572
80-84 19,930 11,373 14,787 23,610 9,447 7,882 8,088 8,657
85-89 19,182 10,777 13,602 22,028 9,639 7,882 8,104 8,957
90-94 16,846 10,000 12,119 16,854 9,476 7,983 8,104 9,197
95+ 22,604 9984 12,702 32,184 - - - -
All 21,809 12,391 16,469 25,324 9,407 7,882 8,089 8,818
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Table 4 Mortality risk by age, gender and income quartile.”

Cells: mortality risk

Panel A Single and widowed men

Income quartile

Single and widowed women
Income quartile

Ql Q2 Q3 Q4 Ql1/Q4 Ql Q2 Q3 Q4 Q1/Q4
Age % % % % % % % % % %
65-69 5.5 4.2 34 3.8 1.4 27 12 1.4 1.4 1.9
70-74 6.6 7.5 5.2 35 1.9 38 25 2.4 1.8 2.1
75-79 12.0 8.2 6.9 7.3 1.6 6.2 4.7 3.5 3.5 1.8
80-84 164 121 122 114 1.4 10.1 7.7 7.1 7.5 1.3
85-89 22.1 19.1 188 15.6 1.4 17.8 11.3 11.2 12.1 1.5
90-94 35.7 308 27.0 235 1.5 223 224 179 16.3 1.4
95+ - - - - - 40.3 33.7 26.7 30.0 1.3
All 12.6 9.3 7.5 7.3 1.7 9.8 6.2 5.0 5.2 1.9
Panel B Married men Married women

Income quartile Income quartile

Ql Q2 Q3 Q4 Ql1/Q4 Ql Q2 Q3 Q4 Q1/Q4
Age % % % % % % % % % %
65-69 3.2 1.8 1.0 1.0 33 1.5 1.0 0.8 0.7 2.1
70-74 4.6 3.6 33 2.3 2.0 23 1.2 1.5 1.3 1.7
75-79 7.2 6.5 5.4 4.6 1.6 34 29 2.5 3.2 1.1
80-84 11.3 10.0 8.5 8.2 1.4 7.6 7.2 6.9 5.3 1.4
85-89 17.1 134 165 155 1.1 11.8 10.1 9.5 11.8 1.0
90-94 283 204 214 147 1.9 348 14.8 6.3 26.5 1.3
95+ - - - - - - - - -
All 7.1 4.8 34 3.0 2.4 28 22 2.1 2.0 1.4
Panel C Married men Married women

Spouse's income quartile Spouse's income quartile

Ql Q2 Q3 Q4 Ql1/Q4 Q1 Q2 Q3 Q4 Ql1/Q4
Age % % % % % % % % % %
65-69 1.8 1.3 1.6 1.4 1.3 1.3 1.1 1.1 0.8 1.7
70-74 43 3.1 3.1 3.3 1.3 2.1 1.1 1.7 1.6 1.3
75-79 7.2 6.4 5.1 5.5 1.3 29 3.1 3.6 2.7 1.1
80-84 11.8 9.2 8.9 9.6 1.2 82 7.5 5.5 5.5 1.5
85-89 162 174 155 145 1.1 132 6.1 11.0 11.0 1.2
90-94 254 325 156 263 1.0 27.5 167 194 10.7 2.6
95+ - - - - - - - - -
All 5.3 4.4 4.4 4.0 1.3 31 20 2.3 1.9 1.6

¥ The income quartiles are reported table 2.
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Table 5 Income during retirement for different types of households.

Cells: yearly amounts in 2005 €

Statutory minimum wage, fulltime 16392
Old age public pension for a single person household 11705
Old age public pension per person for a two person household 8018

Baseline situation

Pension related gross yearly salary, Median €

Man (fulltime) 29500
Woman (part-time) 14750

Annual income during retirement by household type %)

A single person household
Man (fulltime employed before age 65) 20650
Woman (part-time employed before age 65) 16178

A two person household, before age 65 the man was
fulltime employed and the woman was not employed

Man married at age 65 16962
Woman married at age 65 8018
Household income while married 24980
Man is widowed 20650
Woman is widowed 18094

A two person household, before age 65 the man was
fulltime employed and the woman part-time

Man married at age 65 16962
Woman married at age 65 12490
Household income while married 29452
Man is widowed 23845
Woman is widowed 22567

% Pension related gross salary (Y) refers to the gross salary on which pension income is based. Income
during retirement is calculated using the formula Y+0.7xFTEx(Y-10/7 x FRANCHISE), a widowed
individual receives 5/7 x 0.7 x FTE x (Yp-10/7 x FRANCHISE) where Yp refers to the pension related
gross salary of the deceased spouse. FRANCHISE is equal to €11705 (the old age public pension

received by a person living alone). FTE is equal to 1 if was fulltime employed and 0.5 if part-time.
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