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Summary. Working life expectancy is the future time that a person is expected to spend in
employment. The paper is concerned with its estimation jointly with the expected times spent
in the related states of ‘on disability pension’ and ‘other alive’. The method, which is novel in
this field, first estimates year- and age-dependent probabilities of being in the states of interest
by large sample multivariate logistic regression. Estimates of probabilities, and subsequently
expectancies, are given for the case of Finnish women and men aged 16–64 years for selected
years in the period 1980–2001, together with projections for 2006. Since 1996 the decline in
the employment of males has largely been due to the increasing popularity of early retirement.
It was not due to an increase in disability. There has been no such decline for women, and
the working life expectancy for males has been predicted to decline to or to fall below the ini-
tially lower figure for females by 2006. Considering that the Finnish population is aging rapidly,
these trends could entail serious social and economic consequences for society in the coming
years because of a looming shortage in the labour force that could undermine the sustainability
of a welfare state.
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1. Introduction

It is quite common for individuals to leave the workforce permanently before reaching retire-
ment age. In Finland, half of the total population is still working at age 60 years, with only
13% working until the general statutory retirement age of 65 years and a few (4%) continuing
even after that age (Statistics Finland, 2004). In the past two decades, there has been a general
decrease in the rate of employment, a tendency that is of evident social interest. The major aim
of this paper is to quantify this trend and related developments in Finland over the period 1980–
2001 for which data are available. A secondary aim is to introduce methodology that seems new
in studies of labour force movements.

For a worker of given initial age, the working life expectancy (WLE) is the expected future
time that will be spent in employment earning wages and benefits, assuming that the prevail-
ing patterns of mortality, morbidity and disability remain unchanged. It is a period or cohort
measure, depending on whether cross-sectional or longitudinal data are available. Usually, as
in the present case, only cross-sectional data can be obtained, a situation that is similar to the
usual circumstances in which period life expectancy is calculated. Our interest is in WLE and
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similar expectations of times spent in states other than employment, e.g. on disability pension or
‘other alive’ but not working. For people of working age, taken as 16–64 years, the sum of these
expectations is equal to the partial life expectancy between exact ages 16 and 65 years. This
paper is concerned with the joint estimation by year and age of the probabilities and expectan-
cies of the three states 1, ‘employed’, 2, ‘on disability pension’, and 3, ‘other alive’, by using
cross-sectional data from Finland for each of the years from 1980 to 2001. Our estimates are
inclusive for ages 16–64 years, conditionally on an individual being alive at age 15 years.

There appears to be some variation in the definition of WLE. The US Bureau of Labor Statis-
tics considers two states of labour force activity, active and inactive, with the former including
both the employed and the unemployed. ‘Inactive’ refers to a person who is not in the labour
force for whatever reason. Their usage of WLE applies to active people, i.e. to a component
of this two-state system, and the traditional frequency-based calculations for its estimation are
described at length by Richards and Abele (1999). More recently, Millimet et al. (2003) gave
estimates of expectancies for a system with three states, employed, unemployed and inactive,
using a logit formulation to estimate one-step transition probabilities between the states. Their
definition of WLE is the same as the definition that we adopt, namely the expectation of time
spent in employment. We also use a logistic transform to estimate probabilities, but in a very
different way.

Working life and related expectancies are conceptually the same as health expectancies, both
being expected occupation times; the difference is that the former arise in the context of labour
force activity rather than health status. Consequently, given a suitable formulation of the prob-
lem, similar methods of analysis can be used, and we employ the large sample logistic regression
techniques that were developed in Davis et al. (2001), which are described in detail and gen-
eralized in Davis et al. (2002b). This approach is different from the frequency-based methods
that have been used traditionally in studies of health and WLEs. In addition to the two stud-
ies quoted above, some references on estimating WLEs are Krishnan (1977), Hoem (1977),
Gamboa et al. (1989) and Ciecka et al. (2000). Related methodology applied to health expec-
tancies is usually based on the work of Sullivan (1971), and an extensive bibliography can be
found in Réseau sur l’Espérance de Vie en Santé (2002).

The logistic regression approach that is used is suited to the analysis of large sample discrete
time aggregate data that are usually produced by official statistical agencies and has a superfi-
cial similarity to the time series modelling of a sequence of probabilities that was developed by
Brunsden and Smith (1998). Also, we treat expectations that are marginal in the sense that it
is known only that an individual is alive at the initial age. This is because, as is common with
official statistics, the data are cross-sectional, and it is not possible to estimate transition proba-
bilities. Expectancies that are conditional on an initial state can be estimated from longitudinal
data, and some relevant results, under a Markov condition, are given in Davis et al. (2002a).

The paper is organized as follows. The Finnish data are described in the next section, and
Section 3 presents an outline of the methodology. Results of modelling and estimating proba-
bilities are presented in Section 4, and those of WLEs in Section 5. Details of the modelling are
given in Appendix A.

2. The data

Estimates of the size of the gainfully employed population in the Finnish workforce for the years
1984–2001, by sex and single-year age groups from 15 to 64 years, were extracted from the files
containing information in Statistics Finland (2002). For the years 1980–1983 the statistics were
available in 5-year age groups. Spline interpolation (Green and Silverman, 1994; Venables and
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Ripley, 2001) was used to obtain figures by single years. These data were based on the Labour
Force Surveys, the methods of which were revised in 1997–2001. The time series extending
to 1989 were corrected retrospectively according to a new definition, which raised the estim-
ates by 1.5%. The figures for 1980–1988 use the old definition. In the monthly surveys, about
12000 people were interviewed and the annual figures are averages. The non-response fluc-
tuates about 14%. Owing to the sampling error rate (e.g. 3.4% for the estimate of the number of
unemployed people) the figures are given to the nearest 100. The numbers of annual deaths were
obtained by multiplying the population sizes by the respective mortality rates provided by
Statistics Finland for 1980–2001. The average numbers of disability pensioners were obtained
for the corresponding years from statistics compiled by the Social Insurance Institution of
Finland (Social Insurance Institution, 2002). The disability pension is payable to people be-
tween ages 16 and 65 years who, on account of disease, defect or injury, cannot maintain them-
selves by their regular work or any other kind of work which, considering their age, occupation,
education and place of residence, would be suitable for them.

In all, the original data consisted of a four-dimensional array of 8800 frequencies indexed
by age (15–64 years), calendar year (1980–2001), employment or health state and sex. Fig. 1
shows the actual data which we used to estimate expectancies for males for the years 1990 and
2001. Our interest focused on the three mutually exclusive ‘alive’ states employed, labelled 1,
disabled, labelled 2, and other alive, labelled 3, which was obtained by subtracting the number
of lives in states 1 and 2 from the size of the total population at a given age. This complementary
other alive group represents a mixed population and includes people who are unemployed or on
pension due to causes other than disability, and also students, conscripts and civil servants. The
absorbing state, death, is referred to as state 4, and its complement, alive, will be referred to as
state 0.

The sizes of some of the other alive age groups that were obtained by subtracting the number
of employed and disabled from the total population turned out to be negative, predominantly
in the groups 35–55 years in which the numbers of gainfully inactive people are small. Nega-
tive frequencies emerged because the sizes of the populations of employed were estimated by
statistical sampling. To avoid this anomaly, the total population figures and the numbers of
employed people were smoothed by using the S-PLUS function smooth.spline (see, for
example, Venables and Ripley (2001), page 284). The smoothing decreased the variability
of the other alive group figures by averaging the population sizes. The sizes of the cohorts
born in 1940–1944 (i.e. individuals aged 57–61 years in 2001) are particularly highly dis-
persed (Fig. 1(b)), owing to the World War II conditions in Finland which covered inter-
mittent periods of war and truce. After smoothing the frequencies, 3.6% of the other alive
group counts were still negative, and these points were ignored in the estimation of the proba-
bilities.

3. Outline of the method

It is convenient to describe the method that is used in terms of a hypothetical cohort of n lives
initially aged 15 years. Of particular importance are the probabilities that an individual is in
state j at a subsequent age x, written pj.x/. In the present application, j =0 denotes alive and
j = 1, 2, 3, 4 indexes the exhaustive partition into states 1, employed, 2, on disability pension,
3, other alive, and 4, dead. Aggregate data from which the probabilities can be estimated are
available at ages x = 16, 17, . . . , 64 years. Since benefits are not available until age 16 years, we
shall focus on probabilities and expectancies for the age group 16�x�64 years conditional on
being alive at age 15 years.
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Fig. 1. Frequencies for males per 1000 persons for (a) 1990 and (b) 2001: , employed; . . . . . . .,
disabled; � - � - �, other alive; – – –, dead

The graph of p0.x/, 15 <x< 65 years, traces part of the survival curve of a life that is known
to have survived to age 15 years. What we shall call the working life survival curve is given by
p1.x/. Appropriate areas of the form (defined here for age 16 years)

ej ≡ ej.16/=
∫ 64

16
pj.x/ dx

give the expectations of interest, with e1 yielding the WLE. These quantities are conditional
only on the fact that an individual is alive at age 15 years, and they should be distinguished from
WLEs that are conditional on knowledge of the initial state. Observe that e0 =Σ3

j=1 ej is the
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partial life expectancy to age 65 years for an individual who was known to have been alive at
15 years, and that Σ4

j=1 ej =49.
Estimation of the probabilities pj.x/ is done by large sample logistic regression. Advantage

is taken of the fact that official statistics are almost always given in terms of large numbers,
which in the present case translates as large n, the number of individuals in the cohort. The
main theoretical result in the method of Davis et al. (2001, 2002b), which is outlined below, is
an asymptotic result, holding as n becomes arbitrarily large.

For j =1, 2, 3, 4 and 15<x<65 years, let l̃j.x/ be the random variable denoting the number of
lives in state j at age x, and let l̃.x/= .l̃1.x/, l̃2.x/, l̃3.x/, l̃4.x//′ be the vector of these frequencies.
Then define the expectations lj.x/=E{l̃j.x/} and l.x/=E{l̃.x/}, and assume the following.

(a) The expectations lj.x/=n pj.x/.
(b) As n→∞, n−1=2{l̃.x/− l.x/} is asymptotically normally distributed with zero mean and

covariance matrix B of rank 3.
(c) Birth cohorts are stochastically independent, and for each age x the random vector l̃.x/

is, for large n, approximately multinomially distributed with parameters n and pj.x/, j =
1, 2, 3, 4.

These assumptions are plausible in a wide variety of circumstances involving the collection of
official statistics and can clearly be rephrased to cover the case when the number of states is
other than 4. The requirement in assumption (b), that the rank of B is one less than the number
of states, is because the four states form an exhaustive partition and Σ4

j=1 l̃j.x/=n for all x. The
covariance matrix is left general at this stage since a version of the asymptotic normality that
is given below continues to hold when the multinomial requirement of assumption (c) is not
true (see page 71 of Davis et al. (2002b)). In particular, our argument can easily be modified
to accommodate the case of a covariance matrix including finite sample corrections or other
features reflecting the sampling scheme. For the present purposes, a failure of the multinomial
assumption (c) results in an incorrect weight matrix in the weighted least squares estimation
that is described below, leading to inefficient but still consistent estimators.

As in Brunsden and Smith (1998), choose a reference state, say state 4, to be definite, and
form the log-ratios (also called log-odds)

ξj.x/= log{pj.x/=p4.x/}= log{lj.x/=l4.x/}, j =1, 2, 3:

These log-ratios are estimated consistently by ξ̃j.x/= log{l̃j.x/=l̃4.x/}.
Next let ξ.x/ = .ξ1.x/, ξ2.x/, ξ3.x//′ be the vector of the log-ratios and ξ̃.x/ = .ξ̃1.x/, ξ̃2.x/,

ξ̃3.x//′ be its estimator. It is shown in Davis et al. (2001), and more simply and generally in
Davis et al. (2002b), that the following holds.

Result 1. Under assumptions (a)–(c), as n→∞, n1=2{ξ̃.x/−ξ.x/} is asymptotically normally
distributed with zero mean and covariance matrix

V.x/=

p−1

1 +p−1
4 p−1

4 p−1
4

p−1
4 p−1

2 +p−1
4 p−1

4
p−1

4 p−1
4 p−1

3 +p−1
4


,

where pj ≡pj.x/.

Exploratory analysis can be used to suggest a parametric form for the log-ratios,ξ.x/≡ξ.x;β/,
and the estimation of β is done by weighted least squares using the loss function that is given
by equation (3) in Appendix A. With β̂ the resulting estimate of β we have the estimates
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ξ̂.x/=ξ.x; β̂/,

p̂4.x/=
[

1+
3∑

j=1
exp{ξ̂j.x/}

]−1

,

p̂j.x/= p̂4.x/exp{ξ̂j.x/}, j =1, 2, 3,




.1/

and thence the estimated working life and related expectancies

êj =
∫ 64

16
p̂j.x/ dx: .2/

These integrals can be evaluated by using a discrete approximation, but we applied the S-PLUS
function integrate. Standard errors can be found by Monte Carlo sampling from the esti-
mated asymptotic normal distribution of β̂ or alternatively by using the delta method. Our
experience was that numerical differences are small and we used the latter. Note incidentally
that the inverse V.x/−1 is the covariance matrix of a multinomial distribution with probabilities
pj.x/, j =1, 2, 3, 4.

The preceding arguments apply to estimating current survival curves and expectancies as
functions of age for a given year. However, we have data available for 22 years, 1980–2001, and
clearly year-to-year variation is also of interest. It is therefore natural to formulate the vector of
log-ratios as a function of both year t and age x, ξ.t, x/, always bearing in mind that only cross-
sectional data are available. One approach is to estimate the log-ratios for each year separately
and then to model temporal trends in the parameters, as was done by McNown and Rogers
(1989) in their analysis of cross-sectional mortality data over a number of years. Our preference
is to use the large sample logistic regression that was described above, of which further details
and the estimates that were obtained from the Finnish data are given in Appendix A.

4. Estimates of the probabilities

Although acknowledging that a variety of plausible forms can be used to describe the same data,
our selection of a parsimonious parametric model, given in Appendix A, required the estima-
tion of 30 parameters for women and 27 for men. To motivate the argument, first consider the
frequencies for males for 1990 and 2001 that are plotted in Fig. 1. A cubic function at age x for
the log-ratios was estimated from the frequencies. Fig. 2 shows the resulting fitted and observed
log-ratios and probabilities for 2001, and similar results were obtained for other years and for
women.

Cohort effects, episodes of unemployment and the like enter the formulation of models incor-
porating change with year as well as age. Figs 3(a), 3(c), 3(e) and 3(g) give the observed frequen-
cies for males. Experimentation leads to the fitted model parameters that are listed in Tables 1
and 2 together with their standard errors. Substitution in equation (1) gives the fitted surfaces
for the probabilities that are shown in Figs 3(b), 3(d), 3(f) and 3(h). For brevity, estimates of
probabilities and associated standard errors and covariances are not shown. A comment is that
the standard errors are all less than 0.023 for women and 0.033 for men. As an example the
estimated probability of employment for 20-year-old males decreased from 0.567 in 1981 to
0.396 in 2001, which is a highly significant difference.

Note the cohort effect for all states of those people who were born during World War II, aged
40 years in 1980 (see the ridge-like formations in Figs 3(b), 3(d), 3(f) and 3(h)). The cohorts of
people who were born in the early 1940s had a significantly lower probability of employment
later in life, and also a lower probability of being on disability pension, and a higher probability
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Fig. 2. (a) Observed and fitted log-ratios and (b) probabilities for males in 2001: �, , employed;
�, . . . . . . ., disabled; �, � - � - �, other alive; 4, – – –, dead

of being on old age pension and similar pensions than those in the neighbouring cohorts. An
exception is the large cohort of people who were born in the truce year 1941. In general, the
estimated probabilities of being employed diminish consistently with calendar year for men. An
exception is the year 1996 for which the probabilities are markedly smaller than the neighbour-
ing estimates for both sexes. This is an aftermath of the economic recession in Finland between
1990 and 1994. There is also a bulge that is particularly evident in the number of disabled people
during the economic recession.

The striking cohort effect on labour force activity for populations who were born in wartime
remains enigmatic, and only speculative explanations can be put forth. A Dutch study exam-
ined the potential causal role of malnutrition during pregnancy (Neugebauer et al., 1999).
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Fig. 3. Observed and fitted probability surfaces for males: (a) observed, employed; (b) fitted, employed;
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Table 1. Parameter estimates and standard errors for females

Regression Results for state employed Results for state disabled Results for state other alive
term

Param- Estimate Standard Param- Estimate Standard Param- Estimate Standard
eter error eter error eter error

Intercept β1 7.44 0.871 β11 2.63 0.596 β23 11.0 0.371
x β2 −0.0286 0.0696 β12 0.0589 0.0462 β24 −0.236 0.0216
x2 β3 0.00189 0.00171 β13 −0.00145 0.00109 β25 0.00192 0.000259
x3 β4 −0.0000403 0.00001032 β14 0.0000117 0.00000801
t β5 −0.00274 0.0309 β15 −0.00434 0.0195 β26 0.0674 0.0250
tx β6 −0.000431 0.00158 β16 −0.000687 0.000963 β27 −0.00226 0.00145
tx2 β7 0.0000134 0.0000189 β17 0.0000183 0.0000112 β28 0.0000236 0.0000174
a in g β8 0.262 0.0369 β29 −0.0585 0.0602
b in g β9 0.254 0.0263 β30 0.330 0.0576
Intercept β18 37.2 20.8

fnorm
x for fnorm β19 −2.40 0.892
x2 for fnorm β20 0.0344 0.00951
t for fnorm β21 2.55 0.631
tx for fnorm β22 −0.0579 0.0119
I.13� t �16/ β10 −0.328 0.0333

Table 2. Parameter estimates and standard errors for males

Regression Results for state employed Results for state disabled Results for state other alive
term

Param- Estimate Standard Param- Estimate Standard Param- Estimate Standard
eter error eter error eter error

Intercept β1 2.14 0.737 β11 2.57 0.186 β23 9.95 0.557
x β2 0.343 0.0648 β12 −0.00671 0.0101 β24 −0.251 0.0357
x2 β3 −0.00821 0.00175 β13 0.000161 0.000125 β25 0.00199 0.000443
x3 β4 0.0000460 0.0000146
t β5 −0.0834 0.0233 β15 −0.0354 0.0201 β26 0.0286 0.0269
tx β6 0.00472 0.00125 β16 0.00184 0.00113 β27 −0.000414 0.00168
tx2 β7 −0.0000518 0.0000152 β17 −0.0000169 0.0000144 β28 0.0000135 0.0000211
a in g β29 1.07 0.0908
b in g β30 0.685 0.105
Intercept β18 93.9 21.4

fnorm
x for fnorm β19 −4.50 0.944
x2 for fnorm β20 0.0528 0.0102
t for fnorm β21 2.09 0.970
tx for fnorm β22 −0.0462 0.0174
I.13� t �16/ β10 −0.435 0.0356

A relationship was found between prenatal exposure to famine (during World War II) and the
development of antisocial personality disorder in early adulthood that affects competence and
coping skills throughout life. A Finnish study (Barker et al., 2001) concluded that men who
grow slowly in utero remain biologically different from other men. They are more vulnerable to
the effects of low socioeconomic status and low income on coronary heart disease.
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Table 3. Expectancies of the three states 1, employed, 2, on disability pension, and 3, other alive, for
selected years and ages, with projections for 2006

Age x State j Expectancies (years) for females Expectancies (years) for males
(years)

1981 1986 1991 1996 2001 2006 1981 1986 1991 1996 2001 2006

16 1 32.91 32.22 31.36 27.61 30.32 29.67 34.93 34.31 33.42 28.70 32.08 31.42
2 4.19 4.26 4.61 5.38 4.05 4.08 5.39 5.14 5.22 6.56 4.65 4.23
3 11.78 12.41 12.94 15.90 14.54 15.18 8.38 9.28 10.13 13.49 12.09 13.18

20 1 31.03 30.53 29.86 26.57 29.17 28.67 33.17 32.75 32.04 27.82 31.02 30.51
2 4.16 4.23 4.58 5.36 4.04 4.06 5.33 5.09 5.17 6.52 4.62 4.20
3 9.70 10.13 10.47 12.98 11.71 12.19 6.20 6.91 7.57 10.44 9.19 10.14

25 1 27.85 27.55 27.08 24.39 26.79 26.50 29.74 29.47 28.92 25.40 28.25 27.91
2 4.09 4.17 4.53 5.31 3.99 4.02 5.25 5.01 5.09 6.42 4.55 4.13
3 7.95 8.18 8.31 10.22 9.14 9.41 4.72 5.27 5.76 7.96 7.04 7.81

30 1 24.03 23.85 23.50 21.32 23.50 23.36 25.60 25.39 24.91 21.87 24.39 24.13
2 4.01 4.10 4.46 5.22 3.93 3.96 5.16 4.92 5.01 6.31 4.47 4.06
3 6.86 6.97 6.96 8.38 7.50 7.62 3.96 4.44 4.87 6.61 5.98 6.66

35 1 19.87 19.75 19.48 17.67 19.64 19.59 21.19 21.00 20.55 17.83 20.09 19.87
2 3.91 4.00 4.36 5.11 3.84 3.88 5.04 4.81 4.91 6.17 4.38 3.97
3 6.12 6.16 6.08 7.15 6.45 6.48 3.50 3.95 4.34 5.79 5.37 6.02

40 1 15.59 15.50 15.26 13.75 15.51 15.51 16.70 16.56 16.12 13.67 15.68 15.48
2 3.78 3.87 4.24 4.95 3.73 3.77 4.88 4.66 4.77 5.98 4.25 3.85
3 5.55 5.56 5.43 6.24 5.71 5.68 3.17 3.56 3.93 5.17 4.92 5.54

45 1 11.35 11.24 11.04 9.80 11.34 11.36 12.38 12.16 11.77 9.63 11.36 11.16
2 3.59 3.71 4.05 4.71 3.55 3.60 4.64 4.44 4.54 5.68 4.05 3.66
3 4.99 4.99 4.85 5.44 5.06 5.00 2.78 3.21 3.53 4.56 4.47 5.06

50 1 7.29 7.22 7.00 6.06 7.33 7.36 8.30 8.06 7.64 5.95 7.32 7.15
2 3.28 3.41 3.78 4.34 3.26 3.31 4.20 4.09 4.17 5.15 3.69 3.32
3 4.37 4.32 4.18 4.57 4.38 4.29 2.36 2.73 3.08 3.82 3.90 4.45

55 1 3.75 3.74 3.55 2.87 3.80 3.84 4.72 4.53 4.13 2.84 3.88 3.76
2 2.73 2.79 3.17 3.71 2.73 2.78 3.40 3.30 3.47 4.23 3.03 2.69
3 3.49 3.44 3.25 3.41 3.46 3.37 1.81 2.11 2.35 2.89 3.06 3.52

60 1 1.22 1.23 1.19 0.81 1.22 1.28 1.91 1.80 1.62 0.88 1.29 1.36
2 1.69 1.71 1.85 2.41 1.74 1.72 2.04 1.96 1.97 2.68 1.85 1.60
3 2.09 2.05 1.96 1.78 2.03 1.99 1.03 1.23 1.39 1.44 1.85 2.03

5. Working life expectancies

Table 3 gives estimates of the expectancies of states 1, 2 and 3 for selected ages. The numerical
values were obtained by using equations (2) and (4). Entries for the year 2006 were obtained by
first extrapolating the regression fits to the log-ratios and using these to give forecast probabil-
ities and expectancies. The projections are thus essentially those given by standard regression
methods and no attempt has been made to forecast by altering regression coefficients to reflect
possible future scenarios. Incidentally, our forecast is that by 2006 the probability of employment
for females will be larger than that for men for ages over 50 years.

The standard errors in Table 4 can be used to make comparisons. For example, the entries in
Table 3 for state 2 (disability) are higher for men than for women, with the standard errors of the
difference being generally no greater than 0:08+0:14=0:22. To take a particular case, consider
the expectancies for females and males of state 2 for people who were 35 years old in 2001. Their
difference is 4:38 − 3:84 = 0:54, which is greater than 2 standard errors, and we may infer that
men of that age and year expect to spend statistically significantly more future time (only about
6 months in this case) in the disabled state than women. Covariances between the estimates are
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Table 4. Standard errors for the expectancies in Table 3

Age x State j Standard errors for females Standard errors for males
(years)

1981 1986 1991 1996 2001 2006 1981 1986 1991 1996 2001 2006

16 1 0.32 0.22 0.17 0.33 0.33 0.48 0.33 0.25 0.20 0.31 0.30 0.43
2 0.05 0.03 0.05 0.06 0.08 0.12 0.07 0.04 0.09 0.11 0.14 0.28
3 0.31 0.22 0.18 0.30 0.32 0.48 0.32 0.27 0.23 0.27 0.30 0.47

20 1 0.33 0.23 0.16 0.31 0.32 0.48 0.36 0.27 0.20 0.30 0.30 0.45
2 0.05 0.03 0.05 0.06 0.08 0.12 0.06 0.05 0.10 0.11 0.14 0.28
3 0.32 0.23 0.17 0.28 0.32 0.47 0.35 0.28 0.23 0.26 0.30 0.47

25 1 0.31 0.21 0.16 0.29 0.32 0.47 0.34 0.25 0.19 0.28 0.30 0.44
2 0.05 0.03 0.05 0.06 0.08 0.12 0.06 0.05 0.10 0.11 0.14 0.28
3 0.30 0.21 0.17 0.27 0.31 0.46 0.33 0.27 0.22 0.25 0.30 0.47

30 1 0.27 0.19 0.15 0.28 0.30 0.43 0.30 0.22 0.17 0.26 0.28 0.41
2 0.05 0.03 0.05 0.06 0.08 0.12 0.06 0.04 0.09 0.11 0.14 0.28
3 0.26 0.19 0.16 0.26 0.30 0.43 0.28 0.23 0.21 0.24 0.29 0.46

35 1 0.22 0.16 0.14 0.26 0.28 0.38 0.25 0.18 0.15 0.25 0.27 0.37
2 0.05 0.03 0.05 0.06 0.08 0.12 0.06 0.04 0.09 0.11 0.14 0.28
3 0.21 0.16 0.15 0.24 0.27 0.38 0.23 0.20 0.19 0.23 0.28 0.45

40 1 0.19 0.13 0.12 0.23 0.25 0.33 0.21 0.15 0.13 0.23 0.25 0.35
2 0.05 0.03 0.05 0.06 0.08 0.13 0.06 0.04 0.09 0.10 0.14 0.28
3 0.18 0.13 0.13 0.21 0.24 0.34 0.20 0.16 0.16 0.21 0.27 0.43

45 1 0.16 0.11 0.10 0.18 0.22 0.29 0.16 0.12 0.10 0.19 0.23 0.31
2 0.05 0.03 0.05 0.05 0.08 0.13 0.06 0.04 0.09 0.09 0.14 0.28
3 0.16 0.11 0.11 0.17 0.21 0.31 0.15 0.13 0.13 0.18 0.25 0.41

50 1 0.13 0.08 0.08 0.13 0.19 0.25 0.12 0.08 0.08 0.14 0.19 0.26
2 0.05 0.03 0.05 0.05 0.07 0.12 0.06 0.03 0.09 0.08 0.13 0.27
3 0.14 0.09 0.09 0.12 0.18 0.27 0.12 0.09 0.10 0.14 0.22 0.38

55 1 0.11 0.07 0.06 0.09 0.15 0.21 0.10 0.07 0.07 0.09 0.14 0.20
2 0.05 0.03 0.05 0.04 0.07 0.11 0.05 0.04 0.08 0.06 0.11 0.25
3 0.12 0.07 0.07 0.09 0.15 0.23 0.11 0.07 0.07 0.10 0.17 0.32

60 1 0.07 0.05 0.05 0.05 0.11 0.13 0.10 0.08 0.08 0.05 0.09 0.12
2 0.04 0.02 0.03 0.04 0.06 0.08 0.05 0.04 0.07 0.06 0.08 0.18
3 0.10 0.06 0.05 0.06 0.11 0.16 0.10 0.07 0.05 0.06 0.11 0.20

not shown and can be obtained from the authors.
An interesting feature of Table 3 is that for 1981–1991 the estimated WLE for males, ê1.x/,

is for all ages greater than the corresponding WLE for females. This difference has a maximum
at age 20 years after which it decreases monotonically. Projected WLEs for 2006 show a differ-
ent pattern, with the expectancy of employment for females greater than that for men for ages
40–55 years. Although the differences do not reach statistical significance, the trend should be
noted.

Table 5 lists expectancies as percentages of expected future working life up to age 64 years.
For example, the first entry is calculated from Table 3 as follows: 100ê1.16/=ê0.16/ = 100 ×
32:91=.32:91+4:19+11:78/=67%.

The percentages for females are fairly stable, with little movement during the 26 years to 2006
except at younger ages. In the same period, for men there is a drop of about 10 percentage
points in the future proportion of life spent in employment, especially for those aged 50 years
and over. The decline is due mainly to early retirement, which is a major component of the
state other alive at older ages, and not disability, for which the percentage has been decreas-
ing for both genders since around 1996. The WLE for males for ages 40 years and above is
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Table 5. Expectancies as percentages of future working life, of the three states 1, employed, 2, on disability
pension, and 3, other alive, for selected years and ages, with projections for 2006

Age x State j Expectancies (%) for females Expectancies (%) for males
(years)

1981 1986 1991 1996 2001 2006 1981 1986 1991 1996 2001 2006

16 1 67 66 64 56 62 61 72 70 69 59 66 64
2 9 9 9 11 8 8 11 11 11 13 10 9
3 24 25 26 33 30 31 17 19 21 28 25 27

20 1 69 68 66 59 65 64 74 73 72 62 69 68
2 9 9 10 12 9 9 12 11 12 15 10 9
3 22 23 23 29 26 27 14 15 17 23 21 23

25 1 70 69 68 61 67 66 75 74 73 64 71 70
2 10 10 11 13 10 10 13 13 13 16 11 10
3 20 21 21 26 23 24 12 13 14 20 18 20

30 1 69 68 67 61 67 67 74 73 72 63 70 69
2 11 12 13 15 11 11 15 14 14 18 13 12
3 20 20 20 24 21 22 11 13 14 19 17 19

35 1 66 66 65 59 66 65 71 71 69 60 67 67
2 13 13 15 17 13 13 17 16 16 21 15 13
3 20 21 20 24 22 22 12 13 15 19 18 20

40 1 63 62 61 55 62 62 67 67 65 55 63 62
2 15 16 17 20 15 15 20 19 19 24 17 15
3 22 22 22 25 23 23 13 14 16 21 20 22

45 1 57 56 55 49 57 57 63 61 59 48 57 56
2 18 19 20 24 18 18 23 22 23 29 20 18
3 25 25 24 27 25 25 14 16 18 23 22 25

50 1 49 48 47 40 49 49 56 54 51 40 49 48
2 22 23 25 29 22 22 28 27 28 35 25 22
3 29 29 28 31 29 29 16 18 21 26 26 30

55 1 38 38 36 29 38 38 48 46 42 29 39 38
2 27 28 32 37 27 28 34 33 35 42 30 27
3 35 35 33 34 35 34 18 21 24 29 31 35

60 1 24 25 24 16 24 26 38 36 32 18 26 27
2 34 34 37 48 35 35 41 39 40 54 37 32
3 42 41 39 36 41 40 21 25 28 29 37 41

predicted to descend to or to fall below the level of the initially lower figure for females by year
2006.

6. Concluding remarks

The main findings can be briefly stated as follows. First, for each age and both genders, from
1980 to 2001, the probability of employment generally decreased, with a compensating increase
in the probability of being on an old age or similar pension. The change was substantial at
younger ages, for example, decreasing by 30% for 20-year-old males. The major shift in the
probability of being employed thus seems to reflect changed behaviour in under 30-year-olds,
which is no doubt partly due to increasing years of education. The decline in the probabil-
ity that people over 60 years of age will be employed was also marked, mainly due to early
retirement and not disability, the probability of which has been decreasing from a hump at
about 1996. Further, our forecast for 2006 is that women who are over the age of 50 years
will have a higher probability of being employed than men. A similar general picture holds for
WLEs.
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Secondly, the patterns of probabilities and expectancies are similar for men and women at
young ages, although the numerical estimates are often significantly different. Different trends
appear at older ages. For example, during 1980–2001 older men suffered a decline of about 10
percentage points in the future proportion of life to the age of 64 years spent in employment.
In contrast, for women the proportion was roughly constant and is predicted to overtake the
figure for males by 2006. Thirdly, the economic depression of the early 1990s led to a sharp drop
and then a rebound in the probability of employment, with a consequent effect on expectancies
but little discernible effect on the temporal trend of the probabilities. Fourthly, the people in
the cohorts of those who were born in the early 1940s have a significantly lower probability of
employment and higher probability of being on an old age or similar pension than the people
in neighbouring cohorts, but there seems little difference in the probability of disability.

Finally, although many of the issues that are raised here are specific to Finland, none-the-less,
as in several developed countries, the size of the future workforce may be insufficient to sustain
reasonable economic growth and, in particular, to support adequately the increasing number of
retirees. This paper has been mainly concerned with the quantification of one aspect of this trend.
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Appendix A: Details of the modelling

Graphical and numerical exploration of the data led to the formulation of parametric surfaces over the
rectangle 1980� t �2001, 15 <x< 65. Apart from exceptional cohort or temporal effects, it emerged that
the log-ratios can be represented by linear models that are quadratic or cubic in x and linear in t, and
contain cross-product terms. For convenience, the year of origin is taken as 1980, and so in what follows
t =0, 1, . . . , 21.

With the vector of log-ratios modelled by ξ.t, x/≡ξ.t, x;β/=Z.t, x/′β, where Z.t, x/ is an appropriately
chosen design matrix, the loss function to be minimized with respect to β is

L.β/=
21∑

t=0

64∑
x=16

.ξ̃.t, x/−Z.t, x/′β/′ V.t, x/−1.ξ̃.t, x/−Z.t, x/′β/: .3/

Owing to dependence along birth cohorts, i.e. along diagonals of the .t, x/ plane with c = t −x constant,
the covariance matrix of β̂ was calculated by the method of Liang and Zeger (1986). The part of assump-
tion (c) asserting the stochastic independence of birth cohorts is important here. Standard errors for the
expectancies calculated by the delta method are given in Table 4.

The estimation of expectancies conditional on having reached an age z that is greater than 15 years is
done as follows. Changing the notation slightly, for a fixed year, let

pj.x/=pj.15, x/=Pr.individual is alive and in state j at x|alive at 15/

=Pr.individual is alive at z, and alive and in state j at x|alive at 15/

=Pr.alive at z|alive at 15/ Pr.alive and in state j at x|alive at z/

=
{

3∑
i=1

pi.15, z/

}
pj.z, x/, 15 <z<x:

Then the expectancy of state j for an individual of initial age z is

ej.z/=
∫ 64

z

pj.z, x/ dx=
{

3∑
i=1

pi.z/

}−1 ∫ 64

z

pj.x/ dx, .4/

and this can be estimated consistently by substituting the p̂j.x/ of equation (1).



580 M. M. Nurminen, C. R. Heathcote, B. A. Davis and B. D. Puza

To model the irregularities in data for people in the cohorts aged about 40 years in 1980, first introduce
the normal density with mean µ.x/=0:8x−32 and standard deviation 3,

dnorm.t, x/= φ[{t −µ.x/}=3]
3

,

where φ.·/ is the standard normal density, and the normal (cumulative) distribution function

cnorm.t/=
∫ t

−∞
0:83−1 φ{.u−2:5/=0:83} du:

Also let fnorm.t, x/= I.x�40/ dnorm.t, x/ cnorm.t/, where I.·/ is the standard indicator function.
There is a sharp trough in the observed log-ratios of state 3 (other alive) for the 1942 birth cohort

and a peak for people who were 1 year older (Fig. 2(a)), an effect which is present in the data for both
males and females. Also, in the observed log-ratios of state 1 (employed) for women an opposite effect
was noted. To model these characteristics of the data we define the continuous piecewise linear surface
g.t, x/≡g.t, x; a, b/=h.x− t −37/, where

h.y/=




−ay, 0�y< 1,
−.2a+b/+ .a+b/y, 1�y< 2,
3b−by, 2�y �3,
0, otherwise:

Here, a and b are two parameters that are to be estimated. They represent the depth of the trough and the
height of the peak referred to above respectively. For example, in 1990, t = 10. In that year, for the 1942
cohort, x=48, so g.t, x/=h.1/=−a, and, for the 1941 cohort, x=49, so g.t, x/=h.2/=b.

With state 4 (death) as the reference, as before, let ξj.t, x/= log{pj.t, x/=p4.t, x/}, j =1, 2, 3. After some
experimentation the models that were chosen for females were linear, quadratic or cubic in age x, linear in
year t (measured from 1980), with cross-product terms, with fnorm.t, x/ appearing in ξ2.t, x/, with g.t, x/
in both ξ1.t, x/ and ξ3.t, x/, and with an indicator function in ξ1.t, x/ to model the recession effect from
1993 to 1996. Explicitly, the models for the log-ratios for females are as follows:

ξ1.t, x/=β1 +β2x+β3x
2 +β4x3 +β5t +β6xt +β7x

2t −g.t, x;β8, β9/+β10 I.13� t �16/;

ξ2.t, x/=β11 +β12x+β13x
2 +β14x3 +β15t +β16xt +β17x

2t + .β18 +β19x+β20x
2 +β21t +β22xt/ fnorm.t, x/;

ξ3.t, x/=β23 +β24x+β25x
2 +β26t +β27xt +β28x

2t +g.t, x;β29, β30/:

The models that were chosen for the log-ratios for males have the same form but with β8 =β9 =β14 =0.
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