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produces robust and less biased regression coefficient estimates
in the context of skewed outcome distributions and an excess
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and employment to the final amount of pension and reveal
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studying various topics in the pension industry.
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Introduction

In this article, we aim to analyse factors preceding and leading to old-age
retirement. Like many other European countries, Finland has a flexible retirement
policy, with the statutory retirement age ranging from ages 63 to 68 (see Kuitto and
Helmdag, 2021). This means that individuals approaching retirement age have to
consider whether to retire early at the cost of a reduced pension or to remain at
work until pensionable age or beyond and claim a full or increased pension.
Under current rules the target retirement age for cohorts born in 1954 or earlier
is 63 years. For younger cohorts it is progressively higher. In 2020, the cohort
retiring at the target age was born in 1956; their pensionable age was 63 years
and 6 months. Just over half (52 per cent) of persons who retired in 2020 were
born in 1956, the remainder retired either early or late.

Our focus here is to study retirement outcomes under the statutory
earnings-related pension scheme in Finland.1 The rules of the pension scheme
have evolved in much the same way as elsewhere in Europe. The overriding aim
has been to prolong working lives and postpone retirement, and good progress
has been made in this respect. In Finland, statistics for 2019 show that the effective
retirement age under the earnings-related pension scheme was 60.2 years. This
figure, however, is biased by early retirement. The major schemes for early
retirement are the disability pension scheme and the early old-age pension scheme.
Moreover, there are still some occupational old-age pension arrangements in force,
especially in the public sector, with lower retirement ages. A more accurate
measure to describe old-age retirement is median age, which was 63.3 years (see
Finish Centre for Pensions, 2020b). The length of working life is closely related
to retirement, as pension accrual ends at retirement. Statistics indicate that persons
who retired in 2019 had been in working life for 31.7 years, with the median length
at 35.6 years (see Finish Centre for Pensions, 2020a). Kuivalainen et al. (2018)
studied socioeconomic differences in the length of working life using similar data
to those used in this article, but their descriptive account focuses on the question
of how longer careers are related to the overall level of pension security.

For the purposes of our analysis here, we made use of the framework developed
by Whitehouse et al. (2009). Two of the six general objectives towards risks
identified in that framework are relevant to our examination: i) coverage of the
pension system, which in our study means statutory pensions, and ii) adequacy
of retirement benefits, which is the key concern in this study. In this article, we
analyse length of working life and accrued pension simultaneously and use

1. For more information on pension systems around the world, see SSA and ISSA (2018). For a more
detailed description of the Finnish pension system, see Lassila and Valkonen (2007) and Kuivalainen
et al. (2018).
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socioeconomic factors together with wages across the working life as explanatory
variables. This modelling strategy yields valuable information on how different
factors affect key retirement outcomes, that is, length of working life and level of
pension at retirement.

Associated or contributing factor effects are often studied using simple linear
regression methods (see, for example, Riedel, Hofer and Wögerbauer, 2015) or
logistic regression methods, which yield risk measures such as odds ratio (OR)
or relative risk reduction (RRR). Another appropriate statistical method for
addressing this topic is duration analysis with Cox’s model (see Aranki and
Macchiarelli, 2013). In this study we also use a regression technique, namely the
least absolute deviations (LAD) method. LAD regression is considered
particularly suitable for analysing the long-tailed distribution of retirement
outcome.2 To our knowledge, a similar multi-outcome technique has not been
previously applied to simultaneously analyse length of working life and pension
income, which both may have skewed distributions. LAD modelling was our
choice of method as it is known to yield robust regression estimates even in the
presence of skewed outcome distributions. Together with lasso variable selection
(see Tibshirani, 1996), it also indicates which of the explanatory variables should
be kept in the model and which can be left out. Lasso is a penalized estimation
technique that performs variable selection by shrinking regression coefficients of
negligible explanatory variables towards zero and leaves regression coefficients
of important explanatory variables intact. Lasso is typically combined with
ordinary least squares regression (OLS), but that has limited capacity to cope
with extreme values in outcomes and with very large numbers of explanatory
variables. Lasso modelling overall can be augmented with an adaptive shrinkage
technique. The adaptive LAD-lasso is used here to obtain robust and less biased
coefficient estimates and reliable variable selection in a situation where there are
excess zero values in explanatory variables (zero earnings at some stage of the
late life course).

In this article, our joint analysis of final pension income and length of working
life coupled with an examination of explanatory variables using high-quality
register data is aimed at gaining a better understanding of pension system
outcomes for different groups of retired people.

Finnish pension system in brief

The backbone of the Finnish pension system is a statutory earnings-related scheme
with comprehensive pension coverage. Statutory (first pillar) pension provision
consists of a defined benefit earnings-related pension, which aims to preserve the

2. A glossary of technical terms is presented in the Appendix (Table A.1).
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individual’s pre-retirement income level to a reasonable degree. It covers practically
all types of employment and has no upper limit on pensionable earnings or
pensions. Residence-based public pensions (including the national pension and
guarantee pension) ensure a minimum standard of security and provide
protection against old-age poverty. The national non-contributory pension
system nowadays plays a smaller role, although it remains an important source of
basic security. Earnings-related pension security covers persons in gainful
employment, including the self-employed. Earnings-related pensions include
both private and public sector pensions, which after the reforms in the 1990s
and 2005 provide virtually identical benefits and conditions of benefit receipt. In
this study we have chosen not to include universal pensions because they are not
affected by the measures we want to analyse. The role of second pillar
employer-specific occupational pensions and third pillar provision based on
individual private pension insurance is very modest for the vast majority of
pensioners in Finland (see Barr, 2013). The Finnish pension system is outlined in
Figure 1. In the Finnish system, the role of first pillar pensions is more important
than in many other countries. First pillar schemes cover, in practice, all employees.
The occupation or employer-specific pension schemes (second pillar), common in
many countries, play a limited role in the Finnish system. Third pillar pensions are
omitted from our analysis.

Like many other countries, Finland has a flexible old-age retirement age.
Since 2005 (cohorts born in 1948 and after), the retirement age has been driven

Figure 1. The scope and pillars of the Finnish pension system

Source: Authors.
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up by rising life expectancy.3 In essence, each cohort has its own target
retirement age. Remaining at work until the target retirement age offsets the
effect of the life expectancy coefficient on the individual’s final amount of
pension (see Vidal-Meliá, Boado-Penas and Settergren, 2009). According to
Lassila, Määttänen and Valkonen (2014), the life expectancy coefficient is indeed
the most effective tool for coordinating the timing of retirement and (future)
pension expenditures.

An up-to-date overview of pension security in Finland requires a closer
examination of the current statutory schemes. The structure of statutory pension
security is outlined in Figure 2. In 2020, the average monthly pension was
1,762 euros (EUR) (Finish Centre for Pensions, 2021); this includes both
earnings-related pension and universal benefits. Increasing numbers of people
depend on their earnings-related pension alone, without claiming universal benefit.
The number of retired people with full earnings histories continues to grow, which
is translating into a reduced need for universal support in old age. Regardless, there
are still large numbers of people with meagre old-age pensions. People with persis-
tently low earnings or fragmented life courses often must depend on universal
pension benefits (national pension and guarantee pension) to provide for old
age. In 2020, a national pension was paid to 580,000 pensioners (or to
18.9 per cent of new retirees). The relatively new benefit of the guarantee pension4

was paid to 114,000 individuals (or to 3.5 per cent of new retirees).
In a broad sense, pension security also includes housing benefits or even income

support, but these schemes are beyond the scope of this study. This ties in with
other choices made in this study. Given that we are interested in the impact of
earnings and employment on pension security, our analysis is strictly focused on
earnings-related pensions and associated factors.

Data and modelling strategy

This study uses a unique dataset drawn from comprehensive administrative
registers. The data covers a range of background information from later stages of
the life course that can shed light on factors affecting retirement. We measure
retirement with two dependent variables: pension income (amount of
earnings-related pension) and length of working life. The dependent variables are
analysed simultaneously, that is using a multi-outcome modelling strategy. The

3. For the cohorts in this study, retirement age will rise by 3 months per age cohort until it reaches
65 years. The upper age limit for mandatory insurance for new pension accrual will also rise. The
retirement age under the national pension scheme is 65 years.
4. Introduced in 2011.

Modelling old-age retirement: An adaptive multi-outcome LAD-lasso regression approach

International Social Security Review, Vol. 75, 1/2022

© 2022 The Authors. International Social Security Review published by John Wiley & Sons Ltd on behalf of International Social Security Association.

7



explanatory variables cover earnings history and several socioeconomic factors
preceding retirement.

The modelling strategy we apply to our unique data has not been previously
used in the context of retirement analysis. The LAD (least absolute deviations)
regression model is part of the regression family. To see which variables
potentially are associated with or contribute to retirement, we chose to use
LAD-lasso in order to be able to simultaneously perform variable selection and
estimate retirement-related effects among our set of explanatory variables. Lasso
is typically used in cases where the number of explanatory variables is much
larger than the number of observations. However, in our dataset the opposite
was true.

Unique administrative register data

Drawn from the administrative registers of the Finnish pension system, our data
comprised all individuals in the population who retired with an old-age pension
in 2020 (N=41,729). For this analysis we have drawn a 10 per cent random
sample (n=4,197). Our dependent variables are the final amount of old-age
pension and length of working life, which we model simultaneously as the
dependent variables. Socioeconomic factors serve as our predictors of retirement.
The explanatory variables used in modelling are gender, last employer,
socioeconomic group, pension benefit, timing of pension, level of education, and

Figure 2. Statutory pension security in Finland in 2021

Source: Authors.
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earnings during the latter part of the working life. The data set contains no missing
values.

From a substantial point of view, the dependent variables consist of the statutory
earnings-related old-age pension (in 2020) and length of working life from age 18
until the end of the year preceding retirement (31 December 2019). Note that we
do not have information on universal pensions (national pension or guarantee
pension) or survivors’ pensions (see SSA and ISSA, 2018).

It is also useful to comment on the additional background information
collected. First, data on disability pensions include earnings-related full and
partial disability pensions and allowances; cash rehabilitation benefit; early
old-age pension (varhennettu vanhuuseläke);5 and years-of-service pension
(työuraeläke). Early old-age pension is being phased out, while years-of-service
pension is a new type of benefit that currently has a very limited number of
beneficiaries. Second, the early old-age pension also includes a small number
of part-time pensions.6 Third, the timing of pensions is grouped into three
classes. The reference class includes those retiring at or close to the
cohort-specific target retirement age; the other two classes are early retirees and
late retirees. Early retirement is a popular option in Finland and a majority of
partial old-age pensions are drawn early, at around age 61. Fewer people are
interested in deferring their pension.

Socioeconomic group is defined based on the person’s most recent status during
the period 2013�17. This gives us reasonably accurate information about
socioeconomic status close to retirement. Level of education is the highest level
completed by 2018.

For statistical analysis, the explanatory variables are classified as follows: Gender
(sex) is categorized as male (ref=reference group) and female. The socioeconomic
background categories are farmers; self-employed; upper-level employees with
administrative, managerial and professional occupations; lower-level employees
with administrative or clerical occupations; manual workers (ref); pensioners;
and other groups such as long-term unemployed, students or otherwise not
classified. There are three pension benefit categories: old-age pension (ref),
disability pension and partial old-age pension. Timing of retirement is classified
as retirement at target age (ref), early retirement and late retirement. Last sector
of employment before retirement is classified as private sector employer (ref),
public sector employer, and self-employed and farmers. Level of education
consists of basic or primary education (ref), secondary education, post-secondary

5. Note that early old-age pension (varhennettu vanhuuseläke) is in the process of being phased out
and it should not be confused with the current partial early old-age pension (osittainen varhennettu
vanhuuseläke).
6. Part-time pensions ceased to be granted in early 2017. A partial old-age pension became available
in 2017 and immediately gained enormous popularity.
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non-tertiary education, short-cycle tertiary education or bachelor’s or equivalent
level education, and master’s level of education or higher. A summary of
explanatory variables is shown in Table 1.

These variables are either binary or class-level variables. In practice the
categorical variables are encoded using dummy coding; in other words, the
coding system compares each level of a variable to the omitted (reference) level.
For each class-level variable, we chose to use {0,1} coding without
standardization to present the model coefficient estimates with natural, real-life
interpretations. In some situations where a class variable can be seen as an
ordinal measure, a different classification strategy could be used. We undertook
some experiments with the education variable using Helmert coding (see Hayes
and Montoya, 2017). However, the difficulties in interpreting the estimates and
the desire to retain consistency among predictors persuaded us to use the

Table 1. Explanatory variables in statistical analysis

Variable Contents Type

Gender Male (ref) Binary
Female

Level of education Primary ed. (ref) Class
Secondary ed.
Post-sec. ed.
Lower uni.

Higher uni.

Employer Private sector employee (ref) Class
Public sector employee

Self-employed or farmer

Socioeconomic group Manual worker (ref) Class
Farmer
Self-employed
Upper-level employee
Lower-level employee
Pensioner

Unemployed, student etc.

Pension benefit Old-age pension (ref) Class
Disability pension

Early old-age pension

Timing of retirement Retired at target retirement age (ref) Class
Early retired

Late retired

Wage earnings Yearly wages 2000–2019 Continuous

Source: Authors.
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dummy coding technique instead. This is not to say that Helmert coding could not
be useful in some other context, with other measures.

In addition to binary or class-level variables, we also have continuous predictors:
wage earnings from 2000 to 2019, that is for the 20 years prior to retirement. The
level of annual earnings is also a valid proxy for employment late in the life course.

Adaptive multi-outcome multiple LAD-lasso regression model

In high-dimensional regression problems, the number of parameters to be
estimated is often much higher than the number of individuals in the sample. In
such cases, the ordinary least squares (OLS) method does not work.
Simultaneous effect estimation and variable selection using lasso
(Tibshirani, 1996; Li and Sillanpää, 2012) is a popular shrinkage estimation
approach to obtain sparse coefficient estimates in high-dimensional regression
problems. However, shrinkage methods have a well-known drawback. Even
though they improve estimation accuracy (i.e. they reduce variance in the
coefficient estimates), shrinkage methods also introduce some (typically
downward) bias to the effect estimates. To alleviate this problem, an adaptive
lasso has been suggested (Zou, 2006) so that the selected predictors are subject to
a reduced penalty and unselected predictors attract a heavier penalty. If the
sample contains outlying observations, robust LAD regression can be applied
together with lasso to increase the overall robustness of the method. In Table 2
we provide a simplified list of properties for the most typical regression methods
with shrinkage as well as the proposed adaptive LAD-lasso method.

In the context of lasso modelling, LAD-lasso has been suggested for univariate
(see Wang, Li and Jiang, 2007) and for multi-outcome cases (see Möttönen and
Sillanpää, 2015; Li, Möttönen and Sillanpää, 2015). Multi-outcome LAD-lasso is

Table 2. Properties of different regression methods

Regression
method

Introduces
little or
no bias

Reduces
variance in
the estimates

Is suitable for
p > n

Performs
variable
selection

Yields
robustness

Manages
excess number
of zero values

Linear ✓ ✗ ✗ ✗ ✗ ✗

Ridge ✗ ✓ ✓ ✗ ✗ ✗

Lasso ✗ ✓ ✓ ✓ ✗ ✗

LAD-lasso ✗ ✓ ✓ ✓ ✓ ✗

Adaptive LAD-
lasso

✓ ✓ ✓ ✓ ✓ ✓

Source: Authors.
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related to the group lasso (Yuan and Lin, 2006) because the object function of
multi-outcome LAD-lasso also includes a group lasso penalty. Like common
shrinkage-inducing methods, LAD-lasso methods also suffer from downward
estimate bias. To alleviate this, adaptive LAD-lasso has been suggested for
univariate LAD-lasso by Arslan (2012) and for multi-outcome LAD-lasso by
Möttönen et al. (2021). Another motivation for using an adaptive technique is
the excess number of zeroes in the explanatory variables. A further study of
adaptive lasso can be found in Möttönen et al. (2021). The adaptive group lasso
method is presented in Wang and Leng (2008).

Consider a multi-outcome multiple regression model:

Y ¼ XBþ E;

whereY ¼ y1;…; ynð Þ0 is an n x pmatrix of n observed values of p response variables,

X ¼ x1;…; xnð Þ0 is ann x qmatrix ofnobserved values ofqexplanatory variables,B ¼

β1;…; βq
� �0

is aq x pmatrix of regression coefficients, andE ¼ ϵ1;…; ϵnð Þ0 is ann x p
matrix of residuals. We further assume that ϵ1; …; ϵn is a random sample of size n
from a p-variate distribution centred at the origin.

The multi-outcome group lasso estimation method is based on the penalized
objective function

1

n
∑
n

i¼1
yi � B0xij j2 þ λ∑q

j¼2 βj
�� ��;

where the parameter λ > 0 controls the amount of shrinkage of the estimators.
The minimizer of the objective function gives the multi-outcome lasso estimate
for the regression coefficient matrix B. Note that each of the q � 1 explanatory
variables (the intercept terms are omitted) have p regression coefficients
(one for each response variable) which form a group. If λ ¼ 0 and the design
matrix X is of full column rank, we get the very well-known least squares

solution bB ¼ X 0Xð Þ�1X 0Y . If λ > 0, the number of explanatory variables can be
even greater than the number of observations n, and we still get an estimate for
matrix B . When we increase the value of λ , the rows of the solution matrix,bβ02; …; bβ0q; shrink towards zero vector. The multi-outcome group lasso method

gives sparse solutions, but it is not robust against outliers. We get a more robust
estimate by replacing the sum of squared norms with the sum of norms. The
objective function is then
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1

n
∑
n

i¼1
∣yi � B0xi∣þ λ∑q

j¼2 βj
�� ��:

We call the minimizer of the objective function, above, the multi-outcome group
LAD-lasso regression estimate. Note that it can equivalently be written as

1

n
∑
n

i¼1
yi � B0xij j þ∑q

j¼2 0 � B0nλej
�� ��� �

;

where ej is aqx1 vector with a 1 in the j th coordinate and 0’s elsewhere. This implies

that we can reduce the objective function to the LAD estimation objective function
(Oja, 2010).

1

n
∑

nþq � 1

i¼1
y�i � B0x�i
�� ��;

where Y � ¼ Y 0; 0 q � 1ð Þ x p

� �0
and X � ¼ X 0; nλe2;…; nλeq

� �0
: We can use any

multi-outcome LAD regression routine to find the multi-outcome group
LAD-lasso estimate. In this article, we have used the function mv.l1lm of the
R-package MNM (see Nordhausen, Möttönen and Oja, 2016; Nordhausen and
Oja, 2011).

It has been shown that lasso estimation tends to underestimate regression
coefficients, and the same is true for the multi-outcome group LAD-lasso case.
The adaptive method proposed by Zou (2006) gives an estimate whose bias is
smaller than that of the standard lasso. Zou’s (2006) adaptive method can easily
be extended to the multi-outcome LAD-lasso case. We first find the (initial)

multi-outcome group LAD-lasso estimate bB 0ð Þ ¼ bB λ0ð Þ ¼ bβ 0ð Þ
1 ;…;bβ 0ð Þ

q

� �0
: The

minimizer of the objective function

1

n
∑
n

i¼1
yi � B0xij j þ∑q

j¼2λj βj
�� ��;

where

λj ¼ wjλ ¼ λ

bβ 0ð Þ
j

��� ���þ 1

n

; j ¼ 2; …; q;

gives the adaptive multi-outcome group LAD-lasso estimate bB . Since
the performance of adaptive LAD-lasso might be sensitive to the initial weights
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wj ¼ b∣β 0ð Þ
j j þ 1

n

	 
�1

, we can repeat this adaptive procedure several times. The λj ’s

of the objective function of the k th adaptive estimate are then calculated using the
previous adaptive estimate. Note that, as in the multi-outcome LAD-lasso case, the
adaptive LAD-lasso objective function can be reduced to the multi-outcome LAD
regression objective function.

Selecting lasso parameters

How, then, to choose the value of the tuning parameter λ? If our main concern is
determining the most plausible model, then we can use Akaike’s information
criterion (AIC) or Bayesian information criterion (BIC), for example. If our
main concern is with prediction accuracy, then the cross-validation (CV)
technique is often a good choice. In this article, we have used 5-fold cross-
validation for choosing the tuning parameter (see Möttönen et al., 2021).

Research questions

Retirement is often modelled using univariate regression techniques. In our study,
we apply an adaptive LAD-lasso regression approach. The multi-outcome multiple
technique and high-quality register data allow us to analyse the outcomes of the
statutory earnings-related pension scheme in detail, that is by simultaneously
modelling two dependent variables. We take advantage of the LAD modelling
technique (and CV criteria) to obtain robust estimates. In addition, we apply
adaptive lasso to decide which predictors of retirement to retain in the model
and to take account of zero values in predictors. Zero earnings could be due to
long-term unemployment or sick leave spells, for example. We model key
retirement measures – length of working life and final old-age pension income –
simultaneously using wage earnings and socioeconomic factors as predictors. Our
research tries to answer the following questions:
• Which socioeconomic factors are statistically important in predicting
retirement?
• Why is LAD regression a viable option in analysing heavily skewed dependent
variables?
• What are the benefits of multi-outcome modelling of retirement?

Descriptive results

First, we describe the dependent variables by showing the distribution of length of
working life and amounts of earnings-related pensions. Figure 3 and Table A.2
(Appendix) show the results for the distribution of length of working life. The
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distribution exhibits a long left tail that consists, first, of disability pensioners
whose working life was cut short by permanent disability; and second, of the
unemployed with inactive spells. Those in poor health and the disabled rarely
recover and return to the labour market late in the life course. Overall, the
distribution of the length of working life centres around 35.9 years (median
39.3 years), which in the Finnish context is a typical figure at old-age retirement
(see Finish Centre for Pensions, 2020a). Appendix Table A.2 shows the results
for different sub-groups of the population. For example, men’s careers are on
average 1.5 years longer than that of women. Self-employed persons and farmers
have longer careers than regular employees. Long-term unemployment, as
indicated by late career socioeconomic status, leaves a lasting scar on career
development, and often means that working life is cut short (21.4 years).

Figure 4 also shows that the distribution of earnings-related pensions is skewed
to the left, towards smaller pensions. These observations are not false
measurements but true values that should be modelled correctly. According to
Appendix Table A.2, the mean pension is EUR 1,976/month, which is closely in
line with figures from official statistics. Pension amounts vary significantly.
Higher education is associated with large pensions. University graduates received
twice as much in pension income as those with no more than basic education. A
high occupational position (upper-level employees) yields high pension security.
In contrast, large groups of the population (e.g. disability pensioners, the
long-term unemployed and manual workers) have low levels of pension security.
The systemic problems inherent in the Finnish pension scheme from the point

Figure 3. Distribution of length of working life until 31 Dec 2019, in years

Source: Authors.

Modelling old-age retirement: An adaptive multi-outcome LAD-lasso regression approach

International Social Security Review, Vol. 75, 1/2022

© 2022 The Authors. International Social Security Review published by John Wiley & Sons Ltd on behalf of International Social Security Association.

15



of view of the self-employed are described in Salonen, Koskinen and
Nummi (2020).

Second, the explanatory variables cover the essential determinants of
earnings-related pensions. We observe gender differences as well as differences
between socioeconomic groups. The reference groups in these analyses are
chosen to yield meaningful results and shed light on the research questions.
Appendix Table A.2 shows the group sizes of the explanatory variables. For
example, we see that the largest educational background group consists of
retirees with no more than secondary education (40.0 per cent). Occupational
background is relatively evenly spread across three major groups: lower-level
employees (31.9 per cent), upper-level employees (20.9 per cent) and manual
workers (19.5 per cent). The results for the timing of retirement indicate that the
majority (59.5 per cent) of retirees opt to or are forced to retire early.

Figure 5 provides a more detailed look at the distribution of outcome variables
by class and binary explanatory variables. The plots indicate that there is some
systematic concentration of values and some extreme values in both outcomes.
There are natural explanations for these extreme values. The Finnish pension
system specifies no ceiling for pensions and there are indeed some
extraordinarily high pensions. Having said that, it is more common to see a
combination of fragmentary employment history, low earnings and absences
from the labour market, which translate into short working lives and shortfalls in

Figure 4. Distribution of earnings-related pension in EUR/month (asinh scale)

Note: The asinh scale is similar to log-transformation.
Source: Authors.
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pension security. As expected, men have higher pensions and more consistent
working lives than women. A high level of education is associated with high
pension security and long working lives. However, university education is
oftentimes associated with slightly shorter working lives, because of a late
transition to the labour market. It is also clear that the self-employed have
inadequate pension security despite long careers. However, the findings also
revealed a small group of retirees with short working lives and high pension
income. This is made possible by current pension rules.7 These people have
deferred retirement beyond the standard age.

Figure 5. Scatter plots of length of working life in years and earnings-related pension in
EUR/month (asinh scale) observing the distribution of gender, education, employer,
socioeconomic status pension benefit and timing of pension. [Correction added on 28
March 2022, after first online publication: Figure 5 has been reprocessed as color in
the online version only.] [Colour figure can be viewed at wileyonlinelibrary.com]

Note: The asinh scale is similar to log-transformation.
Source: Authors.
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Finally, before continuing our statistical analysis, the data allows us to study one
indicator of pension adequacy, namely the gross replacement ratio. If we count the
ratio based on the amount of earnings-related pension and latest earnings (average
for 2017�19), the median ratio is 60.1 per cent. According to the replacement
ratio, old-age retirees can take some comfort in the statutory earnings-related
pensions system, although there exist far more elaborate indicators available to
measure the adequacy of pensions (see, for example, Alonso Fernández
et al., 2018).

Outcome variable transformations

We observe from the dataset that pensions and wage earnings have extremely long
tails, making them non-normally distributed. A logarithmic transformation would
therefore be preferred, but both these variables contain meaningful zero-valued
observations for which the logarithm is undefined. To retain these observations,
we apply an inverse hyperbolic sine transformation (asinh) for the pensions and
annual earnings. Asinh transformation approximates the natural logarithm, and
with dummy variables the interpretation of the coefficients remains similar when
the mean of the dependent variable is larger than ten (see, for example,
Bellemare and Wichman, 2020).

Modelling results

The first step of the LAD-lasso estimation involves selecting a suitable value for the
tuning parameter, which controls the amount of overall shrinkage and the total
number of selected variables in the analysis. The λ parameter is a user-defined
parameter that must be evaluated by some means (e.g. using statistical
information criteria). In our application, the cross-validation criterion (CV) is
used to select an optimal value. The use of the CV criterion implies that we want
to minimize the prediction error. As shown in Figure 6, the minimum value is
found at 0.00208, which is our choice for further analysis. The value changes
somewhat during adaptive lasso iteration steps. The practical implication of the
value of λ is that the higher this value, the greater the chance that an explanatory
variable (or class in our case) is rejected from the model, that is that the estimate
is set to zero.

The results of the analysis can be illustrated in figures and tables. The model
solves and yields the coefficient estimates (β) for both dependent variables.
Indeed, from Figure 7 we can see the coefficient estimates for old-age pension

7. Deferring retirement beyond the target retirement age yields a 0.4 per cent monthly increase in the
amount of old-age pension payable. There is no upper age limit to the increase for late retirement.
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(left) and length of working life (right). Note the slightly different scales. The
corresponding coefficient estimates are also shown in Appendix Table A.3. Note
that coefficient estimates of the analysis may differ to the expectations defined by
explanatory variables presented previously. Next, looking at the predictors
separately, we can make several observations.

First, when the focus is narrowed to wage earnings, we note that 14 of the 20
earnings years should be included in the model. Adaptive lasso modelling rules
out some annual wages from the model (Rejected variable=TRUE). Coefficient
estimates are zero in 2002, 2004, 2008, 2012, 2013 and 2014. It seems that the
years rejected are spread out across the late stages of the life course. They do not
include any specific business cycle or pension system related events or changes.
In other years, the estimates of pension income are close to zero because of the
asinh-transformation. From the point of view of pension accrual, every year
counts: the contribution of each year to pension accrual is 1.5 per cent. All
positive estimates indicate a positive effect of wages (employment) on both
working life and final pension income. This is in line with expectations. Upon
closer examination of the annual estimates, we see that the years 2011, 2006,
2005 and 2000 have the greatest effect on both final pension income and
working life. Some years, such as 2003, 2009 and 2017, show a large effect on
working life but a small effect on final pension. The effects of wages on pension
are probably explained by the fact that the life-cycle earnings trajectory is at its

Figure 6. Estimation of tuning parameter λ with cross-validation criterion (CV)

Source: Authors.
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highest during the years near retirement. Overall, the effect of age on earnings in
Finland is similar to that in many other European countries (see Eurostat, 2020).

Second, the coefficient estimates for gender are consistent with the statistical
evidence. The descriptive statistics in Appendix Table A.2 show that women’s
pensions are 22 per cent lower than men’s and their working lives 1.5 years
shorter. Statistical modelling yields a more in-depth estimate of gender
difference. Gender coefficient estimates (Table A.3) along with other predictors
in the statistical model indicate 0.35 years shorter working lives and 19 per cent
lower pensions for women.

Third, coefficient estimates of the level of education have basic education as the
reference category, and the results show that higher education groups have shorter
working lives but higher pensions. The finding of shorter working lives of the
higher educated seems counterintuitive but is explained by the reference classes
in this kind of study design. A note is in order concerning the fact that the late
labour market entry of university graduates usually indicates shorter working
lives. We also examined the effect without earnings variables, and this showed
longer working lives for the higher educated. Our conclusion is that in the
context of the earnings-related pension scheme, higher education is associated

Figure 7. Model coefficient estimates for earnings-related pension (left) and length of
working life (right)*

Note: Using CV criteria and λ value of 0.00208.
Source: Authors.
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with much higher earnings trajectories over the life course, yielding those high
pensions.

Fourth, the results for the last employer before retirement bring another
surprise. The public sector employer is rejected, indicating no difference
compared to the private sector employer (ref). We expected that public sector
employees would have longer working lives. Rather, we can see that the
self-employed and farmers have longer working lives, but also smaller pensions.
In the Finnish context, this is exactly as expected (see Salonen, Koskinen and
Nummi, 2020). The result is mainly driven by the self-employed in small
businesses and their low statutory pension security.

Fifth, socioeconomic groups indicate difference with respect to manual workers
(ref). Three groups are rejected: the self-employed, lower-level employees and
pensioners (early retired). Farmers have longer working lives (4.29 years)
and slightly higher (2.3 per cent) pensions compared to manual workers.
Upper-level employees have slightly shorter working lives (-0.77 years) and
higher pensions (12.8 per cent) than manual workers. Retirees with an
unemployment background during the late life course have shorter working lives
(-3.17 years) and smaller pensions (-6.7 per cent).

Sixth, coefficient estimates for pension benefit indicate that disability pensioners
are rejected, while early old-age pensioners are included. Early old-age pensioners
have longer working lives (0.61 years) and smaller pensions (3.2 per cent)
compared to the old-age retired.

Seventh, timing of retirement indicates that late retirees should be rejected from
the model. Persons retiring early have shorter working lives (-0.73 years) and
smaller pensions (-11.3 per cent). This result is consistent with expectations.

Conclusions

This study presents an analysis of old-age retirement in Finland using two key
indicators and a range of socioeconomic predictors. In the context of the statutory
earnings-related pension scheme, the two revealing measures of the pension
scheme are final pension income and length of working life or pension accrual
time. Socioeconomic measures late in the life course, near retirement, are the
most useful explanatory variables for elaborating the analysis.

Using unique and up-to-date register data, we applied an adaptive LAD-lasso
modelling approach to study three questions: i) which socioeconomic factors are
statistically important in predicting retirement, ii) why is LAD regression a viable
option in analysing heavily skewed dependent variables, and iii) what are the
benefits of multi-outcome modelling of retirement.
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Adaptive LAD-lasso modelling allows us to analyse model coefficient
estimates and to evaluate which predictors should be rejected from the
statistical model. In our analysis, we rejected several socioeconomic predictors
and earnings years. Conversely, many classes and measures receive estimates
that are in line with expectations, both in terms of sign and value. According
to our results, the self-employed have long working lives but small pensions.
Higher education yields high pensions. Upper-level employee status is
associated with a high pension, whereas late-career unemployment is
associated with fragmentary working lives and a low earnings-related pension.
The relatively new benefit of early old-age pension is associated with a more
or less normal working life, but it reduces the amount of the pension payable.
Late-career employment earnings play an important part in defining the final
amount of pension, and this was visible in our results. As always, there is
room for improvement in the study design and the measures used, but this
study clearly demonstrates the potential of the LAD approach in analysing
retirement.

The outcomes of this study raise questions regarding the tails of the
distribution of the response variables. There are long left tails both in final
pension income and the length of working life. In addition, the explanatory
variables (earnings in 2000–2019) include an excessive number of zero
values. Multi-outcome OLS regression analysis, which works best when the
response variables are nearly normally distributed, is probably not the best
technique with this kind of data where the long tails of the distribution
should be considered. The adaptive LAD-lasso technique can overcome these
challenges and produce robust and nearly unbiased regression coefficient
estimates.

Retirement and length of working life are two ongoing research topics. This
study offers a new perspective on studying retirement in more detail by means of
the joint modelling of pension income and working life. By focusing on
earnings-related pensions, it is possible to analyse factors that affect and
contribute to these key measures. A note is in order on the extent of pension
security covered in this study: we chose not to include universal pension benefits
(national pension and guarantee pension) and therefore are not in the position
to draw a full picture of overall pension incomes. The proposed technique could
be used to analyse total pension incomes as well, but that remains a subject for
another study.

Beyond the topic studied here, the adaptive LAD-lasso regression technique is
now readily available for other applications in the pension industry, where
robust estimators and scalability (with respect to the number of observations
and predictors) are needed. The potential applications for this kind of
technique are located in longitudinal analysis, such as life course analysis.

Modelling old-age retirement: An adaptive multi-outcome LAD-lasso regression approach

International Social Security Review, Vol. 75, 1/2022

© 2022 The Authors. International Social Security Review published by John Wiley & Sons Ltd on behalf of International Social Security Association.

22



Similar designs are found in insurance policy analysis. Moreover, the
multi-outcome modelling yields possibilities to insurance analysts to analyse
several risk outcomes simultaneously.
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A. Appendix

Table A.1. Glossary of technical and statistical terms

Term Contents Synonym

Asinh
transformation

asinh xð Þ ¼ ln xþ ffiffiffiffiffiffiffiffiffiffiffiffiffi
x2 þ 1

p� �
Inverse hyperbolic sine
transformation

Cross-
validation (CV)

Model validation technique that resamples the original data Rotation estimation

Explanatory
variable

Variables that explain the variation of the response variable(s) Independent variable

Gross
replacement
rate

Gross pension entitlement divided by gross pre-retirement earnings

Information
criteria

Criteria for model selection, for example Akaike information criterion
(AIC) and Bayesian information criterion (BIC). Compromises between
goodness of fit and model complexity

LAD Least absolute deviations. In the objective function the sum of squared
norms (OLS) is replaced with the sum of absolute values

Lasso Least absolute shrinkage and selection operator. A regression analysis
method for simultaneous variable selection and coefficient estimation

Multi-outcome Multiple response variables, which are typically correlated, are included
in the model

MultivariateMultioutcome

Norm The length or magnitude of a vector. The Euclidean norm of the vector

x ¼ x1;…; xnð Þ is defined as

∣x∣ ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
x21 þ…þ x2n

p
Typically, Euclidean
norm

OLS Ordinary least squares. Objective function is a sum of squared norms

Response
variable

Variables whose variation is studied Dependent variable
Outcome variable

Univariate One response variable is included in the model

Source: Authors.
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Table A.2. Descriptive statistics

Count Share of
total, %

Mean
wage*

Mean old-age
pension*

Mean length of
working life, years

Total 4,197 1,976 35.9

Male (ref) 1,999 47.6 2,229 36.6

Female 2,198 52.4 1,745 35.1

Primary ed. (ref) 717 17.1 1,583 31.6

Secondary ed. 1,677 40.0 1,623 36.7

Post-sec. ed. 848 20.2 1,960 37.4

Lower uni. 367 8.7 2,414 36.7

Higher uni. 588 14.0 3,209 36.0

Private sector employee (ref) 2,066 49.2 2,020 35.0

Public sector employee 1,657 39.5 2,059 36.0

Self-employed or farmer 474 11.3 1,491 39.0

Manual worker (ref) 817 19.5 1,667 38.0

Farmer 88 2.1 1,238 41.1

Self-employed 410 9.8 1,687 38.9

Upper-level emp. 876 20.9 3,086 38.1

Lower-level emp. 1,340 31.9 1,855 38.8

Pensioner 67 1.6 1,476 24.7

Unemployed, student etc. 599 14.3 1,405 21.4

Old-age pension (ref) 3,212 76.5 1,979 35.1

Disability pension 114 2.7 1,550 33.7

Early old-age pension 871 20.8 2,018 38.9

Retired at target retirement age (ref) 253 6.0 2,000 38.2

Early retired 2,496 59.5 1,824 37.1

Late retired 1,448 34.5 2,233 33.2

Wage 2019 3,370 80.3 3,354

Wage 2018 3,509 83.6 3,341

Wage 2017 3,589 85.5 3,408

Wage 2016 3,644 86.8 3,402

Wage 2015 3,699 88.1 3,380

Wage 2014 3,742 89.2 3,367

(Continued)
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Table A.2. Descriptive statistics - Continued

Count Share of
total, %

Mean
wage*

Mean old-age
pension*

Mean length of
working life, years

Wage 2013 3,756 89.5 3,313

Wage 2012 3,794 90.4 3,259

Wage 2011 3,804 90.6 3,181

Wage 2010 3,782 90.1 3,108

Wage 2009 3,804 90.6 3,021

Wage 2008 3,846 91.6 2,935

Wage 2007 3,851 91.8 2,782

Wage 2006 3,820 91.0 2,673

Wage 2005 3,815 90.9 2,635

Wage 2004 3,626 86.4 2,512

Wage 2003 3,608 86.0 2,411

Wage 2002 3,589 85.5 2,322

Wage 2001 3,580 85.3 2,252

Wage 2000 3,562 84.9 2,142

Note: Pension and wage in EUR/month.
Source: Authors.
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Table A.3. Model coefficient estimates

Log old-age pension Length of working life

Int. 6.261 9.506

Men (ref)

Women -0.209 -0.354

Basic ed. (ref)

Secondary ed. 0.000 -1.087

Post-secondary or tertiary ed. 0.096 -2.678

Lower univ. ed. 0.143 -3.878

Higher univ. ed. 0.264 -6.250

Private sector employee (ref)

Public sector employee 0.000 0.000

Self-employed or farmer -0.155 2.597

Manual worker (ref)

Farmer 0.023 4.298

Self-employed 0.000 0.000

Upper-level employee 0.121 -0.773

Lower-level employee 0.000 0.000

Pensioner 0.000 0.000

Unemployed, student etc. -0.069 -3.175

Old-age pension (ref)

Disability pension 0.000 0.000

Early old-age pension -0.032 0.612

Retired at target retirement age (ref)

Early retired -0.120 -0.729

Late retired 0.000 0.000

Wage 2019 0.005 0.170

Wage 2018 0.007 0.105

Wage 2017 0.005 0.257

Wage 2016 0.003 0.084

Wage 2015 0.007 0.168

Wage 2014 0.000 0.000

Wage 2013 0.000 0.000

Wage 2012 0.000 0.000

(Continued)
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Table A.3. Model coefficient estimates - Continued

Log old-age pension Length of working life

Wage 2011 0.028 0.320

Wage 2010 0.012 0.063

Wage 2009 0.015 0.384

Wage 2008 0.000 0.000

Wage 2007 0.034 0.224

Wage 2006 0.035 0.550

Wage 2005 0.059 0.914

Wage 2004 0.000 0.000

Wage 2003 0.009 0.311

Wage 2002 0.000 0.000

Wage 2001 0.011 0.041

Wage 2000 0.026 0.421

Source: Authors.
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