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Abstract Using unique data on the contribution base, we
investigate under‐insurance within the statutory pension
scheme for self‐employed workers in Finland. Under‐insurance
is defined as the difference between pension‐declared income
and tax‐declared income. The trajectory modelling technique
applied has allowed us to estimate the levels of under‐insurance
for different subgroups and to identify possible explanatory
factors. Under‐insurance is found to be persistent and large.
The analysis reveals six distinctive and homogenous sub‐groups
of self‐employed workers. Close to 84 per cent of these workers
pay too little in contributions, often leading to inadequate
protection against personal risks. Especially for lower‐income
self‐employed workers, this points to myopic behaviour as
regards contributing to the self‐employed statutory pension
scheme and calls for fine‐tuned economic incentives.
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Introduction

Self‐employed workers are those who work in their own firms, including
freelancers and independent professionals, or who participate in firms as business
partners. The labour markets for traditional employees and especially for
self‐employed workers have changed since the financial crisis in 2008.
Self‐employment has evolved differently across the Member countries of the
Organisation for Economic Co‐operation and Development (OECD), but there is
a clear trend of a rising number of part‐time self‐employed workers
(OECD, 2017). The increase of self‐employed workers as “gig workers” reflects a
larger restructuring of the labour market. Currently, there is a growing number
of classes of self‐employed workers active in different scopes of business. The
majority run small businesses with no employees and are financially vulnerable,
while others have paid employees and have high levels of income (e.g. Fachinger
and Frankus, 2015; Schulze Buschoff and Protsch, 2008).

In this article, the focus of our study is the statutory pension scheme for
self‐employed workers in Finland. According to a European Commission survey,
most countries provide some form of public old‐age social security for
self‐employed workers (EU‐SPC, 2018). In this sense, the European pension
systems in general differ from that of the United States of America for example,
where there are more voluntary schemes as well as individual options within
schemes (see, for example, Nyce, 2007). With respect to risks, it is common
that public social security arrangements include unemployment, parental,
sickness and disability benefits. The objectives of public statutory old‐age pension
systems are diverse. Whitehouse et al. (2009) construct a framework for old‐age
pension systems that is comprised of six general objectives. Three are important
from our point of view: i) pension coverage, ii) adequate retirement benefits,
and iii) financial sustainability and affordability of pensions to taxpayers and
contributors.

From the point of view of social insurance, the central question is whether the
pension insurance available to different classes of self‐employed worker is of an
adequate level. Pension security is the most significant form of social insurance
on an individual level. Typically, on leaving the workforce, it should provide an
income for 22–25 years on average. In the event of prolonged under‐insurance
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during a worker’s active working life, this would result in a considerable period of
financial insecurity in retirement. Personal financial knowledge is considered
important for adequately preparing for retirement. The question is whether
people with different levels of financial knowledge prepare differently for old age?
Angrisani and Casanova (2019) suggest that there is a general need to improve
levels of preparedness for retirement. Consequently, they argue that all people,
regardless of their different self‐rated and objectives levels of financial knowledge,
may benefit from financial literacy campaigns. Such campaigns should help
address under‐insurance to ensure that workers are protected adequately. At the
policy level, under‐insurance is already a European‐wide concern that has caught
the attention of the European Commission (EU‐SPC, 2018).

According to data and statistics from administrative registers, the Finnish
self‐employed form a heterogeneous group in terms of levels of income earned
from self‐employed work. Most professionals are “traditional” self‐employed
persons with low earnings: for example, hairdressers and barbers, truck drivers,
plumbers and construction artisans. These professions with their persistently low
incomes have been recognized in other countries too (Williams, 1999). Other,
much smaller, groups of self‐employed professionals, such as medical specialists,
medical doctors and pharmacists, have high income. In Finland, across the
life course and professional career, the status of workers may shift between
being self‐employed and employed and it is possible to hold the status of being
self‐employed alongside that of being an employee. According to OECD data, the
share of part‐time self‐employed persons among all self‐employed persons in
Finland was 29 per cent in 2016 (OECD, 2017). In fact, the majority of the
self‐employed work also as employees (Knuuti and Palomurto, 2015).

A survey conducted by the Actuarial Association of Europe reports that, in most
countries, the pension contribution for self‐employed workers is based on
tax‐declared earnings or profits. Finland, France and Spain are exceptions since
individual self‐employed workers in these three countries have the freedom to
select their own contribution base (see AAE, 2018).

Since the 1970s, pension coverage for the self‐employed in Finland has been
regulated by the Self‐Employed Persons’ Pensions Act (Government of
Finland, 2006), under which the self‐employed make mandatory contributions to
pension insurance. Statutory pension insurance for the self‐employed provides
coverage for the contingencies of permanent disability, the death of a spouse and
for old age. As stated, self‐employed workers in Finland set their own level of
pension‐declared income (income assessment base). Their pension accrues based
on this level of pension‐declared income. The ability to choose the level of
pension‐declared income has led a clear majority of the self‐employed to set their
income at a minimum level in order to pay low contributions. In other words,
under‐insurance is startlingly common. The pension security of the
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self‐employed is therefore much lower than that of regular employees.1 Although
there is a mechanism for the self‐employed to voluntarily update or adjust the
income assessment base in the statutory pension system, this is rarely used.

Three reasons may be presented to explain the observed tendency for
under‐insurance among self‐employed workers. First, some self‐employed
workers prefer to pay a small statutory pension contribution and rely on
individual savings and/or life insurance. This reflects low confidence in the
efficiency or sustainability of the statutory pension system. Second, as already
mentioned, the self‐employed are a heterogeneous group in terms of income.
The majority of the self‐employed have fragmentary working lives with uncertain
and variable income levels. Together with other budget constraints, this is an
understandable reason for selecting a low pension contribution, at least in the
short run. The mandatory pension contribution is a more‐or‐less fixed cost, and
therefore the incentive to keep it lower than the real income requirement is
strong. Third, certain mechanisms within the universal income‐tested social
security system (i.e. the national pension and guarantee pension)2 assist
low‐income individuals. Some self‐employed workers may choose to set their
mandatory earnings‐related pension contribution at a minimum level and rely on
the universal income‐tested scheme for old‐age security (free‐rider problem).

These problems indicate myopic behaviour. This is a serious problem, as
statutory pensions play such an important role in Finland in providing an income
in old age and in mitigating labour market and personal risks such as
unemployment, sickness, permanent disability and the death of the spouse. A
large proportion of self‐employed workers are ill‐prepared for these risks.3

In the economics literature, there are at least two possible explanations for this
myopia. First, ill‐informed individuals seem to respond systematically to their own
misperceptions of pension incentives (Chan and Huff Stevens, 2008). Second,
behavioural explanations propose “bounded rationality and self‐control and
suggest that at least some of the low‐saving households are making a mistake and
would welcome help in making decisions about their saving” (Thaler and
Benartzi, 2004).

The heterogeneity of the self‐employed implies further issues. A small share of
the self‐employed have well‐established businesses or have ownership in
enterprises. Typically, they are financially secure with no financial uncertainties

1. There are also other countries in the European Union where the income assessment base of the
self‐employed may lead to deficits in old‐age security (EU‐SPC, 2018).
2. For more information, see Kansaneläke and Takuueläke in the Finland country profile of SSA and
ISSA (2018).
3. Benartzi and Thaler (2013) report similar findings for employees in the United States. Almost one
quarter of those with access to an employer‐sponsored retirement plan fail to join, and many lack
sufficient savings.
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concerning their future income. These workers can afford to pay high pension
contributions. In Finland, such contributions are subsidized by the tax system.
The higher the contributions and the taxable income are, the more favourable
the subsidies. In fact, there is evidence that some groups of self‐employed workers,
mainly in the health‐care sector, pay the highest pension contributions possible to
receive the higher tax subsidies.

The concept of under‐insurance used in this article includes a moral statement
suggesting that the insurance arrangement, in practice, leads to inadequate pension
security. The accompanying question, therefore, is the need to define adequate
pension security. Clearly, the term “under‐insurance” requires an operational
definition in the pension context. For self‐employed workers, it is a question of
setting a correct income assessment base. A proper base should reflect the actual
labour input of the self‐employed worker. The taxable salary is a solid candidate
for an income assessment base. It reflects the labour input in a consistent and
reliable way. In addition, data on up‐to‐date taxable income is available from
administrative registers.

Here, we examine under‐insurance by assessing self‐employed workers who
persistently hold their pension‐declared income (the base for contribution and
income assessment) below their tax‐declared income. Our research questions are
the following:
• How common and persistent is under‐insurance?
• Which groups of the self‐employed are under‐insured?
• What factors explain under‐insurance?
For our research aims, it is essential to select a statistical method capable of finding
homogenous sub‐groups of the self‐employed. The research topic itself, as well as
the nature of the available data from administrative registers, requires longitudinal
analysis. Trajectory analysis is one technique based on finite mixture modelling
that can be used in this context. The latter can reveal interesting latent groups of
self‐employed that have different income levels. We can use the latent groups in
subsequent analysis and characterize them using selected background information.

For this study, the authors have had access to confidential individual‐level data
about the self‐employed in Finland. The data is drawn from the administrative
registers of the Finnish pension system. The high‐quality income data is merged
with a number of background factors to analyse the pension contribution base
during the period 2012–2016. The data and the trajectory method allow us to reveal
income trajectories that manifest the nature of statutory pension insurance;
namely, appropriate‐insurance, under‐insurance, or over‐insurance.

In the following, we first give an overview of statutory pensions for
self‐employed workers in Finland and show the importance of pension‐declared
income in the context of social security. Next, we introduce the trajectory method
and show the results of a statistical analysis based on which we have classified the
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self‐employed into several sub‐populations according to their pension‐declared
income. We then analyse the factors affecting the probability of belonging to a
certain sub‐group of the self‐employed. Finally, we conclude with a discussion of
the results.

Finnish pension system for self‐employed workers

The Finnish pension system for traditional employees4 and self‐employed workers is
statutory with comprehensive pension coverage. The statutory (first pillar) pension
provision consists of a defined benefit earnings‐related pension, which aims to
preserve the pre‐retirement income level to a reasonable degree. Universal
programmes (the national pension and guarantee pension) ensure minimum
security. Private pension insurance plays a relatively small role compared to the
statutory scheme for both regular employees and the self‐employed.5

By law (Self‐employed Persons’ Pensions Act), self‐employed workers must take
out statutory pension insurance if their financial activity or tax‐declared income
exceeds a certain limit and if their self‐employment has continued for at least
four months. The pension contribution rate of self‐employed workers is
determined based on that of the average private‐sector employee. On average, the
contribution rate of the self‐employed is equal to that of regular employees.6

Pension security accrues based on the pension‐declared income.
In the Finnish statutory pension scheme for traditional employees and

self‐employed workers, the contribution provides coverage for the contingencies
of permanent disability, the death of a spouse and old age. In addition, the same
pension‐declared income is used to determine eligibility for several benefits
provided through the universal basic social security system. Figure 1 shows the
benefits covered by pension‐declared income.

The pension‐declared income is an administrative yearly income base on which
the pension contribution is paid. By law, the pension‐declared income should
equal the value of the labour input of the self‐employed worker. The self‐employed
can negotiate this income with the pension provider (most commonly, a pension
insurance company).7 The tax‐declared income is the taxable yearly tax‐declared
income from the enterprise, excluding investment income (capital income). In an
ideal case, the tax‐declared income should equal the pension‐declared income, at
least over the long run. About 90 per cent of the self‐employed have some

4. For more information, see Työeläke in the Finland country profile of SSA and ISSA (2018).
5. For a more comprehensive description of the Finnish pension system, see Lassila and
Valkonen (2007).
6. However, employers pay the main part of the pension contribution of regular employees.
7. In Finland, “licensed non‐profit insurance companies, pension funds, and foundations serve as
carriers for the social insurance benefits and collect contributions”; see SSA and ISSA (2018).
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amount of tax‐declared income on a yearly basis. The remaining 10 per cent have no
such tax‐declared income, and their pension‐declared income is above the lower
limit. In other words, these self‐employed workers pay pension contributions to
the pension scheme for self‐employed workers although they have no tax‐declared
income from self‐employment.

The self‐employed can set their pension‐declared income within certain limits.
In 2017, the lower limit was 7,645 euros and the upper limit 173,625 euros
(EUR). These upper and lower limits follow price indexation. The limits
influence access to statutory pensions and the aforementioned universal social
security benefits. In practice, the lower limit is restrictive, as many low‐income
self‐employed workers find themselves ineligible for some benefits.

From year to year, the annual income of self‐employed workers can vary greatly,
but prolonged low income leads to low pension security. The upper limit is also
significant as some professionals (e.g. medical doctors and pharmacists) use the
upper limit to their personal benefit. As mentioned, these higher contributions
are subsidized by the tax system. Regardless, the upper limit is important because
it imposes a pension ceiling on a statutory pension system that otherwise lacks one.

The pension‐declared income and lower contribution limits have been discussed
repeatedly in Finland. Recently, the contribution base and future changes to the
pension scheme of the self‐employed were discussed in round‐table talks between
the Ministry of Social Affairs and Health (STM) and labour unions (STM, 2019).

Figure 1. Social security benefits covered by pension‐declared income

Note: *Lower limit for earning‐related unemployment benefit is EUR 12,564.
Source: Authors.
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There are no reserve funds collected in the statutory pension system for the
self‐employed, thus making it a pay‐as‐you‐go scheme. As the running pension
expenditure is not covered fully by pension contributions, the State participates
in the financing of pensions for members of the self‐employed scheme. In 2017,
the State’s share was 19 per cent of the pension expenditure, and it has financed
an increasing part of the pension expenditure for several years. Thus, the
financial sustainability of the pension system is at risk.

Unique administrative register data

Our research uses primary data from administrative registers on self‐employed
workers in Finland. The data covers the years 2012–2016, with a total of
144,014 self‐employed workers (that is, persons who work in their own firms,
including freelancers and independent professionals, and persons who participate
in firms as business partners) who pay statutory pension insurance. The data
covers 46 per cent of all self‐employed workers over the study period. The
main part of the data is the pension‐declared income and tax‐declared income
of the self‐employed.

The additional background data includes information about investment
income, type of enterprise, number of self‐employed spells, share of working life
as a self‐employed worker, wages earned as a regular employee, earnings‐related
pension of retirees, as well as individual characteristics, such as gender, highest
level of education, year of birth and occupation.

Table 1 shows that average income during the study period is stable. The figures
in parenthesis indicate the share of self‐employed workers who receive the type of
income in question. For example, about 50 per cent received investment income

Table 1. Average self‐employed earnings over study period 2012–2016, EUR/yeara

2012 2013 2014 2015 2016

Pension‐declared income 19,290 19,440 19,460 19,390 19,190

Pension‐declared
inc./Tax‐declared inc.

69% 70% 69% 67% 65%

Tax‐declared income 28,130 (94%) 27,720 (93%) 28,140 (94%) 28,800 (94%) 29,710 (94%)

Investment incomea 7,740 (51%) 7,950 (50%) 7,730 (49%) 8,600 (49%) 7,810 (48%)

Wage incomeb 24,270 (46%) 23,830 (42%) 23,000 (38%) 22,850 (36%) 23,140 (36%)

N 102,026 101,828 102,670 100,694 96,602

Notes: a For those who have some income (<0). b Wage earned as an employee.

Source: Authors, based on official data.
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from their enterprise. A slightly smaller share worked also as employees and
received a wage.

In the following analysis (see Table 3 and Table 4), we constructed several
independent variables from the additional data. The independent variables are
dichotomous, with class zero as the reference group.

The investment income is the taxable yearly capital income from the enterprise.
Given that investment income is not a basis for the statutory pension in Finland, we
did not use it in our analysis as a response variable. Instead, we used investment
income as an indicator variable. In the following analysis, the sum of
investment incomes was transformed into a dichotomous variable
(0=no investment income, 1=some investment income).

The wage earned as an employee is a gross yearly wage from work as a regular
employee. About 45 per cent of the self‐employed worked also as employees at
some point during the study period. We use wage income as an indicator
variable, which shows if the self‐employed worker had been a regular employee
during the study period. In the following analysis, the sum of wages earned as an
employee is transformed into a dichotomous variable (0=less than 5,000 euros,
1=5,000 euros or more).

We have constructed dichotomous variables from the individual measures in
the following way: spells as self‐employed (0=one spell, 1=more than one spell),
share of working life as self‐employed (0=less than 50%, 1=50% or more),
highest education (0=low education (basic level and secondary level), 1=high
education (university level)), gender (0=male, 1=female), age (0=older
self‐employed (born before 1965), 1=younger self‐employed (born in 1965 or
after)) and type of enterprise (0=self‐employed, 1=business partner).

Modelling longitudinal data: Trajectory analysis

Our data are longitudinal, with individuals followed over time. Traditional
longitudinal data analysis methods often assume that the study population
should be relatively homogeneous with respect to the study phenomena
conditioned on background variables (e.g. Fitzmaurice, Laird and Ware, 2011).
Our data are not homogeneous, but exceptionally heterogeneous. Heterogeneous
longitudinal data analysis has its own methods, which depend on whether the
response variable is continuous or categorical. If it is the former, then
the methods used are based mainly on the theory of, so‐called, finite mixtures. In
such cases, the two main options are group‐based trajectory analysis (GBTA; see
Nagin, 1999 and 2005) and growth mixture models (GMM; see Muthén and
Muthén, 2017). In GBTA, we assume that individuals within the group are very
homogenous (independent measurements and the same variance), whereas in
GMM an additional heterogeneity is accepted through random coefficients of the
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assumed model. In our analysis, we used GBTA since we wanted the individuals
within the groups studied to be as homogeneous as possible, to facilitate our
ability to interpret them. This analysis also leads to a computationally somewhat
more stable and faster solution, since GMM easily yields proliferation of the
number of parameters to be estimated when the number of clusters grows.

Trajectory analysis has been applied in many fields of study, such as labour
economics (Nummi, Salonen and O’Brien, 2017), sociology (Don and
Mickelson, 2014), managerial science (Mani and Nandkumar, 2016) and health
science (Franklin et al., 2013; Nummi et al., 2014 and 2017b). Trajectory analysis
is based on finite mixture modelling that is applied to longitudinal data.
Examples of the application of mixture modelling is given in Böhning et al., (2007),
and comprehensive examples of the applications of trajectory analysis in
psychology, the field from which the analysis originates, are presented in Nagin and
Odgers (2010).

The semi‐parametric8 trajectory modelling can be described in the following
way.

Let yi = (yi1, yi2,…, yiT)′ represent the sequence of measurements on an
individual i over T periods, and let fi(yi|Xi) denote the marginal probability
distribution of yi with possible time‐dependent covariates Xi. It is assumed that
fi(yi|Xi) follows a mixture of K densities

f i yijX ið Þ ¼ ∑
K

k¼1
πk f ik yijX ið Þ; ∑

K

k¼1
πk ¼ 1 with πk > 0; (1)

where πk is the probability of belonging to sub‐group k, and fik(yi|Xi) is the density
for the kth sub‐group. For modelling the trajectory mean in time t, simple linear
models such as low‐degree polynomials are usually applied. For example, the
following simple linear model can be used to model the development within
the sub‐group k in time:

x
0
βk ¼ β0k þ β1kt (2)

The mean model can also include other time‐dependent covariates or time‐stable
covariates (risk‐factors). For parameter estimation and sub‐group assignment, the
method of Maximum Likelihood (ML) is often applied (see Nagin, 1999; Jones,
Nagin and Roeder, 2001; Jones and Nagin, 2007). The posterior probability for
sub‐group membership is defined by

8. The term semi‐parametric means that the groups themselves are nonparametric constructs, but the
development within the groups are modelled with parametric models.
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wik ¼ πkf k yijX i;∅kð Þ
f yijX i;∅kð Þ (3)

under parameter estimates b∅k and bπk. The updated sub‐group probabilities are the

bπk ¼ 1

N
∑
N

i¼1
bwik : (4)

Once the model parameters have been estimated, the posterior probability
estimates provide a way to assign each individual to a specific sub‐group or
developmental trajectory. Individuals can be assigned to the specific sub‐group in
which their posterior probability is the highest. Note that the sub‐groups
revealed by trajectory analysis are not fixed constructs like gender, social group,
city or country. They are just approximations of a more complex reality.
Therefore, each individual belongs to a specific group only with a certain
probability.

In practice, the analysis involves several steps. The first step is to select the
trajectory model. This involves selecting the appropriate outcome distribution
(e.g. normal, binomial, Poisson), with the assumed model for mean development
(e.g. low‐degree polynomial). The second step involves selecting the number of
sub‐groups. This is determined with statistical information criteria (e.g. AIC or
BIC)9 and subjective evaluation. Using the final estimated mixture model, each
individual’s posterior probability to belong to the specific cluster can be
calculated. It is then customary to assign an individual to a cluster using a
maximum posterior probability. The analysis can further be extended using
multinomial modelling to explain factors that affect sub‐group memberships (see
Jones, Nagin and Roeder, 2001; Jones and Nagin, 2007).10

Empirical analysis

Selecting the number of trajectory groups

The first step of the analysis was to select the regression model for the trajectory
groups and to make assumptions about the distribution of the outcome
(pension‐declared income). We chose a simple low‐degree time polynomial as

9. AIC = Akaike information criterion; BIC = Bayesian information criterion.
10. Trajectory analysis is a readily available technique in many statistical software packages, such as R,
Mplus, Stata and SAS. An overview of trajectory modelling software is presented in van der Nest
et al. (2020). We have used the SAS Proc Traj procedure for our analysis (e.g. Jones, Nagin and
Roeder, 2001; Jones and Nagin, 2007).
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our regression model and the normal distribution for the outcome variable. The
next step was to identify the number of groups or mixture components from the
sample (in our case, the population) using BIC information criteria.11 The
investigation of the number of groups started from four groups and concluded
with seven. The seven‐group solution yields best BIC value, but for practical
reasons, a six‐group solution seems to be the most relevant considering natural
interpretations. This is also because seven groups or more would yield groups
too small to be useful in practice. For the group‐specific mean trajectory model,
we simply fitted straight lines in time “year”. In addition to time, we also used
tax‐declared income as a time‐dependent covariate in the trajectory model.

The group‐specific trajectories of the pension‐declared income in Figure 2 are
based on group averages from the original data. Figure 2 also includes the
averages of tax‐declared income in the same groups. Figure 2 further includes
upper and lower limits of the pension‐declared income (dotted lines). Note that
the upper limit is the same as the contribution ceiling. For simplicity, the fit
of the group‐specific regression models are not drawn in Figure 2. However,
before we explain the results in more detail, we will comment on the fit of the
statistical model. The goodness of the fit can be evaluated by posterior group
membership probability means, which define which group an individual is
assigned to. The values are the following: 0.96, 0.93, 0.99, 0.90, 0.96 and 1.00.
High probabilities indicate that the self‐employed can credibly be grouped into
six distinctive sub‐groups.12

Main results

Overall, the figures indicate a constant share of under‐insurance over the study
period, which is not surprising. The sub‐groups revealed by the trajectory
analysis have some common features. We can see that the smallest groups have a
high pension‐declared income that is above the tax‐declared income. These
groups are named over‐insurance (Groups 1, 4 and 6). The two largest groups
have a pension‐declared income that is below the tax‐declared income. They are
named under‐insurance (Groups 3 and 5). One group has a pension‐declared
income that roughly equals the tax‐declared income. It is named appropriately‐
insured (Group 2).

The pension‐declared income is above the tax‐declared income in Groups 3
(0.9%), 5 (3.2%) and 6 (0.3%). This means that roughly 4 per cent of the
self‐employed pay more for their pension insurance than their actual

11. The corresponding BIC values (N=144,014) are: ‐1,732,497, ‐1,685,484, ‐1,652,955 and
‐1,639,755.
12. Nagin (2005) states that 0.7 is the minimum level for solid group assignment.
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tax‐declared income would require. In Group 3, the pension‐declared income is
about EUR 94,100 and the tax‐declared income about EUR 88,500. Thus, the
difference of pension‐declared income to tax‐declared earnings is relatively large.
In Group 5, the pension‐declared income is about EUR 54,100 and the
tax‐declared earnings EUR 50,800. In the smallest group (Group 6),
the pension‐declared income is about EUR 159,100 and the tax‐declared earnings
EUR 161,500 at the end of the study period.

In the vast majority of cases, the pension‐declared income is below the
tax‐declared earnings. Groups 1 (57.6%) and 4 (26.1%) include 84 per cent of
the self‐employed. In Group 1, the pension‐declared income is about
EUR 10,900 and the tax‐declared income about EUR 22,400. Correspondingly,
in Group 4, the pension‐declared income is about EUR 21,500 and the
tax‐declared income about EUR 30,100. Group 1, which is the largest group,
also shows a large difference between the pension‐declared income and the
tax‐declared income. We can note that the levels of pension‐declared income
and tax‐declared income are low in any case. For instance, if we compare
the tax‐declared income of Group 1 to private‐sector workers, the level for the

Figure 2. Income trajectories over study period 2012–2016, average EUR 1,000.

Notes: Dotted lines indicate the upper and lower limits of the scheme. Circle‐marked and solid lines indicate the
income trajectories.

Source: Authors, based on official data.
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self‐employed fall short of the private‐sector workers. The average tax‐declared
income of private‐sector workers was EUR 37,300 in 2015, which is 1.8 times
greater than the tax‐declared earnings of the self‐employed in Group 1 over
the same period.

Group 2 (11.9%) has a pension‐declared income of EUR 33,900 and a
tax‐declared income of EUR 35,500. In other words, the tax‐declared income
roughly equals the pension‐declared income. This group, which is the smallest, is
of special interest. It consists of self‐employed workers whose tax‐declared
income and pension‐declared income are high. In practice, a number of these
self‐employed workers choose to set their pension‐declared income at the upper
limit. Their tax‐declared income is also at the same level.

What would happen to the pension contribution if the contribution base of the
self‐employed were to change from the pension‐declared income to the
tax‐declared income drawn from tax registers? Let us consider the largest group
(Group 1: 57.6%). In 2016, the average annual contribution based on the
pension‐declared income of the self‐employed in Group 1 was EUR 2,627
(contribution rate: 24.1%*10,900 euros). If the contribution base would be the
tax register, the average contribution would be EUR 5,423 (24.1%*22,500 euros).

Finland’s economy has been struggling since the financial crisis in 2008,
encompassing the study period, with a growing number of enterprises going
bankrupt (Statistics Finland, 2017). This could explain part of the under‐insurance,
as low‐income self‐employed workers often work as artisans or run small
businesses (e.g. beauty salons and single‐person construction firms). The public
social security system has mechanisms in place to assist low‐income individuals.
Some self‐employed workers may select to set their earnings‐related pension
contribution at the minimum level and rely on a public minimum pension and
other means‐tested benefits for old‐age security.

Probability of trajectory group membership

The next step of the analysis is to find the risk factors (see background
information) that affect the probability of group membership. We examined the
connection of background material to trajectory group membership by specifying
the probability of trajectory group membership to follow a multinomial logit
model. The multinomial logit model with coefficient odds ratio estimates were
estimated simultaneously with the trajectory estimates of the trajectories
themselves. We have taken into account the individual‐level risk factors as
described in the previous section. The results are presented with Group 2
(appropriately‐insured) as the reference group. Table 2 shows the odds ratios of
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the background material. As a rule, the odds ratios indicate the differences between
the reference group (Group 2) and other groups.

Groups 1 (1.2), 3 (1.2), 4 (1.2) and 6 (1.5) are more likely than the reference
group (Group 2) to contain females. Group 5 (0.9) is less likely to do so. The
risk factor of having a high educational level is different in the various groups.
Compared to Group 2, Groups 3 (2.6) and 6 (5.6) are more likely to include
highly educated people. The probability is smaller in Groups 1 (0.2), 4 (0.2) and
5 (0.4). The risk factor of being a business partner is smaller in all other groups
than in the reference group (Group 2). The risk factor of having several spells of
self‐employment varies between the groups, but the statistical significance is low
in some cases. It is less likely for people in Group 6 (0.2) to have several spells
of self‐employment compared to those in Group 2. Several spells of
self‐employment are more likely in Groups 1 (1.2) and 4 (1.3) than in the
reference group.

The risk factor of having a long active career as self‐employed differs between
the groups, yet the statistical significance is low in some cases. Groups 1 (1.2)
and 4 (1.3) are more likely than Group 2 to have long working lives. Those
in Groups 3 (0.8) and 6 (0.8) are less likely to have long working lives than
those in Group 2. Those in Groups 3 (1.7) and 6 (4.6) are more likely to be

Table 2. Predictors of trajectory group membership (odds ratio)

Risk factor Odds ratio, Group 2, ref (11.9%) appropriately‐insured

Group 1 (57.6%)
under‐insurance

Group 3 (0.9%)
over‐insurance

Group 4 (26.1%)
under‐insurance

Group 5 (3.2%)
over‐insurance

Group 6 (0.3%)
over‐insurance

Female 1.2*** 1.2*** 1.2*** 0.9*** 1.5***

Highly educated 0.2*** 2.6*** 0.2*** 0.4*** 5.3***

Business partner 0.5*** 0.7*** 0.4*** 0.8*** 0.3***

Several spells as self‐
employed

1.2*** 0.9*** 1.3*** 1.0*** 0.2***

High share of working
life as self‐employed

1.2*** 0.8*** 1.3*** 1.0*** 0.8***

Younger self‐
employed

0.6*** 1.7*** 0.5*** 0.8*** 4.6***

Investment income 0.9*** 1.0*** 0.5*** 1.2*** 2.3***

Wage income as
regular employee

1.0*** 0.9*** 1.7*** 0.9*** 0.3***

Notes: Estimates from Multinomial Logit regressions. ***, **, and * indicate significance at the 1%, 5% and 10%
level, respectively.

Source: Authors, based on official data.
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younger self‐employed persons than those in Group 2, while this is less likely for
those in Groups 1 (0.6), 4 (0.5) and 5 (0.8).

The risk factor of drawing investment income from self‐employment varies
between the groups. Those in Groups 5 (1.2) and 6 (2.3) are more likely to have
investment income than those in Group 2, while this is less likely for those in
Group 5 (0.9). The risk factor of working as an employee also varies between the
groups. The probability is higher among those in Group 4 (1.7) than among
those in Group 2, while this is less likely for those in Groups 5 (0.9) and 6 (0.3).

The self‐employed in the under‐insurance groups are more likely to be
blue‐collar workers compared to those in the appropriately‐insured group. The
self‐employed in the under‐insurance groups are less likely to be highly educated,
young or business partners. They are also more likely to have several spells as
self‐employed and long self‐employed working lives. The self‐employed in the
under‐insurance Group 4 (26.1%) are less likely to draw investment income from
their enterprise and are more likely to have employment contracts outside their
own enterprise.

The over‐insurance groups differ from each other. The smallest of them, Groups 3
(0.9%) and 6 (0.3%), share some common features. They are more likely to
consist of blue‐collar workers, and workers who are highly educated and young
compared to those in the reference group. They are less likely to be business
partners, to have several spells as self‐employed or to have long self‐employed
working lives. The self‐employed in over‐insurance group 5 (3.2%) are more
similar to the self‐employed in the under‐insurance groups. Interestingly, the
self‐employed in the over‐insurance groups are less likely to have wage income
as employees.

Sensitivity of trajectory group membership probabilities

Next, we elaborate the analysis further. The configuration of risk (or background)
factors can be used to predict the probability of trajectory group membership (e.g.
Nagin and Odgers, 2010). Table 3 shows the impact of ten scenarios with eight
predictor variables. Scenario 1 assumes all predictors are equal to zero. This is
the same as when counting group membership probability for the self‐employed
with none of the risk factors. Scenarios 2 to 9 report the same probabilities for
self‐employed persons with only one of the eight risk factors included in the
model. This calculation illustrates that each risk factor increases the probability
of membership in one or more of the sub‐groups. Some individual risk factors
shift the probabilities away from those in a no‐risk scenario (1).

For example, consider scenario 4 (Business partner) and scenario 7 (Younger
self‐employed). The composition of these groups is different compared to the
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no‐risk scenario. The largest group gets smaller and other groups grow
respectively. Of note, the reference group (appropriately‐insured) is significantly
larger in the above scenarios. Another example concerns scenario 3 (Highly
educated) and Groups 1 and 6 with the lowest and the highest pension‐declared
income, respectively. The statistical model predicts that the probability of
membership in Group 1 is 52.1 for highly educated self‐employed persons who
have none of the other risk factors. The counterpart prediction for membership
in Group 6 for these self‐employed workers is 0.8. In contrast, the predicted
probabilities of membership in Group 1 and Group 6 for the self‐employed with
no risk factors are 72.9 and 0, respectively. Thus, being highly educated reduces
the probability of membership in Group 1 and increases the probability of
membership in Group 6. The presence of all risk factors (scenario 10) results in
changes in group probabilities, but the order of the groups remains the same.

In the following section, we study the group composition in more detail in
terms of occupation type and statutory pension.

Trajectory groups and occupation

In Finland, the self‐employed are most often engaged in professional occupations
or in running small‐scale enterprises. The most common professions or enterprises
are construction firms and beauty salons. Table 4 shows the five most common
professions by trajectory group. The under‐insurance groups (1 and 4) and
appropriately‐insured group (2) consist of professions such as hairdressers
and barbers, truck/taxi drivers, health‐care professionals and construction
professionals. The over‐insurance groups (3, 5 and 6) consist mainly of medical
and business professionals. Pharmacists, for example, are almost exclusively in
Group 6. When considering pension‐declared incomes and groups, the division
is clear. The largest groups are low‐income groups in terms of both
self‐employed tax‐declared and pension‐declared income.

Trajectory groups and the retired self‐employed

About 8 per cent of the self‐employed (n=11,020) in our data sample retired by the
end of the study period. About 75 per cent of those are old‐age retirees. We can
thus evaluate the real level of statutory pension security in the trajectory groups.
This essentially represents the outcome for the entire working life, which should
cover income needs for the remaining life course. Two things need to be
explained before making further comparisons. First, the statutory pension
consists of earnings‐related and universal but income‐tested public pensions. In
the Finnish pension system, the role of earnings‐related pensions is far greater

The under‐insurance of self‐employed workers in the Finnish pension scheme

International Social Security Review, Vol. 73, 4/2020

© 2020 The Authors. International Social Security Review published by John Wiley & Sons Ltd on behalf of International Social Security Association

43



than that of public pensions. However, in individual cases, especially considering
the self‐employed, the role of income‐tested public pensions is important for
old‐age income. Second, the pension for the self‐employed may consists of
pension income from regular employment as well. Periods working also as an
employee are common among the self‐employed. Thus, the low pension accrual
from self‐employment is somewhat compensated by the pension from
employment.

Figure 3 shows that statutory old‐age social security differs from group to group.
The old‐age pension (euros/month) from self‐employment is the lowest (440) in
Group 1 (57.6%) and the highest (4,200) in Group 6 (0.3%). The second highest
(2,300) self‐employed pension is found in Group 3 (0.9%). In Group 1 (57.6%),
the pension is 760. In Group 2 (11.9%), the self‐employed pension is 1,500.

Figure 3 also shows that the total statutory old‐age pension is clearly higher than
the self‐employed pension in all groups. The total old‐age pension is highest in
Groups 3 and 6. By any standard, EUR 4,000–6,000 is a high monthly pension
in the statutory pension scheme. In Groups 1 and 4, the pension income security
is less than EUR 1,500, which is low considering both the maturity of the
pension system and cost of living in Finland.

The trajectories have strong implications for pension income adequacy.
Trajectories and sub‐groups revealed by this analysis predict different pension
outcomes. Naturally, the pension is a sum of accruals throughout the entire

Figure 3. Statutory old‐age pension by trajectory group over study period 2012–2016,
EUR/month on average, in 2016 prices

Source: Authors, based on official data.
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working life, yet our short‐period sample predicts the pension level accurately. As
the trajectories show, the groups with low pension‐declared income (Groups 2
and 4) also contain future low pension sub‐groups, or at least large numbers of
individuals with a severe risk of a low level of old‐age income security. According
to Figure 2, the tax‐declared income from self‐employment in these groups was
persistently above the pension‐declared income.

Conclusion and discussion

In this article, we have studied the Finnish statutory pension system for
self‐employed workers, wherein self‐employed workers set their own level of
pension‐declared income (income assessment base). This freedom to choose is
set within upper and lower limits, but opens up the possibility of myopic
behaviour with regard to self‐employed workers’ relationship with their pension
system. Using trajectory modelling, we assessed how persistently and to what
extent the pension‐declared income of the self‐employed is below (or above)
their tax‐declared income.

According to our results, the self‐employed do not form a homogenous
population, but the group‐based trajectory modelling revealed six distinctive and
homogenous sub‐populations with different levels of pension‐declared income.
Two groups, with the respective sizes of 26.1 per cent and 57.6 per cent of the
sample, show significant and prolonged under‐insurance. Hence, nearly
84 per cent of self‐employed select to under‐insure themselves systematically.

The “under‐insurance” groups are more likely to be blue‐collar self‐employed
compared to those in the group “appropriately‐insured”. The under‐insurance
groups are less likely to include the highly educated, young workers or business
partners. The self‐employed in the under‐insurance groups are more likely to
have several spells working as self‐employed and long self‐employed working
lives. Group 4, with 26.1 per cent of the self‐employed, is less likely to draw
investment income from their enterprise and is more likely to have employment
contracts outside their own enterprise. This could indicate that budget
constraints, asymmetric information or simply preferences help to
promote under‐insurance. However, the analysis revealed that especially Group 1
“under‐insured” (including 57.6 per cent of the self‐employed) has very
inadequate protection against personal income risks.

Despite evidence of under‐insurance in the statutory pension scheme, the
majority of the self‐employed are not faced with the likelihood of absolute
poverty in old age. The overall livelihood of self‐employed workers is decent,
since they commonly also have spells of employment as regular employees
during their working lives. Commonly, they also have savings, life insurance or
other assets. However, under‐insurance is a serious problem, as the majority of

The under‐insurance of self‐employed workers in the Finnish pension scheme

International Social Security Review, Vol. 73, 4/2020

© 2020 The Authors. International Social Security Review published by John Wiley & Sons Ltd on behalf of International Social Security Association

45



under‐insured workers do not have adequate protection against the contingencies
of disability and the death of the spouse. Moreover, a large number of
self‐employed workers are at a severe risk of a low level of old‐age income
security. These observations call for fine‐tuned economic incentives or binding
legislation for self‐employed persons. For example, tax‐rules could be
permanently more favourable for low‐income self‐employed workers. According
to our results, it would be logical to use tax‐declared income as the income
assessment base (i.e. the pension‐declared income) for pensions and other related
social security benefits.

The analysis reveals an interesting small sub‐group of medical professionals and
pharmacists (0.3%), whose tax‐declared income and pension‐declared income are
high. From a legal perspective, their contributory behaviour is in line with the
principles of the statutory pension system. Nonetheless, this finding also
indicates the need for an upper contribution limit in the statutory pension
scheme. Policy rules, such as a contribution ceiling (upper limit), is a desired
feature to prevent some higher‐earning self‐employed persons from misusing the
statutory scheme.

Finally, we assume that the presented trajectory modelling used in this study is
potentially useful also in other social security contexts where longitudinal data
is available, and where it is important to identify latent sub‐groups following
similar paths of temporal development.

Bibliography

AAE. 2018. Summary of results of questionnaire on provision for self‐employed. Brussels,

Actuarial Association of Europe.

Angrisani, M.; Casanova, M. 2019. “What you think you know can hurt you: Under/over

confidence in financial knowledge and preparedness for retirement”, in Journal of Pension

Economics and Finance.

Benartzi, S.; Thaler, R. H. 2013. “Behavioral economics and the retirement savings crisis”,

in Science, Vol. 339, No. 6124.

Böhning, D. et al. 2007. “Advances in mixture models”, in Computational Statistics & Data

Analysis, Vol. 51, No. 11.

Chan, S.; Huff Stevens, A. 2008. “What you don’t know can’t help you: Pension knowledge

and retirement decision‐making”, in The Review of Economics and Statistics, Vol. 90,

No. 2.

Don, B. P.; Mickelson, K. D. 2014. “Relationship satisfaction trajectories across the

transition to parenthood among low‐risk parents”, in Journal of Marriage and Family,

Vol. 76, No. 3.

The under‐insurance of self‐employed workers in the Finnish pension scheme

International Social Security Review, Vol. 73, 4/2020

© 2020 The Authors. International Social Security Review published by John Wiley & Sons Ltd on behalf of International Social Security Association

46

http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://www.sciencedirect.com/journal/computational-statistics-and-data-analysis/vol/51/issue/11
https://onlinelibrary.wiley.com/doi/abs/10.1111/jomf.12111
https://onlinelibrary.wiley.com/doi/abs/10.1111/jomf.12111


EU‐SPC. 2018. The 2018 pension adequacy report: Current and future income adequacy in old

age in the EU: Vol I. Brussels, European Union, Social Protection Committee.

Fachinger, U.; Frankus, A. 2015. “Freelancers, self‐employment and the insurance against

social risks”, in A. Burke (ed.), The handbook of research on freelancing and self‐

employment. Dublin, Senate Hall Academic Publishing.

Fitzmaurice, G. M.; Laird, N. M.; Ware, J. H. 2011. Applied longitudinal analysis (2nd ed.).

Hoboken, NJ, Wiley.

Franklin, J. M. et al. 2013. “Group‐based trajectory models: A new approach to classifying

and predicting long‐term medication adherence”, in Medical Care, Vol. 51, No. 9.

Government of Finland. 2006. Yrittäjän eläkelaki [Self‐employed Persons’ Pensions Act]

(YEL 22.12.2006/1272). Helsinki, Finlex.

Jones, B.; Nagin, D. 2007. “Advances in group‐based trajectory modeling and an SAS

procedure for estimating them”, in Sociological Methods & Research, Vol. 35, No. 4.

Jones, B.; Nagin, D.; Roeder, K. 2001. “A SAS procedure based on mixture models for

estimating developmental trajectories”, in Sociological Methods & Research, Vol. 29, No. 3.

Knuuti, J.; Palomurto, M. 2015. “Työtulon ja yritystoiminnan verotettavien tulojen

suhdeammatin‐ ja liikkeenharjoittajilla”, in J. Salonen (ed.), Yrittäjien lakisääteinen

eläketurva: työurat, työtulot ja rahoitus (Eläketurvakeskuksen raportteja, No. 10/2015).

Helsinki, Finnish Centre for Pensions.

Lassila, J.; Valkonen, T. 2007. “The Finnish Pension Reform of 2005”, in The Geneva Papers

on Risk and Insurance ‐ Issues and Practice, Vol. 32.

Mani, D.; Nandkumar, A. 2016. “The differential impacts of markets for technology on the

value of technological resources: An application of group‐based trajectory models”, in

Strategic Management Journal, Vol. 37, No. 1.

Muthén, L. K.; Muthén, B. O. 2017. Mplus statistical analysis with latent variables: User’s

guide (8th ed.). Los Angeles, CA, Muthén & Muthén.

Nagin, D. 1999. “Analyzing developmental trajectories: A semiparametric, group‐based

approach”, in Psychological Methods, Vol. 4, No. 2.

Nagin, D. 2005. Group‐based modeling of development. Cambridge, MA, Harvard University

Press.

Nagin, D.; Odgers, C. 2010. “Group‐based trajectory modeling in clinical research”, in

Annual Review of Clinical Psychology, Vol. 6, No. 1.

Nest, G. van der et al. 2020. “An overview of mixture modelling for latent evolutions in

longitudinal data: Modelling approaches, fit statistics and software”, in Advances in Life

Course Research, Vol. 43, March.

Nummi, T.; Salonen, J.; O’Brien, T. E. 2017. “Statistical analysis of labor market

integration: A mixture regression approach”, in D.‐G. Chen et al. (eds), New advances

in statistics and data science (ICSA book series in statistics). New York, NY, Springer.

Nummi, T. et al. 2014. “A trajectory analysis of body mass index for Finnish children”, in

Journal of Applied Statistics, Vol. 41, No. 7.

The under‐insurance of self‐employed workers in the Finnish pension scheme

International Social Security Review, Vol. 73, 4/2020

© 2020 The Authors. International Social Security Review published by John Wiley & Sons Ltd on behalf of International Social Security Association

47

http://C:UsersbocquetDownloadsKE-01-18-457-EN-N.pdf
http://C:UsersbocquetDownloadsKE-01-18-457-EN-N.pdf
http://www.crse.co.uk/sites/default/files/The Handbook of Research on Freelancing and Self-Employment_0.pdf
http://www.crse.co.uk/sites/default/files/The Handbook of Research on Freelancing and Self-Employment_0.pdf
https://finlex.fi/fi/laki/ajantasa/2006/20061272


Nummi, T. et al. 2017. “Trajectories of a set of ten functional somatic symptoms from

adolescence to middle age”, in Archives of Public Health, Vol. 75, No. 11.

Nyce, S. 2007. “Behavioral effects of employer‐sponsored retirement plans: Evidence from

Watson Wyatt’s Retirement Attitude Survey”, in Journal of Pension Economics & Finance,

Vol. 6, No. 3.

OECD. 2017. Entrepreneurship at a glance 2017. Paris, Organisation for Economic

Co‐operation and Development.

Schulze Buschoff, K.; Protsch, P. 2008. “(A‐)typical and (in‐)secure? Social protection and

“non‐standard” forms of employment in Europe”, in International Social Security Review,

Vol. 61, No. 4.

SSA; ISSA. 2018. Social security programs throughout the world: Europe. Woodlawn, MD,

Social Security Administration.

Statistics Finland. 2017. Bankruptcies. Helsinski, Findicator.

STM. 2019. Yrittäjän työeläketurvan kehittäminen: Työryhmän raportti (Sosiaali ja

terveysministeriön raportteja ja muistioita, No. 2019:23). Helsinki, Sosiaali‐ ja

terveysministeriö.

Thaler, R. H.; Benartzi, S. 2004. “Save More Tomorrow™: Using behavioral economics to

increase employee saving”, in Journal of Political Economy, Vol. 112, Suppl. February.

Whitehouse, E. et al. 2009. “Two decades of pension reform: What has been achieved and

what remains to be done?”, in The Geneva Papers on Risk and Insurance ‐ Issues and

Practice, Vol. 34, No. 4.

Williams, D. 1999. “The self‐employed: Providing for the self‐providers”, in International

Social Security Review, Vol. 52, No. 1.

The under‐insurance of self‐employed workers in the Finnish pension scheme

International Social Security Review, Vol. 73, 4/2020

© 2020 The Authors. International Social Security Review published by John Wiley & Sons Ltd on behalf of International Social Security Association

48

https://www.oecd-ilibrary.org/employment/entrepreneurship-at-a-glance-2017_entrepreneur_aag-2017-en
https://onlinelibrary.wiley.com/doi/full/10.1111/j.1468-246X.2008.00323.x
https://onlinelibrary.wiley.com/doi/full/10.1111/j.1468-246X.2008.00323.x
https://www.ssa.gov/policy/docs/progdesc/ssptw/2018-2019/europe/index.html
https://findikaattori.fi/en/24
http://julkaisut.valtioneuvosto.fi/bitstream/handle/10024/161444/R_23_19_Yrittajan_tyoelake.pdf?sequence=1&isAllowed=y
https://www.journals.uchicago.edu/doi/full/10.1086/380085
https://www.journals.uchicago.edu/doi/full/10.1086/380085
https://www.journals.uchicago.edu/doi/full/10.1086/380085
https://onlinelibrary.wiley.com/doi/pdf/10.1111/1468-246X.00031


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends false
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage false
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /PDFX1a:2001
  ]
  /PDFX1aCheck true
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (Euroscale Coated v2)
  /PDFXOutputConditionIdentifier (FOGRA1)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <>
    /CHT <>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF che devono essere conformi o verificati in base a PDF/X-1a:2001, uno standard ISO per lo scambio di contenuto grafico. Per ulteriori informazioni sulla creazione di documenti PDF compatibili con PDF/X-1a, consultare la Guida dell'utente di Acrobat. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 4.0 e versioni successive.)
    /JPN <>
    /KOR <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die moeten worden gecontroleerd of moeten voldoen aan PDF/X-1a:2001, een ISO-standaard voor het uitwisselen van grafische gegevens. Raadpleeg de gebruikershandleiding van Acrobat voor meer informatie over het maken van PDF-documenten die compatibel zijn met PDF/X-1a. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 4.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENG (Modified PDFX1a settings for Blackwell publications)
    /ENU (Use these settings to create Adobe PDF documents that are to be checked or must conform to PDF/X-1a:2001, an ISO standard for graphic content exchange.  For more information on creating PDF/X-1a compliant PDF documents, please refer to the Acrobat User Guide.  Created PDF documents can be opened with Acrobat and Adobe Reader 4.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /HighResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


