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Abstract 

 
Persons' passage to and from labor force varies by age, gender, education, occupation, etc. 
The concept of working life expectancy summarises the future employment time of a person 
from a given age to the end of his or her working life career (Nurminen, Finnish Institute of 
Occupational Health, 2008). This demographic-statistical research is concerned with the 
estimation of the duration of time that an individual living at that age is expected to occupy 
the various states of employment and activity and the times to transition between the states. 
Transitions were followed from the initial status into four comprehensive and mutually 
exclusive states, viz., 1, employed in the initial occupational class under investigation, 2, 
employed in a different occupation to the first one at focus, 3, other alive status, that is, either 
unemployed or out of the labor force (e.g., students, conscripts, unemployment pensioners, 
disability pensioners, old age pensioners, other economically inactive persons), and, 4, dead.  
   Data from the Finnish Longitudinal Census Data File covering the years 1995, 2000, 2004, 
and 2005 were compiled by Statistics Finland. The entry study population comprised all people 
resident  in Finland at the time of the 1995 census. For each gender and occupational class, a 
record linkage at an individual level (using personal identification code) for ages 15-64 years 
provided information for the national cohort of 3.4 million people subject to undergo transition. 
A multistate, multivariate logistic model was assumed for the population transition frequencies. 
The aggregated data were analyzed using the weighted least squares, large-sample modeling 
regression technique for a nonhomogeneous time (age and year) Markov chain stochastic 
process developed by Brett Davis (The Australian National University, 2003). The analysis of 
the  vector discret time series produced original estimates of the occupation and transition 
times.  
   In this model(ing) paper, the results are reported for the occupational class of physical, 
mathematical and engineering science professionals, with a superficial comparison to life 
science and health professionals, and teaching professionals. A major finding is that Finnish 
professionals' propensity for occupational mobility has been increasing drastically from year 
1995 to 2005, and it is predicted to increase further towards the year 2010 and beyond, and 
may do so at an accelerated rate. This pattern is informatively and compactly summarized, e.g, 
in terms of the expected future duration of occupancy in the initial profession registerd at the 
1995 census before transition to another one recorded at any of the later census times.  
   Increased occupational mobility may have contributed to the extended duration of working 
life and thereby increased the size of the active labor force.  
 
Key terms: occupational mobility, employment transitions, labor force statistics, population 
censuses, register-based research, longitudinal time series, multistate regression modeling. 
 
*Product of the 'Working-life Expectancy' project of the Finnish Institute of Occupational 
Health, the Australian Institute of Welfare and Health, and MarkStat Consultancy. 
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Introduction   
 
The global development of working life has brought about fundamental changes but also involved 
problems (Stiglitz, 2006). In Finland, as in several well-developed countries, the size of the future 
workforce presumably will be insufficient to sustain stable economic growth and, in particular, to 
adequately support the escalating numbers of retirees produced by population aging (Ministry of 
Finance, 2007). As the working population shrinks, economic trends, particularly in periods of 
downturn or recession, will have to rely on improved productivity. However, the general 
government financing faces risks that will probably be set off by problems in matching the demand 
and supply of labor. The experience of occupational and job mobility gained from the Current 
Population Survey in the US is worth citing (Moscarini and Thomsson, 2007, p. 834),  
 

"On the labour demand side, a reduction in the number of viable careers and the 
resulting concentration of the labor force into the service sector and more skilled 
occupations mechanistically lead to lower flow. On the labor supply side, and increase in 
perceived uncertainty might make individuals more defensive in their career-shopping 
behaviour, leading to a decrease in mobility."  

 
This outlook may turn out to be a realistic view for Finland as well.  
 
Occupational mobility is a wide-spread phenomenon, usually generated by the workers’ permanent 
search for a better match with their education, abilities, and interests. It is often the case that 
when changing a job people, particularly in a transitional economic environment, change 
occupations as well, in spite of a previous good occupational match or a well-established career 
path. Broadly defined the concept of mobility is closely linked to the notion of 'opportunity', 
inherent with the ideas and identity of the free societies (Moscarini and Thomsson, 2007). The 
perception of occupational mobility is included in the wider context of social mobility. In 
macroeconomic cycles, reallocation of resources has been traditionally dealt with as the mode of 
business fluctuations and industrial growth. Since human capital is to a large extent occupation-
specific, it can be at risk on a transition (Kambourov and Manovskii, 2008). At a time of the current 
global recession, this issue is likely to confront also Finland.   
 
This view requires giving priority to the flexibility of labor force, which presupposes readiness for 
occupational mobility1, both job change or career transition and regional movement or geographical 
migration. A lack of this prerequisite could entail a situation of substantial labor force shortage. 
Growing labor flexibility, for example in terms of increased use of fixed-term employment 
relationships (Nurminen, 2008 a), is likely to lead to a higher degree of job mobility, but not 
necessarily to greater mobility in terms of a change of occupational category. 
A change of occupation for an employee obligatorily entails a different working environment, while 
this does not necessarily obtain for different employers and different industrial sectors. For 
example, a statistician may carry out the same tasks for many employers in diverse fields. 
 
Occupational mobility has emerged as an important societal issue in Europe (Eurofound, 2007) 
along with the changes in the structures of labor market and population profile. Changing one's 
vocation is a rapidly growing phenomenon in Finland, and the pace is believed to be accelerating 
according to the research carried out by Statistics Finland (HS, 2007). Over 40 per cent of 
employed persons aged 30 years and older changed their occupation in 2000-2005. For many the 
reason for the transition to another profession was dictated by a necessity, for others the move 
was a career development, for some an ostensible 'promotion' without a real change of work 
content, and yet for others it may have been a desire for variation, leading to a voluntary move to 
an alternative job environment. When economic conditions are favorable, individuals may have 
more opportunities to change their occupational status or jobs to earn more income, do the kind of 
                                                   
1 Occupational mobility refers to the movement of an occupational group itself, or of an individual member of an occupation, 
or of an occupational vacancy, through the stratification system of social space or network. Studies of the Hindu caste 
system illustrate the first; father-son occupational achievement the second; and sociologist Harrison White's study of clergy 
vacancy-chains the third. Most studies assume a unidimensional scaling or gradation of occupations in terms of their 
prestige or status against which movement is then assessed. Thus, 'ownward' mobility refers to loss, and 'upward' mobility 
to increase in occupational prestige. (From: A Dictionary of Sociology by Gordon Marshall. Oxford University Press, 1998.)  
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work they prefer, or reduce their commuting time. Conversely, when economic conditions are 
facing a deep downturn or a recession, forecasted for Finland in 2009-2010, fewer opportunities 
with such flexible and desirable characteristics may be available.  
 
In Finland, there are severe problems with labor availability in many branches even though the 
supply of labor is has grown rapidly, particularly in the age groups approaching retirement and 
among those under 25. In 2008, the employment rate was forecast to edge up to 70.6 per cent, 
and the unemployment rate to ease down to 6.2 per cent (Ministry of Finance, 2008). With 
increasingly many baby boomers retiring starting from 2009 , labor supply will grow less. Labor 
flows have been largely balanced owing to the economically inactive entering the labor market but 
also due to the added work-related immigration.  
 
Occupational mobility in the Finnish employed population has been increasing. In the time period 
1995-2000 the number of persons who changed occupation was 517,404 (35.5%), whereas in the 
following quinquennial period it was 751,206 (41.7%). (Source: Statistics Finland (HS, 2007)). In 
spite of this development occupational mobility and stability have not been studied much in recent 
years in Finland. We comment on a contemporary study by Aho et al. (2009) in the Discussion. 
 
A recent study of the Finnish Institute of Occupational Health (FIOH, Ilmarinen and Hussi, 2008) 
found that quantitatively significant transitions into labor force and out of it were concentrated on 
the unemployed, the students and the old-age pensioners. It was estimated that the input of 
youngsters (15-24 yrs) to employment increased by 4.8% and that of the aging persons (55-64 
yrs) by 6.5%. The recommendation was that actions to improve the total employment should be 
focused on the 30-50 year-olds and on men under 30 years of age. However, the macroeconomic 
model applied in the forecast for 2007-2011 assumed a total economic change of 2.5 per cent. This 
figure is untenable in view of the unprecedentedly rapid change of the global economic outlook for 
2009, which affects also Finland. The Bank of Finland's forecast is that the gross domestic product 
will shrink by 0.5 per cent in 2009 (HS 18.12.2008). As a consequence of the upcoming recession 
unemployment is likely to increase by 1.5 %-units from the end of December 2008 by the fall 
2009, and the number of the employed will decrease by the same amount.     
 
Persons' passage to and from labor force varies by age, gender, educational level, occupational 
class, etc. The earliest record-linkage studies were conducted by Statistics Finland. Transitions 
between population groups were estimated for 1970/1975 by means of the observed frequencies 
(Kolari, 1983). While this line of research provided useful statistical information, the longitudinal 
file used and the data-processing methods applied necessarily suffered from certain limitations 
concerning the classification uniformity and the demographic reliability. Moreover, this elementary 
approach does not permit the multivariate estimation of transition probabilities in a age-year 
(Lexis) plane conditional on the initial occupation and the analysis of other socioeconomic factors. 
 
An extension study of Statistics Finland was based on the information obtained by the population 
censuses 1975, 1980, and 1985 linked by the personal identification number (Kolari, 1989). 
Analyses were carried out by age group, gender, and occupational class. Originally, the objective 
was to construct a combined file that would allow the analysis of follow-up data covering a longer 
period. To attain this goal proved to be a more challenging task than expected, even though the 
information required for three sequential comparisons (1970/1975, 1975/1980, 1980/1985) were 
basically available. Cohort specific estimation of occupational (in)stability was not the original task 
of the previous Finnish study. The main objective was to produce 'flow' statistics of transitions 
between states among occupational groups, comprehensive calculations made in relation to loosing 
and receiving groups. However, the comparative analyses for 1975/1980 and 1980/1985 made it 
possible to estimate the movements for the cohort follow-ups by means of quantities which 
correspond to the classical life table survival probabilities. 
 
The concept of occupational stability is rather unambiguous, whereas occupational mobility can be 
defined in several ways. In a very restricted sense mobility means a specific transition from a given 
occupation to another. Mobility defined in the most extensive manner equals the total outflow from 
the considered occupation, including movement outside the labor force. Yet a third possibility is to 
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define mobility from the concerned occupation to any occupation different to the one from which 
the person left, and to chart all the specific routes of outward transit.  
 
The development of the occupational mobility in Finland decreased distinctly from the first 5-year 
period 1975/1980 to the second one 1980/1985. By contrast, the stability increased which was 
explained by the increased willingness or necessity to move away from the labor force. The profiles 
of the stability distributions were characterized by initially increasing trends along with the age for 
the younger cohorts, while maintaining its level for the cohorts with advancing ages, and 
decreasing for the oldest cohorts. The effects of economic factors such as business cycles or 
employment rates of occupational mobility (and stability) were not analyzed in the reviewed study 
(Kolari, 1989). 
 

In the related Statistics Finland (1994) study the domain was the educated population. A finding on 
occupational stability was that of those persons i) who were gainfully employed in 1980 and 1990, 
and ii) whose education had not changed during the considered decade, 56 per cent were in the 
same occupation ten years later. Another finding on occupational mobility between 1980/1990 was 
that among persons with a higher education the occupational mobility had slightly increased in the 
1980s, being at 33 percent. Other research data have been rather restricted (Kettunen, 1992, 
Eriksson and Jäntti, 1994, Jolkkonen and Kilpeläinen, 2002). More frequently the viewpoint of 
regional movement (Myrskylä, 2006) and industrial movement (Virjo and Aho, 2007) of workers in 
Finland has been in the forefront. In recent years, the industrial mobility of persons with highest 
education in Finland was on a more elevated level than among others (Virjo et al., 2007).  
 
In the United States, Moscarini and Vella (2002) constructed a discrete time economic (search-
frictional) model for a synthetic panel comprising birth cohorts. A general result was that 
occcupation mobility declines with age, family commitments and education. All these effects are 
strong, both statistically and economically. A new finding was that when unemployment is high 
these negative effects are weaker, and reversed for higher (college) education. This is because in 
economic recessions job search frictions (which make it costly and time consuming to find a new 
job) affect more and individual comparative advantages (e.g. occupation-specific skills) become 
less relevant in a worker’s occupational choice.  
 
The reason for the exiguity of scientific information on occupational mobility lies most probably in 
that the study of mobility requires of sufficiently large samples and longitudinal follow-up designs. 
The collection of quantitative data for the particular research objective is expensive, and the 
exploitation of existing data sources (e.g. official statistics and administrative records) for ad hoc 
research purposes is subject to methodologic pitfalls (Alho, 1999, Statistics Finland, 2004). The 
classification of occupations in the Longitudinal Census Data File 1995-2005 has undergone certain 
coding changes applied in 2005. These changes mean that, for some occupations at three-digit 
level, a comparative study of occupational mobility between the years 2004 and 2005 using the 
Census data base would have to be carried out cautiously. The premise is that the numerical code 
assigned to an occupation changes if and only if the true underlying occupation changes. Our aim 
was to estimate transition rates but not the net numbers of employed persons moving across 
different occupations or activity groups; see Fig. 1. 
 
Occupational mobility can be investigated empirically by means of three basic approaches. First of 
all, one can exploit information contained in registers, as was done, for instance, in the study of 
labor force transition by industrial classification by Virjo et al. (2007). Provided that the registering 
of occupational classification data were complete and comprehensive (excluding only the non-
resident population), this would probably be the best method of investigation.  
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The other two approaches are the analysis of panel data formed from sequential surveys and 
retrospective interviews on work histories. The panel design2 is often regarded as producing 
overestimates of occupational mobility, whereas the problem of the retrospective design tends  to 
be an underestimation of mobility (Solga, 2001). The longitudinal data are obtained from the 
surveillance of the same sample in each cycle of an on-going survey. In practice, to preserve data 
quality it is necessary to control respondent burden using sample rotation. This is usually achieved 
using a mechanism known as rotation group sampling. Particular forms of rotation panel group 
sampling have been applied, for example, by Davis (2003), who used the Australian Bureau of 
Statistics in their Monthly Labour Force Survey from which official estimates of labour force participation 
rates are produced, and in a corresponding study by Aho et al. (2009) that utilized data from the 
Finnish Monthly Labour Force Surveys. Weaknesses of the latter study were the relatively small 
study size (given the large number of occupational classes esp. at 3-digit level) and the short 
temporal dimension (with estimates connected at cross-sectional points in time).  
 
Occupational longitudinal data obtained from multiple cross-sectional surveys or population 
censuses produced by official agencies are often available only for irregularly-spaced years. We 
were able to overcome this data-analytic problem by means of the novel statistical methodology for 
modelling and estimation transition probabilities using the Statistics Finland’s Longitudinal Census 
Data File for 1995, 2000, 2004 and 2005 (Davis et al., 2007). Our approach, which invoved 
stochastic interpolation of aggregate longitudinal data in a regression weighted least squares loss 
function, is an alternative to the traditional route followed by demographers and social scientists of 
worklife analysis (e.g. Richards and Abele, 1999, Hytti and Nio, 2004).  
 
The modern concept of working life expectancy (WLE) summarises the employment activity of a 
population from a given age to the end of the working life career based on a probability model 
(Nurminen, 2008 b). The present demographic-sociologic research is concerned with the estimation 
of the duration of time that an individual living at that age is expected to occupy the various states 
of employment and health and the times to transition between the states. Transitions to and from 
the initial occupational class or activity status were followed, that is, stayed in or moved away 
from: i) the index class (i.e. the occupation at focus); ii) a class different to the index one 
(including persons with missing occupation code); iii) the 'other alive state', that is, either 
unemployed or outside the labor force (e.g., students, conscripts, unemployment pensioners, 
disability pensioners, and other economically inactive persons); or iv) deceased. In this model(ing) 
paper, the results are reported for the occupational class of physical, mathematical and engineering 
science professionals. Subsequent papers will report on basic estimates for all the 27 occupational 
classes (at two-digit code level) collectively, and, in more detail, for selected other classes.  
                                                   
2 A panel of observations consists of superimposed samples drawn from the population with the samples 
subject to replacement after a given period of time. By a panel is meant the totality of individuals under 
observation at a given time. Thus both the composition and size of the panel are subject to change as 
constituent samples, or sub-samples are replaced. However substantial continuity from observation point to 
next is envisaged. For an application to the monthy Labour Force Surveys carried out by the Australian Bureau 
of Statistics, see Davis (2003). 
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Transitions between Population Groups in the Finnish Labor Force 
 
 

 
 

 
Figure 1.  Transitions between different population employment activity groups in the Finnish labor 
force from 2004 to 2005. Source: Statistics Finland, Population Statistics. Riitta Harala: The 
Development and Use of Registers in Finland. London: Royal Statistical Society. Statistics User 
Annual Forum, 16 November 2006.  
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Data and Methods  
 
Finnish Longitudinal Census Data File 
 
Register data from the Finnish Longitudinal Census Data File covering the years 1995-2005 were 
compiled by Statistics Finland for use in this research. The censuses provided demographic data, in 
particular, on employment and occupation. For each gender and occupational class, a record 
linkage at an individual level (using personal identity codes) provided employment transition 
information (flow statistics) for the cohort3 follow-up (Appendix 2). The database was used for the 
analysis of changes in occupational and employment status.  
 
The study cohort comprised all people of any nationality, aged 15 to 64 years, that is, the survivors 
of the birth year cohorts 1931-1980, and  who were permanently resident in Finland at the time of  
the Population Census in the year 1995.4 The census of the year 1995 was the second one to have 
been taken by utilizing entirely register data. The three register-based censuses after it were taken 
at the end of 2000, 2004 and 2005. Persons not enrolled in the first census of 1995 were excluded 
from the study population. The results of the 2000 population census can reliably be compared 
with the data for 1995. A unification of the coding was applied in the 2005 census. The key to the 
new coding cannot be applied retrospectively to year 2004. Therefore, a comparison of 
occupational mobility between 2004 and 2005 for some professions has to be treated with caution. 
Because of this change in the Statistics Finland’s classification there is a danger of a systematic 
error which can reflect as an exaggerated trend in the adopted model.   
 
Identity codes were used to link information, at person level, across successive census databases.  
Consequently, we are able to observe an individual’s transitions in both employment status and 
occupation. The measurement of labor market transitions is in general a very difficult task, because 
of the great number of events required in order to avoid severe time aggregation. This is a 
particular concern in the case of occupations, which, unlike the employment states (of being 
(un)employed, retired, or outside labor force) number in hundreds or even thousands depending 
on the degree of disaggregation. Thus, the first consideration is the degree of disaggregation of 
occupations. In contrast to the ten one-digit occupational groups commonly considered in the 
literature there are 27 two-digit occupations, and 108 three-digit groups (Appendix 1). Important 
transitions at the three-digit level, can be missed at the one-digit level. For example, the clearly 
distinct categories of (code 212) Mathematicians and statisticians (like the authors) are all included 
in the same two-digit group (code 21) Physical, mathematical and engineering science 
professionals. A finer degree of disaggregation of occupations, at the three-digit level could more 
easily disclose the important moves. This degree is what most people think of as an 'occupation', 
and it appears more closely to correspond to a 'career'. However, because of the large number of 
occupations at this degree, we compromised to choose the two-digit level. Most frquently 
occupational mobility appears to be such a big change that overwhelmingly it is also seen at two-
digit level.  
 
In this model(ing) paper, the results are reported for the occupational class of Physical, 
mathematical and engineering science professionals. To gain some comparative information, three 
classes were chosen as referent groups, viz: Life science and health professionals (code 22), 
Teaching professionals (code 23), and Other professionals (incl. Business, Legal, Social science, 
and Public service administration professionals).  
  
Employment Status and Occupational Classification 

Finland's national Classification of Occupations 2001 (Statistics Finland 2001) is based down to 
the four-digit level on the EU's classification of occupations ISCO-88(COM), which is a European 
                                                   
3 A closed population; that is, a population whose membership is defined herein on the basis of being included 
in the 1995 Census, and which is fixed thereafter in the Longitudinal Census File. 
 
4 The population for the statistics describing population structure and employment comprises all people 
who are permanently resident in the country, i.e. those people who according to the Population Information 
System of the Population Register Centre were domiciled in Finland on 31 Dec 1995.  
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version of the International Classification of Occupations ISCO-88 of the International Labour 
Organisation (ILO). The classification of occupations has ten major groups (see Appendix 1). 
Major groups 2 to 9 are formed on the basis of skill level. Inside them occupations are further 
classified in accordance with skill specialization. All occupations in major groups 4 to 8 
belong to the same skill level. Skill level is not defined for major groups 1 (Legislators, 
senior officials and managers) and 0 (Armed forces). Occupations requiring a so-called 
higher university degree (Masters, Licentiate or Doctorate) belong to skill level 4, and 
consequently, these occupations are included in major group 2, 'Professionals'. According to the 
survey results (Eurofound, 2007), the size of the professional class increased for the latest 
employment entry cohorts in most of the EU countries. Although the classification of occupations 
is based on educational level, it should be borne in mind that a corresponding skill level can also 
be acquired through work experience. The classification of occupations can also be used as 
a means for classifying the population by socio-economic group. 

Information on employment status and occupation are collected from many different registers 
(Myrskylä, 2000). For employment statistics, there are two major points to note concerning the 
classification of occupations. First, the classification is based on main type of activity reported for 
the last week of the calendar survey year. Secondly, the employed persons and those actively 
seeking employment were classified to specific occupations.  
 
Occupational title data are gathered from diverse register sources coded using an occupational 
dictionary. The sources for occupational data in the register-based censuses have been obtained for 
persons employed by central government, local government, the state church, and the Social 
Insurance Institution. As additional sources include employer organisations' data on the 
occupations of persons employed by organized enterprises, occupational data collected via tax 
returns (since 1995 replaced by an occupational survey among unorganized enterprises), 
Population Register System's data on the occupations of persons who have moved, and 
occupational data on unemployed persons in the Register of Job Seekers. Census data provides 
almost complete information on the occupation of individuals.  More specifically, occupation is 
available for 99.18% of the 3,412,639 persons enumerated in 1995. 
 
The data analysed in this research comprised the following subgroups: persons belonging to the 
labor force, that is, employed, self-employed, unemployed; people outside the labor force (under 
15-year-olds, students, conscripts, unemployment pensioners, pensioners, persons on disability or 
old-age pension, other pensioners, and other economically inactive persons); and  deceased. The 
coverage of Finnish register-based data on employment is complete for practical purposes. 
Deducing that a person belongs to a certain working life activity category has grown increasingly 
difficult because a growing proportion of people are involved in several vocational activities at the 
same time. For example, a large number of students are gainfully employed while studying, some 
unemployed persons are allowed to be gainfully employed, and many people have simultaneous 
jobs, of which the principal one has to be determined. Fixed-term employment relationships within 
a year can consist of several consecutive or separate contract periods, some project works can 
even occur concurrently. Due to circumstances such as these, defining a person’s main 
occupational activity (on December 31 of a census year) is problematic. According to the 
Employment Pensions Act enacted in 1998 all short-term employees are covered by the 
employment pension insurance. Consequently, occupational information about them is available in 
the population employment statistics (Myrskylä, 2000).     
 
There are certain concerns about sufficiency of the occupational classification system. In today’s 
incoherent labour markets, one may question: How accurate is information about individual 
mobility from a category to another? Is the classification system specific enough to detect the 
changes in working life? It is beyond the focus and scope of this study to provide a comprehensive 
answer to these general methodological issues. 
 
In addition, there has been a change in the classification between the years 2004 and 2005, which 
was not incorporated in the model. Changes in the occupational classifications hamper the 
comparison of occupational mobility for certain professions such as self-employed persons. Before 
2005, entrepreneurs were classified categorically as employees, since there was no guarantee of 
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information on whether or not an entrepreneur was an employer with paid employees. A unification 
of the coding, applied in the 2005 census, defines an entrepreneur to be a director if their 
enterprise employs at least five persons. The key to the new coding cannot be applied 
(retrospectively) to year 2004. Therefore, a comparison of occupational mobility involving that of 
entrepreneur, between 2004 and 2005, has to be treated with caution because it can yield a biased 
interpretation of the real situation. That is, an observed change in occupation can result solely from 
the change in coding procedure. However, in the present study, this difficulty is mitigated to a 
large extent by the fact that, due to insufficient information, it is often not possible to code 
occupation to the most detailed (five digit) level.  
 
  
Age, Period, and Cohort Analysis 

 
The data are analyzed in terms of age, calendar year (period), and birth cohort (Appendix 2). Age-
Period-Cohort (APC) models have long been applied in studies of human populations (Wilmoth, 
2005). The identification problem created by the linear dependency of age, period and cohort (C + 
A = P) presents a major methodological challenge to the APC analysis. This  problem has been 
widely addressed in demography, epidemiology, and statistics. Increasingly, datasets in the form of 
series of repeated cross-sectional censuses or sample surveys have been available to those 
researchers interested in the social repercussions of population change (e.g. Yang et al., 2006). 
Standard regression models do not take into account the possibility that individuals clustered in the 
same survey year or cohort group may be similar in their determinant variables because random 
errors unique to each census year or birth cohort are common to every respondent. 
 
The census data were originally individually-linked, and then aggregated for a stochastic analysis of 
the working life tables. The data analyzed were the observed frequencies of transitions between the 
employment activity and other vital states during the periods from 1995 to 2000, from 2000 to 
2004, and from 2004 to 2005 (Fig. 1). 
 
 

 
Figure 2. Lexis diagram visualising the demographic lifelines for the members of the five birth 
cohorts of 1940, 1950, 1960, 1970 and 1980. The points indicate the calendar year (period) and 
age co-ordinates for which data were available. The temporal occurrence of census events follow 
the relationship: Cohort + Age = Period.  
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These frequencies were available for the 50 male and female birth cohorts aged 15 to 64 in 1995. 
However, complete data for all four census years were only available for 40 of these cohorts aged 
25 to 54 years in 1995. In this paper, the demographic trajectories of the 40 birth cohorts are 
exemplified by the analysis of seven cohorts born in 1975, 1970, 1965, 1960, 1955, 1950, and 
1945; the members of these birth cohorts were 30, 35, 40, 45, 50, 55, 60 years, in 2005 (Fig. 2). 
 
Multistate Modeling Approach  
 
The multistate modeling approach was applied in this study (Andersen and Keiding, 2002; 
Andersen and Pohar Perme, 2008). This is a survey method for the analysis of multiple events per 
person. These are either mutually exclusive or can occur sequentally. For general multistate 
models, regression models for the transition probabilities are used for stochastic analysis and 
inference. The statistical procedure was first to compute modeled transition probabilities, between 
the defined states (see below), for a time increment of one year, and thereby to derive the 
respective cohort WLEs. Formally, we assumed: 1, the transitions between employment states, of 
any two individuals, are mutually stochastically independent; 2, for all individuals, transitions 
between the states are governed by the same  discrete time stochastic process; 3, the 
representative census data yields consistent estimates of the year and age specific population 
transition frequencies; 4, for large initial population size, these estimated transition frequencies are 
asymptotically normally distributed. These assumptions, which underpin our weighted least squares 
regression methodology, appear quite plausible for the large data collections carried out by official 
statistical agencies. If the covariance matrix of the asymptotic normal distribution is unknown, or 
cannot be conveniently estimated, then the covariance matrix used in our least squares method, 
nevertheless, is that which would have been obtained from simple random sampling. This leads to 
consistent, but not necessarily fully efficient, estimators. In the approach, standard errors can be 
calculated using the procedure of Liang and Zeger (1986). There are formulae for standard error-
based confidence intervals (Appendix 3), which could be used to provide information about the 
amount of uncertainty related to the estimates, especially regarding the predicted values. However, 
no results are given in this report but these will be more pertinent in the subsequent more detailed 
papers.   
 
The theory of non-homogeneous Markov models for continuous time series is straightforward. 
However, there is a complication created by irregular and widely spaced discrete time periods, 
between the census years, which was solved by the developed stochastic interpolation technique 
consisting of two steps. First, spline interpolation of these inter-census transition frequencies was 
employed to obtain (approximate) transition frequencies corresponding to a single year time 
increment. Then the linear weighted least squares loss function, based on these pseudo data, is 
minimized. Secondly, the non-linear loss function, based on the observed frequencies, is minimised 
using the Newton-Raphson algorithm in which the initial values are the parameter estimates 
obtained in the first step. The loss functions are derived using the fact that different birth cohorts 
are stochastically independent and taking account of the fact that the underlying stochastic process 
is not temporally homogeneous. Details of this technique are given in (Davis, 2003). 
 
We consider a longitudinal system with the following four states: 1, employed in the particular 
(index) occupational class under study, 2, employed in a different ('second') occupation to the one 
at focus (including persons with missing occupation code), 3, other alive status, that is, either 
unemployed or outside the labor force, and 4, dead. At the onset of the follow-up, in 1995, we 
noted the initial state of each member of all cohorts; at this time all individuals were in state 1, 
state 2 or state 3. For example, the size of the 1945 birth cohort for occupational class 21 was 
78071, and the size of the total study population (all 27 occupational classes combined) was 
3,412,639 (at 31 December 1995, the total Finnish population size equalled 5,116,826). We note 
each individual’s initial state and observe their transitions from state i = 1,2,3 to state j = 1,2,3,4 
(i→j, mobility i ≠ j, stability i = j). Transition frequencies between the states during inter-census 
periods are the data on which our inference is based. The specific transitions 3→1 and 3→2 are 
possible. This is because, for instance, the inflows to the occupational class of  'Physical, 
mathematical and engineering science professionals' (code 21) in the subsequent censuses of 
2000, 2004 and 2005 were 41,366, 40,466 and 18,953, respectively. These numbers derive largely 
from the students' contingent due to their belated entry age (averaging 21 years) to universities, 
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their prolonged time spent studying, and thereby a relatively high age at graduation (averaging 28 
years); a high figure compared to the corresponding statistic in other EU countries (Piekka, 2008). 
On the other hand, the statistics of the Finnish Centre for Pensions show that of those persons 
(either disabled workers or work disability pensioners), who enter a period of vocational 
rehabilitation within the earnings-related pension scheme, a total of about 60% return to 
employment (Saarnio, 2008).  
 
The aggregated frequency data were analysed using a multivariate (vector), large-sample 
regression methodology for a stochastic process developed by Davis et al. (2002), with theoretical 
details given in Davis (2003). An earlier application to Finnish data in the occupational health field 
is Nurminen et al. (2004). Assuming that the underlying process is Markov the derived central limit 
theorem enables weighted least squares estimation of the one-step transition probabilities 
governing movements to and from occupational classes between the censuses. A multistate logistic 
model was assumed for the (observed) population transition frequencies between the occupational 
categories. For the transient states 1, 2 and 3, separate logistic models for transitions between the 
states were formulated and estimated simultaneously, using the multivariate regression technique 
mentioned above. These models were all of the same functional form consisting of a quadratic in 
age, linear in year and included an age by year product term. This latter term was entered in order 
to capture the interaction of age and year, that is, the different behaviour of birth cohorts. The 
multistate model included 15 parameters per initial status, that is, altogether 3×15 = 45 
parameters were estimated simultaneously. Alternative model formulations (e.g. transition being 
dependent of occupational class) were not considered in this study; certainly, in the subsequent, 
specific studies more elaborate model specifications will be undertaken. For instance, it can useful 
to include an indicator variates in the models to evalutate the impact of labour policy measures 
expected to be introduced and put into effect in 2010 and further. 
 
Estimates of these regression model parameters were calculated in R (2009) using the method 
outlined in Appendix 3. The present model parameter estimates are given in Table 1. 
 

For an individual initially in occupational state i at initial age x in year t (both age and year fixed), 
the expected future occupation time in state j is the area under pij((x,t),(y,t+y-x)) as later age y 
varies between x and the maximum working age w, here assumed to be up to 65. (According to 
the Finnish pension reform that entered into effect in 2005 the statutory effective old-age 
retirement age in the earnings-related pension scheme is flexible and can vary from 63 to 68.) The 
results discussed always have the initial year fixed at 1995 (the year of the first census). A 
standard approximation to this area is (cf. Chiang, 1968, Section 10.5 2) as follows: 
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 This sum is taken as the conditional working life expectancy of occupational state j given initial 

profession i at age x in year t. Replacing pij((x,t),(y,t+y-x)) with its estimate pij( β̂ ; (x,t), (y,t+y-

x)), where β̂  is the estimated vector of regression parameters, gives an estimate êij(x,t) of the 
professional occupation time. Note that this parametrization involves both age and year of 
transition as explanatory variates. That is, the assumed Markov model is nonhomogeneous with 
respect to both explanatory variates x and t, and it can be depicted as a two-dimensional 
probability surface (that is, a three-dimensional plot).   
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The WLE methodology gives an expectancy measure eij(x,t) which describes the expected 
(average) future period of labor force participation after attaining the age x, assuming the 
mortality and activity rates for the current year t prevail into the future. Using the formula for 
eij(x,t) stated above, for a worker initially aged x years, the expectancies over all four states sum 
to (65 – x) years. For example, for a person initially aged 64 years, the expectancies are the 
expected times during the following year until age 65 sum up to 1. 
 
The analysis of the longitudinal vector time series produced estimates of the transition 
probabilities, for a single year time period, which enabled comparisons between the particular 
occupational classes; separate comparisons were carried out for males and females. Futher, future 
occupation times (WLEs) were also estimated; these are useful summary statistics for making 
inferences concerning differences 'in labor market experience' for professional sub-populations of 
the Finnish labor force. Of course, in many applications the probability estimates are of interest in 
their own right.  
 
Appendix 3 gives some basic results of the statistical theory. The parameter estimates and their 
standard errors were computed mainly using the program R (Development Core Team, 2009) or in 
some instances with S-PLUS  (Venables and Ripley, 2002). 
 

Table 1. Parameter estimates for the one-step log partial odds, Θij((y,t),((y+1,t+1)), i≠j, with y = 
age, t = year, of the multistate logistic regression model, separately for men and women.5 
 

Men 
 

Women 

Θ12 = 0.175 - 2.201y - 0.00675y2 + 0.000114t 
- 0.00147yt 
 

Θ12 = - 2.315 - 0.0139y + 0.000779y2 + 
0.181t - 0.00350yt 

Θ13 = 0.0894 - 4.581y + 0.000443y2 + 
0.00670t - 0.00229yt 
 

Θ13 = - 4.0353 - 0.0291y + 0.00578y2 + 
0.124t - 0.000361yt 

Θ14 = - 7.087 + 0.0852y -0.000219y
2 + 

0.00869t - 0.000118yt 
 

Θ14 = - 6.948 + 0.0464y + 0.00271y
2 + 

0.0264t - 0.00534yt 

Θ21 = - 4.988 - 0.0435y + 0.00111y
2 + 0.218t 

+ 0.00135yt 
 

Θ21= - 6.238 - 0.0669y -0.000161y
2 + 

0.218t + 0.00338yt 

Θ23 = - 3.867 + 0.00879y + 0.00530y2 + 
0.10142t - 0.00478yt 
 

Θ23 = - 3.645 - 0.0228y + 0.00647y2 + 
0.0824t - 0.00369yt 

Θ24 = - 6.640 + 0.0716y - 0.000223y2 -
0.0139t + 0.00195yt 
 

Θ24= - 7.473 + 0.0858y- 0.00105y2 - 
0.0316t + 0.00308yt 

Θ31 = - 5.296 - 0.112y + 0.00131y
2 + 0.0474t 

+ 0.00382yt 
 

Θ31 = - 6.191-0.100y -0.00225y
2 + 0.0668t 

+ 0.00156yt 

Θ32 = - 2.0103 - 0.0640y -0.00130y
2 + 

0.0686t + 0.000603yt 
 

Θ32 = - 1.659 - 0.0567y -0.00269y
2 + 

0.0870t - 0.000187yt 

Θ34 = - 4.585 + 0.0641y - 0.00139y2 + 
0.0118t - 0.00106yt 
 

Θ34 = - 5.545 + 0.0895y -0.00235y2 + 
0.0361t - 0.00156yt 

                                                   
5 Let pij((t,y),(t+1,y+1)) be the one-step probability that a person is in state j at year t+1 and age y+1 
conditonal on having been in state i at the preceding time (year, age) point (t, y). Then for the time interval 
((t,y),(t+1,y+1)) and the transient state i, the log partial odds Θij of transition to state j, j≠i, is defined as Θij 

((y,t),((y+1,t+1)) = log(pij((t,y),(t+1,y+1))/pii((t,y),(t+1,y+1))).  
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Results  
 
 
Occupancy and Transition Probabilities 

Graphs of the estimated age and calendar year -specific (yr+1− yr)-step transition probabilities, the 
pij((yr,tr),(yr + 1, tr + 1)), for the years 1995, 2000, and 2005, along with the predicted probabilities 
for the year 2010, are shown in Figures 3-5, in parallel panels for men and women. The trends for 
the year 2010 were obtained by first extrapolating regression fits to the log-ratios and using the 
estimates to give the forecast probabilities (and therby expectancies). Yet it has to be borne in 
mind that in these data the transitions are measured only from three time points. In general the 
reliability of trend predictions based on three points in time is not known, especially in case of 
strong trends involving small probabilities. No extrapolations were attempted beyond 2010 (N.B. 
the last census data available for estimation were from 2005.)   

The model (see Table 1) fitted surface (Fig. 3.1) shows how the probability of occupancy in the first 
profession for the occupational class of Physical, mathematical and engineering science 
professionals varies according to age and year (period), separately for males and females. From 
the projection to the year-axis it is visible that the probability lessens linearly with calendar period. 
(For this reason the model included only a linear term for t). On the age-axis, the demographic 
progession is curvilinear. Hence quadratic terms were needed for y. 

More specifically, Fig.3.1.a shows that, at any given age, the probability of staying in the initial 
occupation for male Physical, mathematical and engineering science professionals, p11, diminishes 
with the passing of calendar year, but differently for the youngest people (aged < 30 yrs) in the 
successive quinquennial year periods. (This phenomenon called for the yt product term.) The 
overall development for the estimated 1-year occupancy probabilities for men was a lowering level 
from 1995 to 1999, and from 2000 to 2004, and the prediction from 2005 to 2009, and extending 
from 2010 to 2014. At age 25, the probability in 1995 was approx. at the level of 0.95, in 2000 it 
was at 0.90, while in 2005 it was well below 0.80. The occupancy probabilities in 1995 stayed at a 
plateau level starting from the initial age 25 onwards to 50. For probabilities in 2000, the plateau 
was located between ages 30 to 50, and in 2005 and 2010 the probabilities were linearly ascending 
until age 50. 
 
The estimated probabilities of staying in the initial profession (p11) are consistently at a higher level 
for the 1-year occupancy probabilities (Fig. 3.1.a) in comparison to the corresponding 5-year 
occupancy probabilities (see Fig. 5.11). This follows generally from that persons hardly ever return 
to the occupation of interest from the other states during the 5 times longer time period (5-year 
versus 1-year) available for a possible change of occupation. 

Note that in the graphs the 5-year occupancy/transition probabilities (see Fig. 5.ij ) are obtained by 
multiplying the 1-year (one-step) probabilities. The appropriateness of including the (age(y) × 
time(t))-product term in the models becomes evident from the inspection of the curvilinear plots. 
The applied multistate regression methodology allowed the prediction of the transition probabilities 
by extrapolation.  
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Figure 3.1. Model fitted probability surface of 1-year occupancy probabilities p11(y,y+1), depicted 
in the age-year co-ordinates, separately for male and female physical, mathematical and 
engineering science professionals.  
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1-Year Occupancy Probabilities 

 
 

Figure 3.1.a. Estimated one-year occupancy probabilities in the first profession, p11(y,y+1),  
in the age interval y = 25-64, for males in 1995, 2000, and 2005, with projections for 2010.  
 
The four quinquennial probability estimates cover continuously the entire considered 20-year time 
interval (1995-2014). Note that the projections (for the future years 2010-2014) are essentially 
those given by standard regression methods and no attempt has been made to forecast by altering 
the regression coefficients to reflect possible future scenarios. The lowering trend of the 
probabilities estimated for the preceding 15-year span (1995-2009) would seem to continue, but 
with an accelerated inclination towards the younger age bracket (Fig. 3.1.a).  
 
In a comparison of male physical, mathematical and engineering science professionals to selected 
other professional subgroups, a general observation is that the occupancy patterns are similar with 
only a few discrepancies. While the probability of staying in the initial profession declined over the 
considered time span from approx. the 90 percent level to 50 percent for Physical, mathematical 
and engineering science professionals (Fig. 3.1) and for Other professionals (not shown), the 
decline was less prominent for Teaching professionals (Fig. 3.3), and very minor for Life science 
and health professionals (Fig. 3.2). As anticipated, the development over time was very similar for 
the index profession (code 21) and for Physical and engineering science associate professionals 
(code 31; not shown); this is because  these groups’ vocational profiles are much alike. Regarding 
age patterns, the probabilities of staying in the initial occupation were rather comparable between 
the professional subgroups. 
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Figure 3.2. Model fitted probability surface of 1-year occupancy probabilities p11(y,y+1), depicted 
in the age-year co-ordinates, separately for male and female life science and health professionals.  
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Figure 3.3 . Model fitted probability surface of 1-year occupancy probabilities p11(y,y+1), depicted 
in the age-year co-ordinates, separately for male and female teaching professionals.  
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Figure 4.1. Model fitted probability surface of 1-year transition probabilities p12(y,y+1), depicted 
in the age-year co-ordinates, separately for male and female physical, mathematical and 
engineering science professionals.  
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1-Year Transition Probabilities 

 
 

Figure 4.1.a. Estimated one-year transition probabilities from the initial profession to another, 
p12(y,y+1), for ages y = 25-64, for males in 1995, 2000, and 2005, with projections for 2010. 
 
In case of the five-year periods, there were increasing probability levels for the male mobility to 
another profession, p12, in the quinquennial periods starting in 1995, 2000, and 2005 (Fig. 5.1j, left 
panel). The movement away from the initial occupation, which started at around age 50 in 1995, 
advanced to age 40 in 2005. By 2010 the maximum transition probability is predicted to be p12(40) 
= 0.70. Starting from the middle of the considered age range (i.e. age 45), the male probability of 
leaving the labor force into unemployment or retirement (p13) grew exponentially. The pattern was 
similar for the different time periods, but the probability of outflow from employment increased 
significantly with the successive calendar years. 
 
Conversely, we may look at the one-year transition probabilities for male physical, mathematical and 
engineering scientists shown as a surface plot in Fig. 4.1 and as an areal plot in Fig. 4.1.a. Again 
there are clear and consistent patterns of increasing transition rates with calendar year. Moreover 
the rate of increase is accelerating at all ages. For example at age 40, the probability of transition 
within a year from the initial occupation at the time of the first census in 1995 was about 5 percent, 
in 2000 it had increased to 10 percent, and in 2005 further to over 20 percent. Finally, we predict 
that in 2010 professionals' mobility will approach on average 40 percent. The highest transition 
probabilities, over 40 percent for males and 50 percent for females, were estimated for scientists 
aged 25 in 2010 (Fig. 4.1.a). 
 
For comparison, the corresponding transition probability surfaces for life science and health 
professionals are shown in Fig. 4.2 and for teaching professionals in Fig. 4.3. In general the surfaces 
were quite flat for life science and heath professionals at around the 10 percent level. For teachers 
there was elevated probabilities at youger ages and towards later calendar years. 
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Figure 4.2. Model fitted probability surface of 1-year transition probabilities p12(y,y+1), depicted 
in the age-year co-ordinates, separately for male and female life science and health professionals. 

Year

1995

2000

2005

2010

Age 30
40

50
60

 

0.0

0.2

0.4

0.6

0.8

1.0

Probability of Male One-Year Transition in Life Science and Health Professionals

P
ro

b
a

b
ili

ty

Year

1995

2000

2005

2010

Age 30
40

50
60

 

0.0

0.2

0.4

0.6

0.8

1.0

Probability of Female One-Year Transition in Life Science and Health Professionals

P
ro

b
a

b
ili

ty



24 

 

 
Figure 4.3 . Model fitted probability surface of 1-year transition probabilities p12(y,y+1), depicted 
in the age-year co-ordinates, separately for male and female teaching professionals. 
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Turning to male transitions from the secondary professions (Fig. 5.2j, left panel), the returns to the 
initial professions, p21, were minimal in 1995, but they increased somewhat thereafter. The stability 
of staying in state 2, p22, followed the pattern of the primary state, p11. In 1995, there was no 
inclination in the age range 25 to 50 years, in which the probabilities were ≥0.9. In the subsequent 
years 2000 and 2005 the probability distribution was lop-sided at either edge of the age range. 
Typically, the transitions from state 2 to state 3, p23, became increasingly more J-shaped. 

The men’s transitions from outside the active labor force into the state of being employed, p31, 
these were at a higher level for the probabilities of returning to the first occupation than the 
probability of returning to work in some other profession, p32 (Fig. 5.3j, left panel). For example, 
p32(30,2005) = 0.6, whereas p31(30,2005) = 0.1, and the latter probability approached zero with 
advancing age. Nevertheless, the probability of being immobile in the tertiary state, p33, decreased, 
e.g., at age 35 from 50% in 1995 to 30% in 2010. 

The main findings for male Physical, mathematical and engineering science professionals can be 
briefly summarized as follows. First of all, the short-term (1-year) occupancy in the initial 
profession is predicted to be located at a highly statistically significant lower level (50 to 60%) than 
previously in the coming years (to 2010 and beyond) for the prime working age span (from 30 to 
50), and both at the start (age <30) and at the end (age >60) the probability of adherence to the 
initial profession will fall below 0.5. For the longer-term (5-year) occupancy the predicted 
probabilities collapse throughout the entire age span to below 20%. Another prediction is that the 
occupation probability of staying in a profession other than the first one (p22) will likewise be highly 
significantly lower than earlier, e.g. a drop from 0.9 to 0.6 at around age 40 yrs. Thirdly, 
transitions from state 3 (unemployed, outside labor force) back to employment in a secondary 
profession (state 2) (p32) will probably decrease linearly throughout the active age range from age 
30 onwards.     

In case of female Physical, mathematical and engineering science professionals (Fig. 5.ij, right 
panel), very similar general transition patterns were observed to those of males regarding the 
empirical relative frequencies (proportions) and the model fitted transition probabilities, pij, i≠ j. 
However, a noticeable discrepancy was evident in the annual trends for the occupancy probabilities 
(pij, i = j) at the younger edge of the distributions. In the youngest age group (25 to 29 years), 
women tended to be less stationary to remain in primary (index) occupation (p11) than men. The 
same phenomenon applied to the probabilities p22 and p33. In the oldest group (55 to 64 years), 
there were no clear differences between women and men in the probability of remaining in the 
primary (index) occupation, neither regarding the p22 and p33. 
 
Extrapolation of the female figures to year 2010 (Fig. 5.ij, right panel) predicted that the estimated 
trends regarding the professional occupancy and transition probabilities would continue. This would 
mean, for instance, that in the youngest age range (from 25 to 29 years) women are much more 
eager than previously to seek for an alternative occupational status. This finding is no doubt partly 
due to the prolonged duration of education and, perhaps, for reasons of planning the family life. 
 
 



26 

 

                                Males                                         Females 
 

             
 P11 

 

              
P12 

 

              
P13 

Fig. 5.ij. 
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Males                                                Females 

           
P31 

          
P32 

            
P33 

Figure 5.ij. Areal plots of the 5-year transition probabilities, pij(y,y+5), i = 1,2,3,  
j = 1,2,3,4, with initial age y years, for the four states 1 = employed, ‘index occupation’,  
2 = ‘employed, other occupation’, 3 = ‘other alive’, and 4 = ‘dead’, separately for males  
and females in 1995, 2000, 2005, and projections for 2010.  
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Working Life Expectancies 

 
Estimated WLEs for Physical, mathematical and engineering science professionals are presented 
conditionally on ages 25, 30,...,60, for the census year 2005, separately for men in Table 2 a and 
for women in Table 2 b.6 Detailed numerical estimates for all ages 25,...,64, and all study years, 
1995, 2000, 2005, and 2010, are given in the table of Appendix 4.  
 
Table 2 a. Estimates of conditional working life expectancies, êij(y), with initial age y years, for the 
four states 1 = employed, index occupation = 'physical et al. professionals', 2 = 'employed, other 
occupation', 3 = 'other alive', and 4 = 'dead', for quinquennial ages, 25-60, and for the census 
year 2005.  
 
Age y ê11(y) ê12(y) ê13(y) ê14(y) ê21(y) ê22(y) ê23(y) ê24(y) ê31(y) ê32(y) ê33(y) ê34(y) 
25  13.58  20.69 4.72 1.02 11.92 21.85 5.14 1.09 11.71 20.37 6.60  1.32   
30 11.40 18.44 4.13 1.03 9.45 19.96 4.48 1.11 9.12 17.77 6.58 1.54 
35  9.01  15.55 4.38 1.06   6.84 17.32 4.70 1.15   6.39 14.35 7.44 1.82 
40  6.71  12.34 4.93 1.02   4.36 14.25 5.26 1.13   3.81 10.45 8.72 2.01 
45  4.85  9.12 5.17 0.87   2.37 11.08 5.57 0.98   1.79   6.59 9.68 1.94 
50  3.60    6.05 4.74 0.61 1.09   7.98 5.21 0.72   0.61   3.40 9.48 1.51 
55   2.72 3.26 3.69 0.33   0.41   5.07 4.11 0.40   0.15   1.30 7.70 0.86 
60  1.76  1.10 2.05 0.09   0.11   2.54 2.24 0.12   0.02   0.29 4.42 0.27 

 
Table 2 b. Estimates of female conditional working life expectancies, êij(y), with initial age y years, 
for the four states 1 = employed, index occupation= 'physical et al. professionals', 2 = 'employed, 
other occupation', 3 = 'other alive', and 4 = 'dead', for quinquennial ages, 25-60, and for the census 
year 2005.  
 
Age y ê11(y) ê12(y) ê13(y) ê14(y) ê21(y) ê22(y) ê23(y) ê24(y) ê31(y) ê32(y) ê33(y) ê34(y) 
25 9.04 21.14 9.13 0.68 7.78 21.96 9.63 0.63 7.75 21.04 10.54 0.67 
30   7.41 18.99 7.89 0.71 5.66 20.50 8.18 0.66 5.60 19.01 9.62   0.77 
35 5.80 16.11 7.37 0.71 3.62 18.15 7.55 0.68 3.54 16.16 9.42 0.87 
40 4.47 12.88 6.99 0.66 1.91 15.32 7.12 0.65 1.82 12.65 9.58 0.95 
45 3.60 9.34 6.52 0.54 0.78 12.04 6.64 0.54 0.66 8.44 9.95 0.95 
50 3.13 5.76 5.73 0.37 0.25 8.50 5.87 0.38 0.16 4.22 9.85 0.77 
55 2.65 2.83 4.32 0.20 0.07 5.19 4.54 0.20 0.02 1.41 8.13 0.44 
60 1.85 0.94 2.15 0.06 0.01 2.47 2.47 0.05 0.00 0.26 4.61 0.13 

 
The WLEs for stability, ê11(≤40), were greater for men belonging to the occupational class of 
Physical et al.science professionals than for women, and conversely for mobility, ê12(≤40). The 
increase in the expected duration in a second profession after transition from the first one for a 25-
year old male employee in the decennium 1995-2005 was (Table 2, Appendix 4 a): 
ê M

12 (25,1995) = 19.6 yr, ê
M

12 (25,2005) = 20.7 yr, i.e. +1.1yr (+5.6%); and for a female it was 

(Appendix 4 b): ê F

12
(25,1995) = 20.5 yr, ê F

12
(25,2005) = 21.1 yr, i.e. +0.6 yr (+2.9%). Occupancy 

times in the other alive states were almost twice as long for younger women than for men: ê F

13

(25,2005) - ê M

13
(25,2005) =9.1 yr – 4.7 yr = 4.4 yr. Male expected times in the deceased state ê14 

were at all ages appromimately 1.5 times longer than those for females. 
 
                                                   
6 The population enrolled, e.g., in the year 2005 census are, in fact, those people who were resident in Finland on 31 
December 2005. In the estimation of the regression model parameters for the computation of the WLEs the employment 
entry age was assumed to be in the middle of,  the age interval (y, y+1). The logistic model was then applied to estimating 
and forecasting the future occupancy times êij(y), and these are presented herein at exact ages y, e.g. y = 25.0. Thus this 
1-year forecast period spans the age interval (25.0 to <26.0). 
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The corresponding WLEs for male Life science and health professionals and Teaching professionals 
are presented in Tables 3 and 4, respectively. 
 
Table 3 a. Estimates of male conditional WLEs, êij(y), with initial age y years, for the four states 1 
= employed, index occupation = 'life science professionals', 2 = 'employed, other occupation', 3 = 
'other alive', and 4 = 'dead', for quinquennial ages, 25-60, and for the census year 2005.  
 
Age y ê11(y) ê12(y) ê13(y) ê14(y) ê21(y) ê22(y) ê23(y) ê24(y) ê31(y) ê32(y) ê33(y) ê34(y) 

25 6.80 21.71 9.04 2.45 2.51 26.07 9.33 2.09 2.51 24.41 10.75 2.32 
30 8.84 17.41 6.69 2.06 1.54 23.74 7.88 1.84 1.52 21.30 9.92 2.26 
35 8.90 13.67 5.79 1.64 0.88 20.32 7.19 1.61 0.84 17.04 9.86 2.26 
40 8.36 10.21 5.17 1.26 0.47 16.42 6.75 1.36 0.42 12.24 10.11 2.23 
45 7.56 7.10 4.43 0.91 0.24 12.46 6.23 1.07 0.19 7.57 10.23 2.01 
50 6.48 4.42 3.52 0.59 0.11 8.72 5.42 0.74 0.07 3.79 9.62 1.53 
55 4.90 2.24 2.55 0.31 0.04 5.39 4.17 0.40 0.02 1.41 7.71 0.86 
60 2.71 0.71 1.48 0.10 0.01 2.62 2.25 0.12 0.00 0.31 4.42 0.27 

 

 

 
Table 3 b. Estimates of female conditional WLEs, êij(y), with initial age y years, for the four states 
1 = employed, index occupation = 'life science professionals', 2 = 'employed, other occupation', 3 
= 'other alive', and 4 = 'dead', for quinquennial ages, 25-60, and for the census year 2005.  
 
Age y ê11(y) ê12(y) ê13(y) ê14(y) ê21(y) ê22(y) ê23(y) ê24(y) ê31(y) ê32(y) ê33(y) ê34(y) 
25   4.54  25.17 9.28 1.01 1.91 27.55 9.65 0.89 1.93 26.58 10.56   0.93 
30 5.29 21.39 7.36 0.96 1.09 25.05 8.02 0.84 1.09 23.51 9.45 0.94 
35 5.16 17.25 6.74 0.85 0.61 21.25 7.36 0.78 0.59 19.22 9.23 0.97 
40 4.85 13.06 6.39 0.70 0.33 16.94 7.04 0.69 0.30 14.22 9.49 0.99 
45 4.48 9.17 5.82 0.53 0.18 12.62 6.65 0.55 0.13 8.96 9.94 0.96 
50 4.03 5.77 4.85 0.34 0.09 8.64 5.89 0.38 0.05 4.32 9.86 0.78 
55   3.31 2.93 3.58 0.18 0.04 5.21 4.56 0.20 0.01 1.42 8.13 0.44 
60 1.98 0.86 2.11 0.05 0.01 2.47 2.47 0.05 0.00 0.26 4.61 0.13 

 
 
Regarding the other considered professional groups, it is interesting to compare their WLEs to 
those of the physical et al. professionals. For instance, for male life science professionals the WLEs 
were (Table 3): êM

12
(25,1995) = 21.0 yr, ê M

12
(25,2005) = 21.7 yr, i.e. + 0.7 yr (+3.3%), and for 

females):  ê F

12
(25,1995) = 21.9 yr, ê F

12
(25,2005) =  25.2 yr, i.e. + 3.3 yr (+15.1%), while for 

teaching professionals they took on the values of (Table 4) ê M

12
(25,1995) = 23.0 yr, ê M

12
 (25,2005) 

= 24.5 yr, i.e. + 1.5 yr (+6.5%), and ê F

12
(25,1995) = 20.0 yr, ê F

12
(25,2005) =  23.5 yr, i.e. + 3.5 

yr (+17.5%).  
 
The statistical inference is that while the percentage increases in transition WLEs for males were 
roughly of the same order of magnitude between the three compared professional groups, the 
female physical et al. professionals were much more reserved to move to a secondary occupation 
than the other two professional groups. 
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Table 4 a. Estimates of male conditional WLEs, êij(y), with initial age y years, for the four states  
1 = employed, index occupation = ‘teaching professionals’, 2 = ‘employed, other occupation’, 3 = 
‘other alive’, and 4 = ‘dead’, for quinquennial ages, 25-60, and for the census year 2005.  
 
Age y ê11(y) ê12(y) ê13(y) ê14(y) ê21(y) ê22(y) ê23(y) ê24(y) ê31(y) ê32(y) ê33(y) ê34(y) 
25 3.87 24.60 9.53 1.99 2.68 26.07 9.30 1.96 2.69 24.38 10.73 2.19 
30   3.91 21.35 7.94 1.80 1.70 23.61 7.92 1.78 1.68 21.16 9.96   2.20 
35 4.20 17.10 7.10 1.60 1.05 20.13 7.24 1.58 1.00 16.86 9.90 2.24 
40 4.46 12.71 6.49 1.35 0.64 16.23 6.78 1.35 0.57 12.08 10.13 2.22 
45 4.51 8.69 5.76 1.04 0.39 12.31 6.24 1.07 0.30 7.45 10.24 2.01 
50 4.21 5.30 4.78 0.70 0.22 8.61 5.43 0.74 0.14 3.71 9.62 1.54 
55 3.47 2.64 3.52 0.37 0.11 5.33 4.17 0.40 0.06 1.37 7.71 0.86 
60 2.15 0.82 1.92 0.10 0.03 2.60 2.25 0.12 0.01 0.30 4.42 0.27 

  

 

 
Table 4 b. Estimates of female conditional WLEs, êij(y), with initial age y years, for the four states 1 
= employed, index occupation = ‘teaching professionals’, 2 = ‘employed, other occupation’, 3 = 
‘other alive’, and 4 = ‘dead’, for quinquennial ages, 25-60, and for the census year 2005.  
 
Age y ê11(y) ê12(y) ê13(y) ê14(y) ê21(y) ê22(y) ê23(y) ê24(y) ê31(y) ê32(y) ê33(y) ê34(y) 
25 6.70 23.49 8.99 0.82 5.11 25.04 9.03 0.81 5.17 24.01 9.95 0.86 
30   6.40 20.28 7.35 0.80 3.49 23.08 7.63 0.80 3.55 21.47 9.07   0.91 
35 6.35 15.89 7.01 0.75 2.26 19.83 7.14 0.76 2.31 17.73 9.02 0.95 
40 6.38 11.20 6.76 0.65 1.37 16.02 6.93 0.68 1.39 13.24 9.38 0.99 
45 6.22 6.88 6.38 0.51 0.74 12.11 6.60 0.56 0.73 8.41 9.89 0.96 
50 5.50 3.51 5.64 0.35 0.34 8.41 5.87 0.38 0.31 4.08 9.83 0.77 
55 4.03 1.37 4.41 0.18 0.12 5.14 4.54 0.20 0.10 1.34 8.13 0.44 
60 2.14 0.33 2.48 0-05 0.03 2.46 2.46 0.05 0.02 0.25 4.61 0.13 

 

 
Figures 6 a, b depict the expected number of years of staying in secondary transition states in 
2005 as a function of advancing age.  For example, at the age of 25 years, a male employee is 
expected to continue working in the professionals' class for 13.6 years, 20.7 years working in 
another occupation, 4.7 years in another alive state, and live an additional 1.0 year before dying. 
The expectancies ad up to 40 (= 65-25)  years. For women the corresponding times are 9.1, 21.1, 
9.1, and 0.7 years. Thus, in the beginning or their working career men are more prone than 
women to stay in their first profession. Conversely, at age 25 women are more eager than men to 
seek a second occupation and more likely to be outside active labor force of become unemployed.  
 
Plots of the expected number of years of remaining in the initial profession according to age in the 
census years are shown for both genders as smoothing spline 3D plots in Fig. 7 a, b. There is a 
consistent transition toward shorter working life expectancies with the subsequent census years. 
This finding becomes more transparent when the e11  values are projected as a function of age 
(suppressing the year axis) in Fig. 8 a, b. An observation is that the divergence of the courses of 
the e11 occur only after age 40. Another way to illustrate the results is to present  the expectancies 
in relative terms as a proportion of the remaining time in working life in the index occupation (Fig. 
9 a, b). The model fitted surface (Fig. 10.1) of the proportion of WLEs for Physical, mathematical 
and engineering science professionals illustrates all the information that is contained in these 
census data in the age by year stratification. For both gender there is a depression of the stability 
around ages 45 to 50. At the edge of the age range the stability among women reaches 80 per 
cent, whereas among men it is below 70 per cent. 
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(b) 

 
Figure 6. Areal plot of the 5-year expected occupancy times, eij(y,t), i = 1, j = 1,2,3,4, with initial 
age y years, for the four states 1 = employed, ‘index occupation’, 2 = ‘employed, other 
occupation’, 3 = ‘other alive’, and 4 = ‘dead’, for (a) males and (b) females at t = 1995.7 
___________________________________ 

7 Expected occupancy times in the initial profession are first plotted along the age axis with the subsequent 
values for expectancies (transition to a secondary occupation or  another alive state, and finally death) 
'stacked' on top of the previous ones (assumed ordering). For example, at the age of 25 years, a male 
employee is expected to continue working in the professionals’ class for 13.5 years, 19.6 years in another 
occupation, 5.5 years in another state, and 1.4 year before death. The expectancies ad up to 40 (= 65-25)  
years. 
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Figure 7 a. Expected number of years in a primary occupation according to man’s age in the 
census years. 
 
 

 
 
 
Figure 7 b. Expected number of years in a primary occupation according to woman’s age in the 
census years. 
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Figure 8 a. Expected duration (in years, vertical left axis) in the first occupation for males as a 
function of age at the time of at the four census years. 
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 Figure 8 b. Expected duration (in years, vertical left axis) in the first occupation for females as a 
function of age at the time of at the four census years.  
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Figure 9 a. Working life expectancies for males in the index occupation (code 21) for the census 
years 1995, 2000, and 2005, and predictions for year 2010. 
 
 

 
 
Figure 9 b. Working life expectancies for females in the index occupation (code 21) for the census 
years 1995, 2000, and 2005, and predictions for year 2010. 
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In an examination of the probability surfaces for the WLEs, a significant finding was that the 
proportion of expected future years in all the considered professions declined consistently over the 
entire study period 1995-2010 (Fig. 10). The development was most prominent between the prime 
working years, at ages 30 to 55. At age 50 the drop was typically from about 50 to 10 percent. A 
comparative analysis further revealed  a dent in the proportion of WLE years in the index 
occupation for the Life science and health professionals (fig. 10.2) and Teaching professionals (Fig. 
10.3) at ages 60 to 62 years. This retirement-age-related phenomenon occurred during the earlier 
calendar year periods, but it levelled off towards year 2005, and it is predicted to vanish by year 
2010. A possible explanation may be the increased level of education in the aged (55-64–year-old) 
worker groups, and the changed structure of work tasks (maybe becoming lighter or more 
interesting), and thereby acting against occupational mobility. 
 
Plots of the expected number of years in a secondary occupation after transition from the first one 
according to age in the census years are shown for Physical, mathematical and engineering science 
professionals for both genders as smoothing spline 3D plots in Fig. 11 a,b. In these graphs the 
vertical ordering of the census year effect is reversed. That is, the decreased stability over the 
years is conterbalanced by increased mobility. In other words, there is a consistent transition 
toward longer WLEs in a second occupation with the subsequent census years (Fig. 12 a, b). The 
WLE years are differently proportioned for the genders (Fig. 13 a, b): In 1995, the e12 were 
estimated to be shorter among females than among men under age 45, and conversely after age 
45. In 2000, the conversion occurred at age 50, in 2005 it had shifted to age 55, and by year 2010 
it is estimated that the female expectancies in a second occupation are shorter at all ages. 
 
The demographic trajectories of the expected duration in the other ('secondary') occupation after 
transition from the first one are illustrated for seven birth cohorts in Fig. 14 a, b. At each age and 
for both genders the WLEs e12 increase over time, that is, when moving towards younger birth 
cohorts. For example, at age 45 the estimates for cohorts born in 1950, 1955, 1960, and 1965 are, 
respectively, approximately 6, 8, 9, 10 years. This cohort effect indicates that younger generations 
have a longer occupancy time in a secondary profession than their predecessors. This development 
may be due to the increasing specialization required of workers after WWII, with the later cohorts 
reacting to increasing volatility in the Finnish economy by attaching themselves less tightly to a 
specific career.   
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Figure 10.1. Model fitted surface of the proportion of WLE years in the index occupation for male 
and female physical, mathematical and engineering science professionals.  
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Figure 10.2. Model fitted surface of the proportion of WLE years in the occupation for male and 
female life science and health professionals. 
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Figure 10.3. Model fitted surface of the proportion of WLE years in the occupation for male and 
female teaching professionals. 
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Figure 11 a. Expected number of years in a secondary occupation after transition from the first 
one according to man’s age in the census years. 

 
 
 

 
 
 

Figure 11 b. Expected number of years in a secondary occupation after transition from the first 
one according to woman’s age in the census years. 
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Figure 12 a. Expected duration (in years, vertical left axis) in a secondary occupation after 
transition from the first one for males as a function of age at the time of at the four census years.  
 
 

 
 
Figure 12 b. Expected duration (in years, vertical left axis) in a second occupation after transition 
from the first one for females as a function of age at the time of at the four census years.  
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     Fig 13 c.                                                         Fig 13 d. 

 

 

Figure 13. Working life expectancies for males and females in the index occupation (code 21) for 
the census years (a) 1995, (b) 2000, and (c) 2005, and predictions for year (d) 2010 expressed as 
a proportion of the future career. 
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Figure 14 a. Expected duration (in years, vertical left axis) in a secondary occupation (given 
transition from the first occupation) by age for males, separately for the seven birth cohorts. 8 
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Figure 14 b. Expected duration (in years, vertical left axis) in a secondary occupation (given 
transition from the first occupation) by age for females, separately for the seven birth cohorts. 
________________________________ 

 

8Note that, for example, for males born in 1945, who were aged at 50 at the start of follow-up in 1995, the expected future 

duration in the other ('second') occupation was ê
M

12 (50,1995)= 3.6 yr until age 65 (see Appendix 4 a), while for males born 

in 1950 it was longer, ê
M

12 (50,2000) = 5.0 yr. But, members of the younger 1950 birth cohort already had experienced 5 

years follow-up by year 2000, part of which time was spent in the other occupation. 
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Discussion 

 

 
Study Design Aspects 

 

The reason for the exiguity of scientific information on occupational mobility lies most probably in 
that the research requires longitudinal follow-up study designs and sufficiently large samples  in 
order to be able to show changes. A contemporary study commissioned by the Prime Minister’s 
Office on occupational mobility utilized rotating panel data from the Finnish Labour Force Surveys 
(Aho et al., 2009). It provided valuable new information in terms of occupational flows calculated 
from sequential interviews of the same employed persons on two occasions a year apart. 
Unfortunately, only a few estimates of the total mobility in a year, that is flows within the 
employed population and between other groups outside the labor force, were presented for the 
years 2002-2006. 
 
A fundamental weakness of the panel design is its non-representativeness.This means that 
responders to interviews move abroad, decline to respond in the second interview, or they have 
died in the interval. It follows that the representativeness of the panel weakens the more the 
longer the time interval between the interviews is. Fortunately, the rotating scheme is able to 
represent the dynamics of the employed population. Thus, mobility can be studied over a long time 
span, and it allows comparisons between different calendar periods. (For details, see Solga, 2001.) 
 
The study by Aho et al. (2009) asserted that information concerning occupational changes is only 
obtainable from surveys, and thus it cannot be compared to the information based on registers.  
The present study refutes this claim in the sense that register-based studies on occupational 
mobility can be realized and that the information that they provide is accurate and relevant. 
However, results from interview surveys and register studies may not be directly comparable 
because of the different estimation techniques applied. Hence, the information yield from these two 
types of studies should be regarded as supplementary to each other.  
 
A recent Finnish Institute of Occupational Health study (Ilmarinen and Hussi, 2008) examined 
transitions between different population employment activity groups in the Finnish labor force from 
2001 to 2004. However, occupational classification was not included in this analysis (Myrskylä, 
2008). The usefulness of quantifying occupational transitions becomes vital considering the fact 
that in Finland labor market is currently undergoing a transitional phase, which is heading in 
disparate directions in the EU countries (Eurofound, Bukodi and Róbert, 2007). Thus it is important 
to know what are the durations that people, on average, continue to work in a given occupation.  
 
The present register-based research constitutes the first modern undertaking to estimate the 
occupancy and transition times of Finnish employees in a given profession using population census 
data files. Information on employment status and occupation are compiled from many different 
registers (Myrskylä, 2000). Register data from the Finnish Longitudinal Census Data File were 
extracted by Statistics Finland for use in this research. As explicated in the Data and Methods 
section, the Finnish official statistics provide a unique, invaluable and inexpensive source for 
societal researchers in worklife analysis. We took up on this opportunity, and applied the 'cutting 
edge' methodology developed by Australian mathematical scientists (see Davis, 2003) to model 
and to estimate conditional (one- and five-year) transition probabilities and working life 
expectances in the entire Finnish population for the years 1995, 2000, 2004, and 2005, with 
predictions for 2010. 
 
In the follow-up of the birth cohorts defined as of the 1995 census, the occupational mobility 
experience is drawn from the prospective segment of their course over time (see Appendix 2). 
However, there is no changeover in the membership of the entire cohort. As a consequence, its 
constitution does not replenish so as to become representative of the cross-sectional structure 
(e.g. age distibution) of the current population. Yet, there is an approach to study the effects of 
different calendar periods by means of multiple regression analyses for different birth cohorts. To 
this end, an overall model was fitted to the entire body of data. The applied model incorporated 
terms for age, calendar period and their interaction. Upon fitting, calendar year was fixed at the 
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successive census years, and the separate regressions were plotted (Fig. 14). In a way, the 
demographic trajectories (birth cohorts) scan through the 2-dimensional time (age-year) 
distribution.   
 
This societal-demographic study considered occupational mobility in a system of four states. We 
analyzed cohorts whose members moved between occupational classes as well as in and out of 
employment. The purpose of this investigation was to estimate occupation times in the four states: 
1) the occupational class of professionals (i.e. the index class); 2) a class different to the index 
one; 3) the 'other alive state', that is, either unemployed or outside the labor force;  and 4) 
deceased. We did not differentiate the input and output rates of labor force participation between 
the subgroups of persons belonging to state 3. 
 
The main limitation of the study approach is that there are only three time points at which  
transitions were observed, which were then modeled for a statistical analysis. In general, the 
reliability of trend estimates based on just three data points is difficult to quantify, especially when 
the trends are very strong.  
 
In this research publication, we have focused on a particular class of science professionals. This 
statistical analysis of occupational mobility will serve as a model for the forthcoming analyses, in 
which we will differentiate and compare WLEs for all the 27 occupational classes (at two-digit 
level).   
 
 
Methodologic Issues on Age-Period-Cohort Analysis 

 
We studied the variation in demographic rates of occupational transition along three temporal 
dimensions: age at the time of the event (e.g. occupational transition), period of time of its 
occurrence, and cohort follow-up experience over time. Within this system, age means a person’s 
chronological age, period is the prospective time span from a given census during which events are 
recorded, cohort refers to a person’s birth year (membership defining event). 
 
We basically assumed that in the age-period-cohort (APC) analysis all the factors bearing on 
occupational transitions can be grouped in these categories. The analytic strategy that we adopted 
was first to describe the changes in the occupational mobility rates which are associated with these 
dimensions. In the statistical modeling phase, we formally quantified the magnitude of their effects 
in terms of the WLE measure.  
 
The logic the WLE analysis is simple (since it is based on a direct summation probabilities), 
although technically rather complicated. Mathematically, it is impossible to distinguish the changes 
of one of the factors along the other two dimensions (see Wilmoth, 2006, and the references 
therein). Can the APC analysis then be useful for practical purposes? The three time dimensions 
stand for some (maybe unidentified) factors that account for the observed variation in the 
demographic rates. However, all three variates may not be equally significant in all situations.  
 
Age is intrinsically intertwined with studying entry to employment and retirement from work. 
Periods of economic cycles and some important phases in the life course make the important. 
Cohorts consisting of younger people are less restricted by previous population experiences. The 
imprint of life-marking social events (such as military service, beginning of university education or 
first employment) may be more fundamental than biological ones (e.g. wartime nutritional 
deprivation). For example, the large 'baby boom' cohorts (born in 1945-1949) may have suffered 
from disadvantages as they entered the job market. 
 
A possible solution to the problem of identifiability in the context of APC analysis is to constrain the 
parameters of the statistical regression model. However, these assumptions involve arbitrariness 
concerning the level and slope of the parameter effects; and, if unjustified, they may inflate the 
information value of observations and hamper the interpretation of the results. A suggestion is to 
measure the APC effects directly (Caselli and Capocaccia, 1989). However, this approach is fraught 



46 

 

with difficulties to define proper statistical variates to represent the underlying causal factors and 
to incorporate nonidentified sources of variation into the model.  
 
The two strategies which we followed were, first, to explore all two-factor relations graphically to 
see their relative importance (we did not use statistical significance testing). Upon selecting the 
degree of the polynomial terms of age y and period t in the statistical model (see Table 1) we 
incorporated a product term yt to capture their interaction effect. This allows to describe the lower 
and higher levels of mobility among more advanced versus fresher birth-year cohorts. It should be 
noted though that the calendar period term was coded as a quantitative variate. Therefore the the 
ranking the birth cohorts with respect to the estimated WLEs was constrained by the model (Fig. 
14). Had it been possible to model the cohort effect by representing the birth cohorts using 
indicator variates, some rankings might have changed. Unfortunately, this was not possible 
because of too large number of parameters. In any case, the cohort lines were well separated from 
each other indicating a realistic cohort effect. 
 
In conclusion, the results of the APC analysis reflect both the underlying patterns in the empirical 
data and the assumptions adobted by the researchers. This reality does not invalidate the 
approach, but one should keep in mind the limitations that all models share when aiming at the 
separation of age, period, and cohort effects. 
 
 

Methodologic Issues on Multistate Regression Modeling 
 
The Finnish rotating panel study by Aho et al. (2009) investigated the effects several factors on 
occupational mobility in a logistic regression analysis. The model results were interpreted as 
explaining the independent effect of each explanatory variate, on the probability of mobility when 
the other covariates were "controlled for". Anticipated findings were that the probability of 
occupational mobility increased towards to end of the study period (from 2002 to 2006 by 33 
percent), and that fixed-term employment increased it by 2.5-fold. Yet, the interpretation of the 
model results is rather intricate when the variates of interest are represented by multiple model 
terms. For a theoretical explication, see Miettinen (1985, Section 18.2.4). For example, when 
studying potential modification by education of the association of probability of mobility with type 
of employment, conditioning by education-related covariates such as age and gender is tantamount 
to depriving education part of its very meaning. Thus, with such other covariates in the model, the 
product term with type of employment and education (which is needed to study modification) 
would involve a vacuos number replacing education in the sence of the actual effect of 
modification. The problem was bypassed, because the contructed model did not include any 
product terms. Displaying results in a graph of model-based estimates can provide a more easily 
interpreted summary when there are multiple terms.     
 
We applied the methodology of Davis et al. (2003) for aggregate longitudinal data with the 
objective of describing transitions between professional states in terms of a regression model for 
covariates, their polynomial terms and product terms, while taking into account the correlation 
among repeated observations for an individual. In this modeling, the regression coefficients have 
implications for the population rather than to an individual, and hence the concept of 'population-
averaged' model can be applied. This approach has two distinctive features. The first is that the 
population average response is the focus, and the second is that subject heterogeneity is not 
explicitly modeled. This type of modeling is effectively applied in epidemiologic studies such as 
those conducted on public and occupational health. Here the interest is the difference in the 
duration of employment in a given profession, rather than the changes in an individual's probability 
of a certain career endpoint over time as a function of covariates. 
 
Often in the case of longitudinal data, for some observations we may not know the exact time of 
the event at issue but only that it occurred within a certain time interval, known as 'interval-
censored' data. We tackled the problem of incomplete time-to-event information by modeling 
missing observations as a smooth regression surface of the calendar year and persons' age. The 
adopted estimation and interpolation procedure is similar to the practice of using a two-dimensional 
projection-pursuit regression surface (Venables and Ripley, 1999), but is superior to the simpler 
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method of using a polynomial interpolation in the calendar year dimension only. The importance of 
smoothing simultaneously on the age dimension is that, because of the underlying 'censoring' 
process, the true observations typically are conditional on persons' age.  

Use of the log partial odds and multinomial logistic parametrizations have the advantage that it 
facilitates the joint estimation of the transition probabilities. Note that the logistic regression 
method has the advantage that the form of the model for each of the observed partial odds need 
not be fixed a priori but can be determined by the pattern of the data. Although there are other 
possible choices, such as the complementary log-log function, the logistic function is more readily 
interpretable. The regression models can include indicator variables for factors such as socio-
economic status when appropriate data are available. 

There are alternative approaches to regression modeling, which make use of aggregate data. Time 
series can be constructed from a sequence of cross-sectional surveys. In autoregressive models, 
the series are generally assumed to be time-dependent. However, it is not obvious that the 
autoregression methods have offsetting advantages over simpler model-building procedures, which 
would compensate for being statistically involved. The autoregressive methods comprise complex 
estimation processes that demand computer-intensive tasks. 

The multistate (multiple 'increment-decrement') models used in demography have their own 
limitations. These models are not generally applicable when the number of non-absorbing states in 
the model is greater than two. Also, the methods do not permit the direct parametric modeling of 
the age dependence on transition probabilities. Furthermore, formulas for the standard errors of 
the working life expectancy estimates need development. 

For reasons of simplicity, statistical methods used for analyzing multistate transition are usually 
Markov models. Under the Markov assumption, the transition probabilities depend on the current 
time and the state currently occupied; they do not depend on the persons occupational history 
(duration of stay in the current occupation; time of transition to the current occupation; states 
previously visited; persons characteristics registered before, etc.). By ignoring the occupational 
history, these models may carry severe limitations which can make the model inappropriate 
(Meira-Machado et al., 2007). It may be reasonable to assume, e.g., that the future propensity for 
mobility of an individual who moved to the index occupation in year 2005 is different from those 
who were in that occupation already in the 1995 census. Nevertheless, we do not consider non-
Markov models in which the future evolution not only depends on the current state but also on the 
entry time into that same state. 
 

 
Societal Objectives 

 
Research on occupational mobility in Europe has investigated how the high level of observed job 
mobility relates to social stratification and social class (Eurofound, Bukodi and Róbert, 2007). An 
obvious assumption would be that intensifying employment mobility has weakened social 
inequalities across a wide range of life prospects, and social class has become increasingly less 
meaningful for people in their daily lives. The main research question asked (and statistically 
formulated) was: Whether the increase of job mobility has led to a growing class mobility? Or 
perhaps class remains, despite the gradual disappearance of the 'job for life' phenomenon. The 
main findings were as follows. The incidence of workers staying in the same job for most or all of 
their working life is slowly but surely ceasing to exist. Job mobility and being mobile in the labor 
market is a typical feature of current times. Increasing job mobility reflects the changes in 
globalising labor markets much more than it acts as a channel for equalising social chances and 
risks at class levels. Occupational mobility patterns appear to be widely different across the 25 EU 
countries and across types of employment regimes. In terms of moving up or down the social 
ladder, from a life course perspective, the "liberal and social-democratic" countries (including 
Finland in the survey year 2005) form special clusters because worklife class mobility is high, but 
mid- and late career mobility is low. This indicates that the majority of class shifts occur during the 
first phase of the career. When workers achieve an established employment position, it becomes 
"lifetime experience" for these people. 
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The statistical analysis of the Eurofound survey proved that some explanatory factors clearly define 
the chances and the risks of class mobility. In this regard, one of the most important factors is the 
initial (first) class position. The report emphasized that (pp.36-37),  
 

" ... upper salariat class (high-ranked managerial and professional positions) has a strong 
and strengthening 'extention function' in the European labour market, referring to the 
fact that the risk of downward mobility from this position is rather low. At least in part, 
this is a consequence of the changing recruitment policies applied by employers, who try 
to fill the high professional, administrative and managerial vacancies more often directly 
with highly-qualified school leavers, who are very familiar with the new technologies and 
new managerial techniques. It is also important to emphasise that for younger workers, 
routine service jobs serve as a 'stepping-stone' to a higher occupational status to an 
ever-increasing extent.  
 
"More generous active employment policies, like those in the social-democratic regime, or 
the educational system with a lower degree of vocational specificity, contribute to a 
higher rate of class career mobility, which often serves as a 'bridge' to some of the more 
privileged classes. This highlights the special importance of the labour market entry 
process and its impact on workers' chances of moving on from 'trap' positions, and 
generally on pursuing further career developments." 

 

The overall conclusion of the Eurofound analysis for policymakers and scholars was that, economic 
and social consequences of intensifying labor market flexibility and increasing labor market mobility 
can be most adequately explained and interpreted in terms of occupational class. 
 

Greater labor force mobility, both between jobs (occupational mobility) as well as within a country 
(regional mobility) and between countries (geographical mobility), is likely to contribute to 
economic and social progress, a higher level of employment, and to balanced and sustainable 
development. It also enables the employment and labor force to adapt to changing circumstances 
more smoothly and efficiently, and to provide the impetus for change in a competitive economic 
situation. The Finnish Parliament has passed a law on recognizing occupational proficiency (FINLEX, 
2007). The new national law (enacted 1 January 2008) enforces the directive (2005/36/EY) that 
acknowledges the right of an EU citizen to move freely in order to work and live exercising his or 
her profession in other Member State countries (EURES, 2006).   
 
In Finland, occupational and regional mobility has been at least on the average European level.  On 
the other hand, the structure of the Finnish industrial life evidently requires an above-average 
mobility of the labor force. To promote this prerequisite new measures have been introduced (e.g. 
removal and traveling subsidies). Occupational mobility is a central adaptation mechanism by 
means of which the labor market can react to changes in the structure of labor demand. From this 
point of view it is interesting to know what is the level of occupational mobility in Finland, and how 
it has developed during the recent years. Answers to these questions have been sought in a recent 
report undertaken by the Finance Office of the Council of State (Virjo et al., 2007). 
 
The tripartite attitudes of the Government, employers' and employees' central organisations reflect 
common concerns about the flexibility of labor market in the face of looming labor force shortage. 
The previous Finnish Government's employment programme stressed as one of its main objectives 
the importance of labor availability for the enterprises. In a commentary of the programme, the 
chairman of the Central Organisation of the Finnish Trade Unions noted that (Ihalainen 2007): 
employees change their workplace on average five times during their working career; "pendeling" 
between place of residence and place of work (one in three works outside domicile); and the 
regional and occupational mobility have increased, and this trend has been supported. On the other 
hand, a Director of the Confederation of Finnish Industries stressed that the regional and 
occupational mobility is not functioning adequately (Koponen 2007). One of the reasons for this 
adverse development is that Finland has not been able to attract foreign professional employees 
nor talented students, teachers and researchers.  
 



49 

 

Central positions of current Government's Policy programme for employment, entrepreneur-ship 
and worklife include (Ministry of Employment and the Economy, 2008) the following: 
  

"To promote the availability of labour, steps will be promoted to shorten the time 
required for completing degrees, extend work careers, increase the incentive aspect of 
social security, and promote work-based immigration ...  In the face of on-going change, 
steps will be taken to address the discrepancy between jobs and job-seekers; this is 
partly due to regional discrepancies or the incompatibility of the required qualifications 
and employee skills. Professional and geographical mobility will be increased."  

 

Occupational Mobility of Migrants 

Over the past decade or so, there has been increasing discussion about the demand for immigrants 
to ease the looming shortage of labor force in the Western European countries. A study by the 
French National Institute for Statistics and Economic Studies into the situation of migrant workers 
in the labor market reveals that migrants are more often unemployed in comparison to non-
migrants (Mikol and Tavan, 2006). Moreover, they also have fewer chances to benefit from 
promotion than non-migrant workers, in addition to facing more often the risk of downward 
occupational mobility (i.e. demotion). The study compared the position of foreign migrants and 
native citizens in the French labor market over the period 1990-1999. It was based on permanent 
demographic panel data which represents 1 percent of the resident population in France. The 
information is collected during each population census, thereby providing data that allows a 
comparison of the changes in the workers' labor market situation over time. In brief, some of the 
findings were: 1) migrants had lower occupational promotion rates than non-migrants, and the gap 
increased with lower job qualification; 2) a worker's career path can take the form of regression 
when he or she shifts from a qualified job to an unqualified job; and 3) male migrant workers leave 
the status of employee more frequently than native workers do in order to become self-employed 
entrepreneurs. 

Finland is a part of the international economy and labor shortage can be alleviated by immigrating 
foreign workers, especially from the European Union countries (e.g. Estonia) whose citizens enjoy 
free labor movement within the Union. In 2001-2004, 14,600 immigrants entered employment in 
Finland (Myrskylä, 2008). From the employment point of view the balance between in- and 
outmigration, despite net gain, is still negative. Over 20,000 immigrants annually would be needed 
to offset possible shortage of labor force. The employment regime in Finland is characterized by 
high flexibility and active labor market policies (Eurofound, Bukodi and Róbert, 2007). When 
migrants become employed in Finland they will, for their part, finance the services and pensions of 
a welfare state. On the other hand, in recent times with the global economic downturn or recession 
threatening also Finland, concerns have been raised about the socioeconomic burden that the 
inflow of a increasing number of foreigners will bring about.  
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Determinants and Effects of Occupational Mobility 

 

The causes of occupational changes are usually analysed in the framework of human capital 
investment models (Shaw, 1987), occupational matching (McCall, 1990), or career mobility models 
(Sicherman and Galor, 1990, Neal, 1999). Using general equilibrium models, a recent study 
(Kambourov and Manovskii, 2007) analyzed the high level and the substantial increase in worker 
mobility in the United States over the 1968–1997 period at various levels of occupational and 
industry aggregation. An important finding was that human capital of workers is largely 
occupation- or industry-specific. The study emphasized the relevance of a number of determinant 
issues such as the changes in wage inequality, aggregate productivity, job stability, and life-cycle 
earnings profiles. 
 
Sociologists have studied occupational mobility extensively as an issue of the highest relevance for 
social stratification, social mobility, and the process of social change. In the setup of a transition 
country, characterized by an intense process of transformations, the unexpected demand shocks 
may as well be the cause of occupational shifts. Previously, occupational mobility has not been 
studied much by economists, at least in Finland. Recently in the US, the econometricians Moscarini 
and Vella (2008) tried to answer the question:  
"Do workers sort out more randomly across different job types when jobs are harder to find?" 
Today this is a timely and severe concern faced with the global economy suffering from a severe 
downturn or recession. They provided empirical evidence to the effect that, "high unemployment 
somewhat offsets the role of individual worker considerations in the choice of changing career, but 
when unemployment is high these negative effects are weaker, and reversed for college 
education." This study on career mobility assumed that it depends on worker’s individual 
characteristics, both observed and unobserved. The latter were, in turn, assumed to depend only 
on the birth year of the worker to capture such cohort effects as cultural background, quality of 
education, and parental experience. The study showed that occupational mobility declines with age, 
family commitments, and education. It concluded that in a tight labor market, specialized-skill 
workers are selective in their job search. It follows that selective professionals switch less on 
average when unemployment is lower. But, in a depressed situation, individual skills emerge as the 
primary driving force of career mobility decisions. Mobility is more likely when skills are general. 
 
The process of economic development, particularly in times of labor market transition, necessarily 
involves complex occupational changes. Thus studying occupational mobility can be useful because 
one of its determinants is the transferability of skills across occupations. Change of one’s 
occupation is an important aspect of the accrual of human capital. At each stage in an individual's 
career (implying upward occupational mobility), the scope for future job or occupational mobility is 
largely conditional on the type and quantity of their human capital (educational level and special 
skills). Choice of one’s occupation depends on returns to ability and to scale, on market size, and 
on compensation contracts (Dolton and Kidd, 1988). Of general importance is how society's labor 
force is allocated to employees or self-employed persons or hired contract workers in view of long-
term growth. For example, empirical evidence suggests that countries with a larger proportion of 
engineers grow faster than those with a larger proportion of lawyers (Murphy et al., 1991).     
 
Occupational mobility in countries that have undergone fundamental transitions in their economic 
systems have been studied in Russia (Sabirianova, 2000), Estonia (Campos and Dabusinskas, 
2002), and Hungary (Dan, 2007). Sabirianova (2002) employed the Russian Longitudinal 
Monitoring Survey, a nationwide panel, to inquire into the magnitude, determinants, and 
consequences of occupational mobility in Russia from 1985 to 1998. The restructuring process 
increased the rate of occupational reallocation. Structural changes accounted for a substantial part 
of the increase in gross occupational flows. The empirical analysis demonstrated that the 
destruction of existing jobs and occupations and the creation of new opportunities are important 
explanations for increased occupational mobility in transitional Russia. The econometric results also 
indicated that the local outside opportunities and the scale of structural change largely determine 
the probability of occupational switching. Campos and Dabusinskas (2002) investigated the 
transition from a centrally economy planned to a market economy using data from the 1995 
Estonian Labour Force Survey. This process involved a process of massive occupational change.  
They found that between 35 and 50 percent of wage earners changed occupations from 1989 to 
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1995, and that job tenure is a consistently important determinant of occupational mobility. The 
results also showed that the returns to current and alternative occupations played increasingly 
important roles in explaining occupational change. Dan (2007) used the Tarki Hungarian Household 
Longitudinal Database to quantify the degree of occupational mobility in Hungary in the first years 
of transition, 1990-1997, and to check the hypothesis that structural change was its main driving 
force. The study found that approximately one third of the active labor force had changed 
occupations, most switches being associated with changes in the occupational composition of the 
labor force. Returns to the current occupation had a positive influence on the probability of 
occupational change, and the effect is consistent across time and different specifications. 
 
 
Empirical Findings 

 
Occupational mobility is an important characteristic of the labor market, because very few workers 
stay in exact the same initial profession throughout their entire working life. The interpretation of 
the derived statistical quantities, the occupancy or transition probabilities, pij, and thereby the 
corresponding expectancies, eij, is a somewhat  subtle or even moot matter. In lay terms, 
probability means 'proness', so that transition probability is a person’s inclination or disposition of 
moving. The estimated probabilities of transition from the profession at the first census to another 
increased statistically highly significantly over the entire study period 1995-2005. These patterns 
are compactly summarized in the model fitted probability surfaces. 
 
Statistics Finland provided recently a statistical report (HS, 2007) which indicated that general 
occupational mobility in the Finnish employed population has been increasing rapidly, and stated 
that it is believed to increase further at an accelerated rate. (Note that it is not possible to infer 
about acceleration rate if there are statistics only available from two time periods.) The percentage 
who changed occupation was 35.5 of 30-year employed persons in 1995-2000, whereas in the 
following quinquennial 2000-2005 the percentage was 41.7. These figures are roughly at the same 
level with our estimates for professionals (shown in Fig. 5.12). Moreover, our prediction for 2010 is 
in line with the anticipation that the trend will accelerate (Fig. 4.1.a).  
 
The predicted five-year transition proportion for female professionals for 2010 already attained 80 
percent at age 40 (Fig. 5.12, right panel). Although transition can further accelerate in absolute 
numbers, in relative terms there is a ceiling for proportion-type rates. Of course, transition 
incidence rates are not bounded like proportions. (The unit of transition incidence rate is inverse of 
population-time, that is the number of transition events observed among a population in a defined 
time interval, whether a year or five years.)  
 
The WLEs followed similar temporal patterns as probabilities. Remember that these are summary 
measures of the probabilities over the entire working career (see Equation 1) conditional on the 
individual being included in the 1995 census. The numerical differences in the estimates of the eij in 
the decennium 1995-2005 show the trend. For example, the expected future durations of 
occupancy in a second profession after transition from the first one for an 'average' (randomly 
chosen) 25-year old male employee belonging to the occupational class of Physical, mathematical 

and engineering science professionals were (Appendix 4 a): êM

12 (25,1995) = 19.6 yr, ê
M

12 (25,2005) 

= 20.7 yr, i.e. +1.1yr (+5.6%); while for a female it was (Appendix 4 b): êF

12(25,1995) = 20.5 yr, 

ê F

12(25,2005) = 21.1 yr, i.e. +0.6 yr (+2.9%). The general increase of working life expectancies for 
25-year old Finnish persons in the ten-year period 1996-2006 was 2.5 yr for males and 2.1 yr for 
females (Nurminen et al., 2005). Although these WLEs do not permit direct inferences, the 
increased occupational mobility may have contributed to an extended duration of working life, and 
thereby increased the size of the employed labor force in Finland, which grew by 14.4 percent in 
1995-2005. 
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Closing Remarks 

 
A person’s decision to change her or his occupation may, when heard the first time, sound like  
exceptional career move. Yet mobility is an increasingly frequent phenomenon in Finland. For many 
the reason for the transition to another profession is dictated by an economic necessity, for others 
the switch is a chance for career promotion. For the society, occupational mobility is a highly 
relevant issue of labor supply. Particularly in times of economic restructuring, the process 
inevitably involves changes in the labor market and ensuing occupational reallocation.  
 
In this model paper, the cohort follow-up results have been reported for the occupational class of 
physical, mathematical and engineering science professionals. One might assume that 
professionals representing the most educated class would not be as mobile as other people (being 
afraid of loss of human capital). Yet a major new finding is that Finnish professionals' propensity for 
occupational mobility has been increasing drastically from year 1995 to 2005, and it is predicted to 
increase further at an accelerated rate into the year 2010 and beyond. This pattern is informatively 
and compactly summarized in terms of the expected duration of occupancy in the initial profession 
before transition to another one.  
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Appendix 1. Classification scheme of occupations in Finland 2001.1 
 

 
1 Legislators, senior officials and managers 
2 Professionals 

 21 Physical, mathematical and engineering science professionals2 

 211 Physicists, chemists and related professionals 

 212 Mathematicians, statisticians and related professionals 

 213 Computing professionals 

 214 Architects and engineering science professionals 

22 Life science and health professionals 

23 Teaching professionals 

24 Other professionals 
 

3 Technicians and associate professionals 

4 Clerks 
5 Service and care workers, and shop and market sales workers 

6 Skilled agricultural and fishery workers 
7 Craft and related trades workers 
8 Plant and machine operators and assemblers 

9 Elementary occupations 
0 Armed forces 

 
__________________________________________________________________________ 
 
1 Source: http://www.tilastokeskus.fi/meta/luokitukset/ammatti/001-2001/index_en.html 
  There are a total of 27 occupational classes at the 2-digit level.  
2 The sub-population size of the occupational class 21 in the 1995 cohort was 68177. 
  The inflows to this class in the subsequent censuses of 2000, 2001 and 2005 were 
  41366, 40466, and 18953, respectively. 
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Appendix 2. Sampling scheme for the analysis of the multistate working life table. Number of members of the birth cohorts 
1931-1980 (age interval 15-64 years) who are in state i at age y and year t, li(y,t),1 were compiled from the Finnish 
Longitudinal Census Data Files 1995, 2000, 2004, and 2005. Occupational class (21): Physical, mathematical and engineering 
science professionals.2 

 

Age (y) 
years3 

Census year (t) 

19954 2000 2004 2005 

15 1980    

16 1979 

17 1978 

18 1977 

19 1976 

20 1975 1980 

21 1974 1979 

22 1973 1978 

23 1972 1977 

24 1971 1976 1980 

25 1970 1975 1979 1980 

26 1969 1974 1978 1979 

27 1968 1973 1977 1978 

28 1967 1972 1976 1977 

29 1966 1971 1975 1976 

30 1965 1970 1974 1975 

31 1964 1969 1973 1974 

32 1963 1968 1972 1973 

33 1962 1967 1971 1972 

34 1961 1966 1970 1971 

35 1960 1965 1969 1970 

36 1959 1964 1968 1969 

37 1958 1963 1967 1968 

38 1957 1962 1966 1967 

39 1956 1961 1965 1966 

40 1955 1960 1964 1965 

41 1954 1959 1963 1964 

42 1953 1958 1962 1963 

43 1952 1957 1961 1962 

44 1951 1956 1960 1961 

45 1950 1955 1959 1960 

46 1949 1954 1958 1959 

47 1948 1953 1957 1958 

48 1947 1952 1956 1957 

49 1946 1951 1955 1956 

50 1945 1950 1954 1955 

 
l1 = 1783 

l2= 56093 
l3 = 20195 

l4 = 0 

All = 78071 

   

51 1944 1949 1953 1954 

52 1943 1948 1952 1953 

53 1942 1947 1951 1952 

54 1941 1946 1950 1951 

55 1940 1945 1949 1950 

  
l1 = 1591 

l2= 52740 

l3 = 21761 

l4 = 1979 
All = 78071 

  

56 1939 1944 1948 1949 

57 1938 1943 1947 1948 

58 1937 1942 1946 1947 

59 1936 1941 1945
 

1946 

   

l1 = 1422 

l2= 39466 

l3 = 33094 

l4 = 4089 

All = 78071 

 

60 1935 1940 1944 1945 

   

 

l1 = 1292 

l2= 34598 

l3 = 37494 

l4 = 4687 

All = 78071
 

61 1934 1939 1943 1944 

62 1933 1938 1942 1943 

63 1932 1937 1941 1942 

64 1931 1936 1940 1941 
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_____________________________________________________________________________________________________________ 

 

1A total of 176 stochastic data vectors of the form, L(y,t) = {l1(y,t), l2(y,t), l3(y,t), l4(y,t)}', where: 
the element l1(y,t) = number of individuals employed in a given occupational class (herein 21) at 
the time of the 1995 census; l2(y,t) = number of individuals employed in an occupation different to 
the first one; l3(y,t) = other alive individuals (unemployed, students, conscripts, persons on old-age 
pension or disabilty pension, persons not enrollod in the census, etc.), l4(y,t)   = number of 
deceased persons. Complete data for all four census years were  available for 40 birth cohorts aged 
15 to 54 years in 1995. 
    
   Note that the set of individuals comprising a particular five-year age group in year t will intersect 
with this same age group for all years between t – 4 and t + 4. Therefore, in order to obtain  
observations on independent cohorts, only a subset of the available data could be used. 
Considering this, information from the above sources could be combined to obtain numbers of 
transitions from state i at (y,t) to state j at (t - 4, t + 4) for three independent cohorts t = 1995, 
2000, 2005 at ages y = 17, 22, 27, 32, 37, 42, 47, 52, the mid-points of the five-year intervals.
  
   The transition of individuals between the states can be followed down the diagonals of the table. 
The initial sizes of the 50 birth cohorts remain the same. For example, the total of the four 

frequencies of the vector L(60, 2005), that is ∑ 4

1i= li(60,2005) = 78,071, equals the corresponding 

total of diagonally preceding vector L(59, 2004). But the sum of the first three frequencies, ∑ 3

1i=

li(59,2004) = 76,092, diminishes to ∑ 3

1i= li(60,2005) = 73,982. This is because state i  = 4 is 
absorbing, and the death toll l4(59,2004) = 1,979 is not included in the follow-up count of the alive 
members of the birth cohort. 
 

2Based on the 2001 classification of occupations. 
 

3Shown only for the first and last two age intervals. 
 

4Initial cohort numbers. No follow-up information. 
 
 
 
 
 



61 

 

Appendix 3.  Some statistical theory on stochastic process analysis and inference. 
 
The following elements are extracted from the paper of Davis et al. (2007) presented in the 
Conference of the International Statistical Institute, 2007. 
 

 
Multistate Logistic Modeling 

  

The multistate logistic regression technique to be described follows the work of Davis et al. (2002).  
Suppose that a large sample of like individuals is observed at discrete times y = (y0, y1,..., yn). The 
time variable y will denote the age of the cohort members along a diagonal of Lexis plane. For a 
non-absorbing state i, let pij(yr,yr+1) be the conditional multi-step probability that an individual is in 
state j at age yr+1, given that (s)he was in state i at age y. Then for time interval (yr,yr+1) and 
transient state i, consider the log partial odds Θij of transition to state j≠i defined by 
  

  ( ) ( ) ( ){ }1 1 1, log , , , .ij r r ij r r ii r ry y p y y p y y j iθ + + += ≠  

 
Inverting the transform gives the transition probabilities: 
 

 
  
 
 
 
 
 
 
Note that for fixed time y and initial state i the probability pij of transition from state i to some one 

of the states j = 1,...,4 is equal to that of a multinomial distribution so that ∑
=

4

1j

ijp = 1. 

 

Parameter Estimation and Inference 
 

A non-parametric estimate of ( )1,ij r rp y y +  is ( ) ( ) ( )1 1, ,
ij r r ij r r i r

p y y l y y l y+ += % %% , where the random 

variables 
ijl
~
and il

~
denote respectively the observable numbers of lives (individuals) in i at yr and j 

at 1r
y + . Assuming that the Markov condition holds and that the l(0) individuals evolve 

independently, for fixed i the estimates 
ijθ

~
, j ≠ i, are, for large l(0), normally distributed with the 

means
ijθ and the covariance matrix V.  

 
Suppose the 1-step log-odds are modelled by a linear function of the parameters specified by 
 
 

 
 
where ( )jz i is a vector of explanatory (e.g. occupational) variables and ( )j iβ is a parameter vector 

to be estimated. The weighted least squares loss function, with weights specified by the inverse of 
the V, is given by 
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appropriate function of the one-step parameter vector β . Let ˆ ( )
j

iβ  denote the estimate of the 

vector ( )j iβ . Then ( )ˆ ˆ, 1
ij j j

y y (i) (i)θ ′+ = z β is a consistent estimate of ( )( ); , 1ij j i y yθ +β , with 

estimates ( )ˆ , 1ijp y y + of the one-step transition probabilities. The result follows: For large l(0) and 

y<u the random vector ( )ˆ ,i y up  of the ( )ˆ ,ijp y u  is approx. normally distributed with the mean

( ),i y up . 

 

 
Standard Error-based Confidence Interval 

Consider the linear combination  
( , 1)

( , 1) ( , , 1)=log .
( , 1)

ja

ij

j ij

j i j ii

p y y
a y y i y y
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 + 
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∑ ∏aθ  
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ˆ ( , 1)

ˆ ( , 1)
ˆ ( , 1)

ja

ij

i

j ii

p y y
g y y

p y y

+ 
+ =  

+ 
∏ has, asymptotically, a log-normal distribution.  

 

For comparison of ( ), 1imp y y +  and ( ), 1ikp y y + , take am  = 1, ak  = −1, and all other aj  zero, to 

obtain ( ) ( ){ } ( ) ( )( ), 1 , 1 exp , 1 , 1 .im ik im ikp y y p y y y y y yθ θ+ + = + − +  

 
Hence a large-sample 95% confidence interval for the ratio on the left side of the above equation is 

( ) ( )( )exp , 1 , 1 1.96im iky y y y sθ θ+ − + ± , where s is the standard error of  θim−θik . 

 

Expectancies 

For two ages (times) y and u, y < u and both less than the maximum age w, we first introduce the 
indicator function Iij(y, u) = 1, if a specific individual is in state j at age u given that (s)he was in 
state i at age y, and 0 otherwise. Then the future occupation time, Oi,j, and its expectancy, eij, for 
this individual are 

   
                                               

 
 
 
On the right hand side of the above equation 

i jδ  is equal to 1 if  i = j and zero otherwise, and the 

sum is the commonly used discrete-time expression for the expectancy based on the assumption 
that transitions occur in the middle of the year. A natural estimate of eij(y) is  
 
 
                       
 
The delta method yields: The random vector ˆ ( )i ye is, for large l(0), normally distributed with the 

mean ( )i ye .  
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Appendix 4 a. Estimates of male conditional working life expectancies, êij(y), with initial age y 
years, for the four states 1 = 'employed, index occupation', 2 = 'employed, other occupation', 3 = 
'other alive', and 4 = 'dead', for ages 25-64, and years 1995, 2000, 2005, and forecast for year 
2010, separately for both genders. 
________________________________________________________________________ 
 
Males, 1995 
 

Age y ê11(y) ê12(y) ê13(y) ê14(y) ê21(y) ê22(y) ê23(y) ê24(y) ê31(y) ê32(y) ê33(y) ê34(y) 
25 13.49 19.58 5.54 1.39 7.23 25.40 5.86 1.52 7.47 21.38 9.25 1.91 
26 13.08 18.96 5.56 1.39 6.69 24.88 5.90 1.53 6.86 20.69 9.47 1.98 
27 12.66 18.33 5.61 1.40 6.15 24.34 5.96 1.54 6.26 19.97 9.72 2.05 
28 12.25 17.68 5.68 1.40 5.63 23.78 6.04 1.55 5.69 19.21 9.98 2.13 
29 11.83 17.02 5.76 1.39 5.12 23.19 6.13 1.55 5.13 18.41 10.26 2.20 
30 11.42 16.35 5.84 1.39 4.64 22.58 6.23 1.56 4.60 17.59 10.54 2.27 
31 11.02 15.68 5.92 1.38 4.17 21.96 6.32 1.55 4.10 16.74 10.82 2.34 
32 10.64 15.01 5.99 1.36 3.73 21.32 6.40 1.54 3.62 15.87 11.10 2.41 
33 10.28 14.34 6.04 1.34 3.32 20.68 6.48 1.53 3.18 14.98 11.37 2.47 
34 9.94 13.66 6.08 1.32 2.93 20.02 6.54 1.51 2.76 14.08 11.63 2.53 
35 9.62 12.99 6.10 1.29 2.57 19.36 6.58 1.49 2.38 13.17 11.87 2.58 
36 9.32 12.32 6.11 1.26 2.25 18.69 6.60 1.46 2.04 12.25 12.09 2.62 
37 9.05 11.64 6.09 1.22 1.95 18.01 6.61 1.43 1.73 11.33 12.29 2.65 
38 8.80 10.98 6.05 1.18 1.69 17.32 6.60 1.39 1.46 10.42 12.45 2.67 
39 8.57 10.31 5.99 1.13 1.45 16.63 6.57 1.35 1.21 9.52 12.59 2.67 
40 8.36 9.64 5.91 1.09 1.24 15.94 6.52 1.30 1.00 8.64 12.69 2.67 
41 8.16 8.99 5.81 1.04 1.06 15.23 6.45 1.26 0.82 7.79 12.75 2.64 
42 7.98 8.33 5.70 0.99 0.90 14.52 6.37 1.20 0.67 6.96 12.76 2.60 
43 7.80 7.68 5.57 0.94 0.76 13.81 6.28 1.15 0.54 6.17 12.73 2.55 
44 7.63 7.05 5.44 0.88 0.64 13.10 6.17 1.09 0.43 5.43 12.66 2.48 
45 7.46 6.42 5.29 0.83 0.53 12.38 6.05 1.03 0.35 4.73 12.53 2.39 
46 7.28 5.81 5.13 0.78 0.44 11.66 5.92 0.97 0.28 4.09 12.34 2.29 
47 7.10 5.22 4.96 0.72 0.37 10.94 5.78 0.91 0.22 3.50 12.11 2.18 
48 6.90 4.64 4.79 0.67 0.30 10.22 5.62 0.85 0.17 2.96 11.81 2.05 
49 6.68 4.10 4.61 0.62 0.25 9.51 5.46 0.78 0.13 2.49 11.47 1.91 
50 6.44 3.58 4.42 0.56 0.20 8.81 5.28 0.72 0.10 2.06 11.07 1.77 
51 6.18 3.09 4.22 0.51 0.16 8.11 5.08 0.65 0.08 1.69 10.62 1.61 
52 5.89 2.64 4.01 0.46 0.13 7.42 4.87 0.59 0.06 1.37 10.11 1.46 
53 5.57 2.23 3.79 0.41 0.10 6.74 4.64 0.52 0.05 1.09 9.56 1.30 
54 5.23 1.85 3.56 0.36 0.08 6.08 4.39 0.46 0.04 0.86 8.96 1.14 
55 4.86 1.52 3.32 0.31 0.06 5.43 4.12 0.39 0.03 0.67 8.32 0.98 
56 4.46 1.22 3.06 0.26 0.05 4.81 3.82 0.33 0.02 0.51 7.64 0.83 
57 4.04 0.96 2.78 0.22 0.04 4.20 3.49 0.27 0.02 0.38 6.92 0.68 
58 3.61 0.74 2.48 0.17 0.03 3.63 3.13 0.21 0.01 0.28 6.17 0.54 
59 3.15 0.55 2.16 0.13 0.02 3.08 2.74 0.16 0.01 0.20 5.38 0.42 
60 2.69 0.40 1.82 0.09 0.01 2.56 2.31 0.11 0.01 0.13 4.56 0.31 
61 2.22 0.27 1.45 0.06 0.01 2.07 1.85 0.07 0.00 0.09 3.70 0.21 
62 1.74 0.17 1.06 0.03 0.00 1.60 1.36 0.04 0.00 0.05 2.82 0.13 
63 1.24 0.09 0.66 0.02 0.00 1.13 0.85 0.02 0.00 0.03 1.91 0.07 
64 0.68 0.03 0.28 0.00 0.00 0.63 0.37 0.00 0.00 0.01 0.97 0.02 
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Males, 2000 
 

Age y ê11(y) ê12(y) ê13(y) ê14(y) ê21(y) ê22(y) ê23(y) ê24(y) ê31(y) ê32(y) ê33(y) ê34(y) 
25 13.16 20.64 4.99 1.21 9.71 23.64 5.36 1.29 9.64 21.06 7.69 1.60 
26 12.74 20.13 4.91 1.22 9.18 23.24 5.28 1.31 9.08 20.51 7.76 1.66 
27 12.31 19.60 4.87 1.22 8.64 22.80 5.24 1.32 8.51 19.91 7.87 1.72 

28 11.86 19.04 4.87 1.23 8.11 22.33 5.23 1.33 7.94 19.27 8.01 1.78 
29 11.40 18.46 4.90 1.24 7.57 21.82 5.26 1.34 7.38 18.59 8.19 1.85 
30 10.94 17.86 4.96 1.24 7.04 21.29 5.32 1.35 6.82 17.88 8.39 1.91 
31 10.48 17.24 5.04 1.25 6.51 20.73 5.40 1.36 6.26 17.13 8.62 1.98 
32 10.02 16.60 5.13 1.25 5.99 20.15 5.49 1.37 5.72 16.36 8.87 2.04 

33 9.56 15.95 5.23 1.25 5.48 19.55 5.60 1.37 5.19 15.57 9.14 2.11 
34 9.12 15.30 5.34 1.24 4.99 18.94 5.71 1.37 4.67 14.75 9.41 2.17 
35 8.69 14.64 5.44 1.23 4.51 18.31 5.82 1.36 4.17 13.92 9.68 2.22 
36 8.28 13.97 5.53 1.22 4.05 17.67 5.92 1.35 3.70 13.08 9.95 2.27 
37 7.89 13.31 5.61 1.20 3.62 17.03 6.01 1.34 3.25 12.23 10.21 2.31 
38 7.52 12.64 5.67 1.17 3.21 16.38 6.09 1.32 2.83 11.37 10.45 2.34 
39 7.17 11.97 5.71 1.14 2.83 15.73 6.14 1.29 2.44 10.52 10.67 2.36 
40 6.85 11.31 5.73 1.11 2.48 15.07 6.18 1.26 2.08 9.67 10.87 2.37 
41 6.55 10.65 5.73 1.07 2.16 14.41 6.20 1.23 1.76 8.84 11.03 2.37 
42 6.28 9.99 5.70 1.03 1.87 13.75 6.19 1.19 1.47 8.02 11.16 2.35 
43 6.03 9.34 5.65 0.98 1.61 13.09 6.16 1.14 1.22 7.23 11.25 2.31 
44 5.80 8.69 5.57 0.93 1.38 12.42 6.11 1.09 1.00 6.46 11.29 2.26 
45 5.59 8.05 5.47 0.88 1.17 11.75 6.04 1.04 0.81 5.72 11.28 2.19 
46 5.40 7.41 5.36 0.83 0.99 11.08 5.94 0.98 0.65 5.03 11.22 2.11 
47 5.22 6.79 5.22 0.77 0.84 10.42 5.82 0.92 0.51 4.38 11.10 2.01 
48 5.05 6.17 5.07 0.71 0.70 9.75 5.69 0.86 0.40 3.77 10.92 1.90 
49 4.88 5.56 4.90 0.66 0.58 9.09 5.53 0.80 0.31 3.22 10.69 1.78 
50 4.72 4.97 4.71 0.60 0.48 8.43 5.36 0.73 0.24 2.71 10.40 1.65 
51 4.55 4.40 4.52 0.54 0.40 7.78 5.16 0.67 0.18 2.26 10.05 1.51 
52 4.36 3.85 4.30 0.48 0.32 7.13 4.95 0.60 0.14 1.86 9.64 1.37 
53 4.17 3.32 4.08 0.43 0.26 6.50 4.71 0.53 0.10 1.51 9.17 1.22 
54 3.96 2.83 3.84 0.37 0.21 5.88 4.45 0.46 0.08 1.21 8.65 1.07 
55 3.73 2.37 3.58 0.32 0.16 5.28 4.16 0.40 0.06 0.95 8.07 0.92 
56 3.48 1.95 3.30 0.27 0.13 4.69 3.85 0.33 0.04 0.73 7.45 0.78 
57 3.20 1.57 3.01 0.22 0.10 4.12 3.50 0.27 0.03 0.55 6.77 0.64 
58 2.90 1.23 2.69 0.18 0.07 3.58 3.13 0.22 0.02 0.41 6.06 0.51 
59 2.59 0.94 2.34 0.13 0.05 3.06 2.73 0.16 0.02 0.29 5.30 0.39 
60 2.25 0.69 1.97 0.09 0.04 2.56 2.29 0.11 0.01 0.20 4.50 0.29 
61 1.89 0.47 1.57 0.06 0.02 2.08 1.82 0.07 0.01 0.13 3.67 0.20 
62 1.51 0.30 1.15 0.03 0.02 1.62 1.32 0.04 0.00 0.08 2.80 0.12 
63 1.10 0.17 0.72 0.01 0.01 1.15 0.82 0.02 0.00 0.04 1.90 0.06 
64 0.63 0.06 0.31 0.00 0.00 0.64 0.35 0.00 0.00 0.01 0.97 0.02 
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Males, 2005 
 

Age y ê11(y) ê12(y) ê13(y) ê14(y) ê21(y) ê22(y) ê23(y) ê24(y) ê31(y) ê32(y) ê33(y) ê34(y) 
25 13.57 20.68 4.72 1.02 11.92 21.85 5.14 1.09 11.71 20.37 6.60 1.32 
26 13.17 20.30 4.51 1.02 11.45 21.55 4.92 1.09 11.21 19.93 6.51 1.36 
27 12.75 19.88 4.35 1.02 10.96 21.21 4.74 1.09 10.70 19.44 6.46 1.40 

28 12.31 19.43 4.23 1.02 10.46 20.83 4.61 1.10 10.18 18.92 6.46 1.44 
29 11.86 18.95 4.16 1.03 9.96 20.41 4.53 1.10 9.65 18.36 6.50 1.49 
30 11.40 18.44 4.13 1.03 9.45 19.96 4.48 1.11 9.12 17.77 6.58 1.54 
31 10.93 17.91 4.13 1.04 8.93 19.48 4.47 1.12 8.57 17.14 6.69 1.60 
32 10.45 17.35 4.16 1.04 8.41 18.98 4.49 1.13 8.03 16.48 6.84 1.65 

33 9.97 16.77 4.21 1.05 7.88 18.45 4.53 1.14 7.48 15.80 7.01 1.71 
34 9.49 16.17 4.29 1.05 7.36 17.89 4.60 1.14 6.94 15.09 7.21 1.76 
35 9.01 15.55 4.38 1.06 6.84 17.32 4.70 1.15 6.39 14.35 7.44 1.82 
36 8.53 14.93 4.49 1.06 6.32 16.73 4.80 1.15 5.85 13.60 7.68 1.87 
37 8.06 14.29 4.60 1.05 5.81 16.12 4.92 1.15 5.32 12.82 7.94 1.92 
38 7.59 13.64 4.71 1.05 5.31 15.51 5.04 1.15 4.80 12.04 8.20 1.96 
39 7.14 13.00 4.83 1.03 4.83 14.88 5.15 1.14 4.30 11.25 8.46 1.99 
40 6.71 12.34 4.93 1.02 4.36 14.25 5.26 1.13 3.81 10.45 8.72 2.01 
41 6.29 11.69 5.02 1.00 3.91 13.62 5.36 1.11 3.35 9.66 8.97 2.02 
42 5.90 11.04 5.09 0.97 3.48 12.98 5.45 1.08 2.92 8.87 9.19 2.02 
43 5.52 10.39 5.14 0.94 3.09 12.35 5.51 1.06 2.51 8.09 9.39 2.01 
44 5.18 9.75 5.17 0.91 2.71 11.71 5.55 1.02 2.13 7.33 9.55 1.98 
45 4.85 9.12 5.17 0.87 2.37 11.08 5.57 0.98 1.79 6.59 9.68 1.94 
46 4.56 8.49 5.14 0.82 2.05 10.45 5.55 0.94 1.48 5.88 9.75 1.88 
47 4.28 7.86 5.08 0.77 1.77 9.83 5.51 0.89 1.21 5.20 9.77 1.81 
48 4.04 7.25 4.99 0.72 1.51 9.21 5.44 0.84 0.98 4.56 9.74 1.72 
49 3.81 6.64 4.88 0.67 1.29 8.59 5.34 0.78 0.78 3.96 9.64 1.62 
50 3.60 6.05 4.74 0.61 1.09 7.98 5.21 0.72 0.61 3.40 9.48 1.51 
51 3.41 5.46 4.58 0.55 0.91 7.38 5.05 0.66 0.47 2.88 9.26 1.39 
52 3.23 4.89 4.39 0.50 0.76 6.79 4.86 0.59 0.36 2.42 8.96 1.26 
53 3.06 4.33 4.18 0.44 0.62 6.20 4.64 0.53 0.27 2.00 8.61 1.13 
54 2.89 3.78 3.94 0.38 0.51 5.63 4.39 0.46 0.20 1.63 8.18 0.99 
55 2.72 3.26 3.69 0.33 0.41 5.07 4.11 0.40 0.15 1.30 7.70 0.86 
56 2.55 2.76 3.41 0.27 0.33 4.53 3.80 0.34 0.10 1.02 7.15 0.72 
57 2.37 2.29 3.11 0.22 0.26 4.00 3.46 0.27 0.07 0.79 6.54 0.60 
58 2.18 1.86 2.78 0.18 0.20 3.50 3.09 0.22 0.05 0.59 5.88 0.48 
59 1.98 1.46 2.43 0.13 0.15 3.01 2.68 0.16 0.03 0.43 5.17 0.37 
60 1.76 1.10 2.05 0.09 0.11 2.54 2.24 0.12 0.02 0.29 4.42 0.27 
61 1.52 0.78 1.64 0.06 0.08 2.08 1.77 0.07 0.01 0.19 3.61 0.18 
62 1.25 0.51 1.20 0.03 0.05 1.63 1.28 0.04 0.01 0.11 2.77 0.11 
63 0.94 0.29 0.75 0.01 0.03 1.17 0.79 0.02 0.00 0.06 1.88 0.06 
64 0.56 0.11 0.33 0.00 0.01 0.65 0.33 0.00 0.00 0.02 0.96 0.02 
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Males, 2010 
 

Age y ê11(y) ê12(y) ê13(y) ê14(y) ê21(y) ê22(y) ê23(y) ê24(y) ê31(y) ê32(y) ê33(y) ê34(y) 
25 14.45 20.19 4.52 0.85 13.76 20.36 4.98 0.90 13.51 19.65 5.76 1.08 
26 14.08 19.87 4.22 0.83 13.36 20.09 4.66 0.89 13.08 19.26 5.56 1.09 
27 13.69 19.52 3.97 0.82 12.95 19.79 4.38 0.88 12.63 18.85 5.40 1.12 
28 13.28 19.14 3.76 0.81 12.51 19.46 4.16 0.88 12.17 18.40 5.29 1.14 
29 12.87 18.73 3.60 0.81 12.07 19.10 3.97 0.87 11.70 17.92 5.21 1.17 
30 12.43 18.29 3.47 0.81 11.61 18.71 3.82 0.87 11.21 17.42 5.17 1.20 
31 11.99 17.83 3.38 0.80 11.13 18.29 3.71 0.87 10.71 16.88 5.17 1.24 
32 11.53 17.35 3.32 0.80 10.65 17.85 3.63 0.87 10.20 16.32 5.20 1.27 
33 11.07 16.84 3.28 0.81 10.16 17.38 3.58 0.87 9.69 15.73 5.26 1.32 
34 10.59 16.31 3.28 0.81 9.66 16.89 3.57 0.88 9.16 15.12 5.36 1.36 
35 10.12 15.77 3.30 0.81 9.16 16.38 3.58 0.88 8.63 14.49 5.48 1.40 
36 9.63 15.20 3.35 0.82 8.65 15.84 3.62 0.89 8.09 13.83 5.63 1.45 
37 9.14 14.62 3.42 0.82 8.14 15.29 3.68 0.89 7.55 13.15 5.81 1.49 
38 8.65 14.03 3.50 0.82 7.62 14.72 3.76 0.89 7.01 12.45 6.01 1.53 
39 8.16 13.42 3.60 0.82 7.10 14.14 3.86 0.90 6.47 11.74 6.23 1.56 
40 7.68 12.81 3.70 0.82 6.59 13.55 3.97 0.89 5.93 11.02 6.46 1.59 
41 7.19 12.18 3.81 0.81 6.08 12.95 4.08 0.89 5.39 10.28 6.71 1.62 
42 6.72 11.55 3.93 0.80 5.58 12.34 4.20 0.88 4.87 9.54 6.95 1.63 
43 6.25 10.92 4.04 0.79 5.09 11.72 4.31 0.87 4.35 8.81 7.20 1.64 
44 5.80 10.29 4.14 0.77 4.62 11.11 4.42 0.85 3.85 8.07 7.44 1.64 
45 5.36 9.67 4.22 0.75 4.16 10.49 4.52 0.83 3.38 7.35 7.66 1.62 
46 4.94 9.05 4.29 0.72 3.72 9.88 4.59 0.81 2.92 6.64 7.85 1.59 
47 4.55 8.43 4.33 0.69 3.30 9.28 4.64 0.78 2.50 5.95 8.01 1.54 
48 4.17 7.83 4.35 0.65 2.91 8.68 4.67 0.74 2.11 5.28 8.12 1.49 
49 3.82 7.23 4.33 0.61 2.55 8.09 4.67 0.70 1.75 4.65 8.18 1.41 
50 3.50 6.65 4.28 0.57 2.21 7.51 4.63 0.65 1.43 4.05 8.18 1.33 
51 3.20 6.07 4.20 0.52 1.90 6.94 4.55 0.60 1.15 3.50 8.12 1.23 
52 2.93 5.51 4.09 0.47 1.63 6.38 4.44 0.55 0.91 2.98 7.98 1.13 
53 2.68 4.96 3.94 0.42 1.38 5.84 4.29 0.49 0.70 2.51 7.77 1.02 
54 2.45 4.43 3.76 0.37 1.16 5.31 4.10 0.44 0.53 2.08 7.49 0.90 
55 2.23 3.90 3.54 0.32 0.96 4.79 3.87 0.38 0.40 1.70 7.13 0.78 
56 2.04 3.40 3.30 0.27 0.79 4.29 3.60 0.32 0.29 1.36 6.69 0.66 
57 1.85 2.91 3.02 0.22 0.64 3.80 3.29 0.26 0.20 1.06 6.19 0.55 
58 1.68 2.44 2.72 0.17 0.51 3.34 2.94 0.21 0.14 0.81 5.61 0.44 
59 1.51 1.99 2.38 0.13 0.40 2.88 2.56 0.16 0.09 0.60 4.97 0.34 
60 1.34 1.56 2.01 0.09 0.30 2.45 2.13 0.11 0.06 0.42 4.27 0.25 
61 1.16 1.16 1.62 0.06 0.22 2.02 1.68 0.08 0.03 0.28 3.52 0.17 
62 0.98 0.80 1.19 0.03 0.15 1.59 1.21 0.04 0.02 0.17 2.71 0.10 
63 0.76 0.47 0.75 0.01 0.09 1.15 0.74 0.02 0.01 0.09 1.85 0.05 
64 0.47 0.19 0.33 0.00 0.04 0.65 0.31 0.01 0.00 0.03 0.95 0.02 
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Appendix 4 b. Estimates of female conditional working life expectancies, êij(y), with initial age y 
years, for the four states 1 = employed, index occupation’, 2 = ‘employed, other occupation’, 3 = 
‘other alive’, and 4 = ‘dead’, for ages 25-64, and years 1995, 2000, 2005, and forecast for year 
2010, separately for both genders. 
________________________________________________________________________ 
 
Females, 1995 
 

Age y ê11(y) ê12(y) ê13(y) ê14(y) ê21(y) ê22(y) ê23(y) ê24(y) ê31(y) ê32(y) ê33(y) ê34(y) 
25 9.52 20.52 9.04 0.91 3.74 25.81 9.61 0.84 3.76 22.59 12.74 0.92 
26 9.40 19.91 8.77 0.91 3.37 25.50 9.29 0.84 3.38 22.13 12.55 0.94 
27 9.27 19.28 8.54 0.91 3.00 25.14 9.02 0.84 3.01 21.63 12.41 0.95 
28 9.12 18.63 8.34 0.90 2.65 24.72 8.79 0.84 2.66 21.08 12.29 0.97 
29 8.98 17.95 8.17 0.89 2.33 24.25 8.58 0.84 2.33 20.48 12.20 0.99 
 30 8.84 17.26 8.02 0.88 2.02 23.73 8.41 0.84 2.02 19.83 12.14 1.01 
31 8.70 16.55 7.88 0.87 1.73 23.18 8.26 0.83 1.74 19.13 12.11 1.03 
32 8.56 15.82 7.76 0.86 1.48 22.58 8.12 0.82 1.47 18.38 12.11 1.04 
33 8.44 15.08 7.64 0.84 1.24 21.95 8.00 0.81 1.24 17.57 12.13 1.06 
34 8.33 14.32 7.53 0.82 1.04 21.28 7.89 0.79 1.03 16.72 12.17 1.08 
35 8.23 13.54 7.42 0.80 0.86 20.57 7.79 0.78 0.85 15.82 12.24 1.09 
36 8.15 12.76 7.32 0.77 0.70 19.84 7.69 0.76 0.69 14.88 12.32 1.11 
37 8.07 11.97 7.21 0.75 0.57 19.09 7.60 0.74 0.56 13.90 12.42 1.12 
38 8.00 11.19 7.09 0.72 0.47 18.32 7.50 0.72 0.45 12.89 12.52 1.13 
39 7.93 10.41 6.96 0.70 0.38 17.53 7.40 0.69 0.36 11.87 12.63 1.14 
40 7.86 9.64 6.83 0.67 0.31 16.74 7.29 0.67 0.28 10.83 12.74 1.15 
41 7.79 8.89 6.67 0.64 0.25 15.94 7.18 0.64 0.22 9.80 12.84 1.14 
42 7.71 8.16 6.51 0.61 0.20 15.13 7.06 0.61 0.18 8.78 12.91 1.14 
43 7.63 7.46 6.33 0.58 0.16 14.33 6.93 0.58 0.14 7.78 12.96 1.12 
44 7.53 6.79 6.13 0.56 0.13 13.53 6.80 0.55 0.11 6.83 12.96 1.10 
45 7.42 6.14 5.91 0.53 0.10 12.74 6.65 0.51 0.08 5.93 12.92 1.07 
46 7.29 5.53 5.68 0.50 0.08 11.95 6.49 0.48 0.06 5.08 12.82 1.03 
47 7.14 4.96 5.43 0.47 0.06 11.17 6.32 0.45 0.05 4.31 12.66 0.99 
48 6.98 4.42 5.16 0.45 0.05 10.40 6.14 0.41 0.04 3.60 12.43 0.93 
49 6.80 3.91 4.87 0.42 0.04 9.64 5.94 0.38 0.03 2.98 12.12 0.87 
50 6.59 3.44 4.57 0.40 0.03 8.89 5.74 0.34 0.02 2.43 11.75 0.81 
51 6.37 3.01 4.25 0.37 0.02 8.16 5.51 0.31 0.02 1.95 11.30 0.73 
52 6.12 2.61 3.92 0.35 0.02 7.44 5.27 0.27 0.01 1.54 10.78 0.66 
53 5.85 2.24 3.59 0.32 0.01 6.73 5.01 0.24 0.01 1.20 10.20 0.59 
54 5.55 1.91 3.24 0.30 0.01 6.05 4.73 0.21 0.01 0.92 9.56 0.51 
55 5.23 1.60 2.89 0.28 0.01 5.39 4.43 0.18 0.00 0.70 8.86 0.44 
56 4.88 1.33 2.53 0.25 0.01 4.75 4.10 0.15 0.00 0.52 8.12 0.36 
57 4.51 1.09 2.18 0.23 0.00 4.14 3.74 0.12 0.00 0.37 7.33 0.30 
58 4.10 0.87 1.83 0.20 0.00 3.56 3.35 0.09 0.00 0.26 6.50 0.23 
59 3.66 0.68 1.48 0.17 0.00 3.01 2.92 0.07 0.00 0.18 5.64 0.18 
60 3.19 0.51 1.15 0.14 0.00 2.49 2.46 0.05 0.00 0.12 4.75 0.13 
61 2.68 0.37 0.84 0.11 0.00 2.00 1.97 0.03 0.00 0.07 3.84 0.09 
62 2.12 0.24 0.55 0.08 0.00 1.54 1.44 0.02 0.00 0.04 2.91 0.05 
63 1.51 0.14 0.31 0.05 0.00 1.09 0.91 0.01 0.00 0.02 1.95 0.03 
64 0.81 0.06 0.11 0.02 0.00 0.61 0.39 0.00 0.00 0.01 0.98 0.00 
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Females, 2000 
 

Age y ê11(y) ê12(y) ê13(y) ê14(y) ê21(y) ê22(y) ê23(y) ê24(y) ê31(y) ê32(y) ê33(y) ê34(y) 
25 8.65 21.34 9.19 0.81 5.72 23.82 9.72 0.74 5.70 21.96 11.55 0.80 
26 8.42 20.88 8.89 0.82 5.30 23.59 9.37 0.75 5.28 21.58 11.32 0.82 
27 8.17 20.37 8.63 0.82 4.88 23.30 9.06 0.75 4.86 21.16 11.14 0.84 
28 7.93 19.83 8.42 0.82 4.47 22.96 8.81 0.76 4.45 20.70 10.99 0.86 
29 7.68 19.27 8.23 0.82 4.07 22.58 8.59 0.76 4.04 20.20 10.88 0.88 
30 7.43 18.67 8.08 0.82 3.68 22.15 8.40 0.77 3.65 19.66 10.79 0.90 
31 7.18 18.06 7.94 0.82 3.31 21.69 8.23 0.77 3.27 19.09 10.72 0.92 
32 6.94 17.43 7.81 0.81 2.94 21.20 8.09 0.77 2.91 18.47 10.68 0.94 
33 6.72 16.78 7.70 0.81 2.60 20.68 7.96 0.76 2.56 17.83 10.66 0.96 
34 6.50 16.11 7.59 0.80 2.27 20.13 7.84 0.76 2.23 17.14 10.65 0.98 
35 6.29 15.43 7.49 0.78 1.97 19.55 7.73 0.75 1.92 16.41 10.67 1.00 
36 6.10 14.73 7.40 0.77 1.69 18.94 7.63 0.74 1.64 15.65 10.70 1.01 
37 5.93 14.01 7.31 0.75 1.43 18.31 7.54 0.73 1.38 14.84 10.75 1.03 
38 5.77 13.28 7.21 0.73 1.20 17.64 7.44 0.71 1.15 13.99 10.82 1.04 
39 5.64 12.53 7.12 0.71 1.00 16.95 7.35 0.69 0.94 13.10 10.91 1.05 
40 5.52 11.77 7.03 0.68 0.82 16.24 7.26 0.67 0.76 12.18 11.00 1.06 
41 5.41 11.00 6.92 0.66 0.67 15.51 7.17 0.65 0.61 11.22 11.10 1.07 
42 5.32 10.23 6.81 0.63 0.54 14.76 7.07 0.62 0.48 10.25 11.20 1.07 
43 5.24 9.47 6.69 0.60 0.44 14.00 6.96 0.60 0.38 9.27 11.30 1.06 
44 5.17 8.71 6.55 0.57 0.35 13.24 6.84 0.57 0.29 8.29 11.37 1.05 
45 5.10 7.97 6.40 0.54 0.28 12.47 6.72 0.54 0.22 7.34 11.42 1.03 
46 5.02 7.24 6.23 0.50 0.22 11.70 6.57 0.50 0.17 6.41 11.42 1.00 
47 4.95 6.54 6.04 0.47 0.18 10.94 6.42 0.47 0.12 5.54 11.38 0.96 
48 4.86 5.87 5.83 0.44 0.14 10.18 6.24 0.44 0.09 4.71 11.28 0.91 
49 4.76 5.24 5.59 0.41 0.11 9.43 6.06 0.40 0.07 3.96 11.11 0.86 
50 4.66 4.63 5.34 0.37 0.09 8.70 5.85 0.36 0.05 3.28 10.87 0.80 
51 4.53 4.07 5.06 0.34 0.07 7.98 5.62 0.33 0.03 2.67 10.56 0.73 
52 4.39 3.54 4.75 0.31 0.05 7.28 5.38 0.29 0.02 2.15 10.17 0.66 
53 4.24 3.06 4.43 0.28 0.04 6.59 5.11 0.26 0.02 1.70 9.70 0.59 
54 4.06 2.61 4.08 0.25 0.03 5.93 4.82 0.22 0.01 1.32 9.16 0.51 
55 3.87 2.20 3.71 0.22 0.02 5.28 4.50 0.19 0.01 1.00 8.55 0.44 
56 3.65 1.84 3.32 0.19 0.02 4.67 4.16 0.16 0.01 0.75 7.88 0.37 
57 3.41 1.51 2.92 0.17 0.01 4.08 3.79 0.13 0.00 0.55 7.15 0.30 
58 3.15 1.21 2.50 0.14 0.01 3.51 3.38 0.10 0.00 0.39 6.37 0.24 
59 2.86 0.95 2.08 0.11 0.01 2.98 2.94 0.07 0.00 0.27 5.55 0.18 
60 2.54 0.72 1.65 0.09 0.00 2.48 2.47 0.05 0.00 0.18 4.69 0.13 
61 2.18 0.52 1.23 0.07 0.00 2.00 1.96 0.03 0.00 0.11 3.80 0.09 
62 1.77 0.35 0.83 0.05 0.00 1.55 1.43 0.02 0.00 0.06 2.89 0.05 
63 1.30 0.20 0.47 0.03 0.00 1.10 0.89 0.01 0.00 0.03 1.94 0.03 
64 0.73 0.08 0.18 0.01 0.00 0.61 0.38 0.00 0.00 0.01 0.98 0.01 
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Females, 2005 
 

Age y ê11(y) ê12(y) ê13(y) ê14(y) ê21(y) ê22(y) ê23(y) ê24(y) ê31(y) ê32(y) ê33(y) ê34(y) 
25 9.04 21.14 9.13 0.68 7.78 21.96 9.63 0.63 7.75 21.04 10.54 0.67 
26 8.73 20.80 8.78 0.69 7.36 21.77 9.24 0.64 7.32 20.72 10.27 0.69 
27 8.40 20.41 8.49 0.69 6.93 21.52 8.90 0.64 6.89 20.35 10.04 0.71 
28 8.07 19.97 8.25 0.70 6.51 21.22 8.62 0.65 6.46 19.94 9.87 0.73 
29 7.74 19.50 8.06 0.70 6.08 20.88 8.38 0.66 6.03 19.50 9.72 0.75 
30 7.41 18.99 7.89 0.71 5.66 20.50 8.18 0.66 5.60 19.01 9.62 0.77 
31 7.08 18.45 7.76 0.71 5.23 20.08 8.02 0.67 5.18 18.50 9.54 0.79 
32 6.75 17.89 7.64 0.71 4.82 19.63 7.88 0.67 4.75 17.95 9.48 0.81 
33 6.43 17.32 7.55 0.71 4.41 19.16 7.76 0.68 4.34 17.38 9.45 0.83 
34 6.11 16.72 7.46 0.71 4.01 18.66 7.65 0.68 3.94 16.79 9.43 0.85 
35 5.80 16.11 7.37 0.71 3.62 18.15 7.55 0.68 3.54 16.16 9.42 0.87 
36 5.51 15.49 7.30 0.71 3.24 17.61 7.46 0.68 3.16 15.51 9.43 0.89 
37 5.23 14.85 7.22 0.70 2.88 17.07 7.38 0.68 2.80 14.84 9.45 0.91 
38 4.96 14.21 7.14 0.69 2.54 16.50 7.29 0.67 2.45 14.14 9.48 0.93 
39 4.71 13.55 7.07 0.68 2.22 15.92 7.21 0.66 2.12 13.41 9.52 0.94 
40 4.47 12.88 6.99 0.66 1.91 15.32 7.12 0.65 1.82 12.65 9.58 0.95 
41 4.26 12.20 6.90 0.64 1.63 14.70 7.04 0.63 1.53 11.86 9.64 0.96 
42 4.06 11.50 6.82 0.62 1.38 14.06 6.95 0.61 1.27 11.04 9.72 0.97 
43 3.89 10.79 6.73 0.60 1.15 13.40 6.85 0.59 1.04 10.19 9.80 0.97 
44 3.74 10.07 6.63 0.57 0.95 12.73 6.75 0.57 0.84 9.32 9.88 0.97 
45 3.60 9.34 6.52 0.54 0.78 12.04 6.64 0.54 0.66 8.44 9.95 0.95 
46 3.49 8.60 6.40 0.51 0.63 11.34 6.52 0.51 0.51 7.55 10.00 0.93 
47 3.39 7.88 6.26 0.48 0.51 10.63 6.38 0.48 0.39 6.67 10.03 0.91 
48 3.30 7.15 6.11 0.45 0.40 9.92 6.23 0.45 0.29 5.81 10.02 0.87 
49 3.21 6.45 5.93 0.41 0.32 9.20 6.06 0.42 0.22 4.99 9.97 0.83 
50 3.13 5.76 5.73 0.37 0.25 8.50 5.87 0.38 0.16 4.22 9.85 0.77 
51 3.05 5.10 5.51 0.34 0.20 7.81 5.65 0.34 0.11 3.51 9.66 0.72 
52 2.96 4.48 5.26 0.30 0.15 7.12 5.41 0.31 0.08 2.88 9.40 0.65 
53 2.87 3.89 4.98 0.27 0.12 6.46 5.15 0.27 0.05 2.31 9.05 0.58 
54 2.77 3.34 4.66 0.23 0.09 5.81 4.86 0.24 0.04 1.82 8.63 0.51 
55 2.65 2.83 4.32 0.20 0.07 5.19 4.54 0.20 0.02 1.41 8.13 0.44 
56 2.52 2.36 3.94 0.17 0.05 4.59 4.19 0.17 0.02 1.07 7.55 0.37 
57 2.38 1.94 3.54 0.14 0.04 4.02 3.81 0.13 0.01 0.79 6.90 0.30 
58 2.22 1.57 3.10 0.11 0.03 3.47 3.39 0.10 0.01 0.57 6.19 0.24 
59 2.04 1.23 2.64 0.09 0.02 2.96 2.95 0.08 0.00 0.39 5.42 0.18 
60 1.85 0.94 2.15 0.06 0.01 2.47 2.47 0.05 0.00 0.26 4.61 0.13 
61 1.62 0.68 1.65 0.04 0.01 2.00 1.96 0.03 0.00 0.16 3.75 0.09 
62 1.36 0.46 1.15 0.03 0.01 1.55 1.42 0.02 0.00 0.09 2.85 0.05 
63 1.04 0.27 0.68 0.01 0.00 1.11 0.88 0.01 0.00 0.05 1.93 0.03 
64 0.61 0.11 0.27 0.01 0.00 0.62 0.38 0.00 0.00 0.02 0.98 0.01 
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Females, 2010 
 

Age y ê11(y) ê12(y) ê13(y) ê14(y) ê21(y) ê22(y) ê23(y) ê24(y) ê31(y) ê32(y) ê33(y) ê34(y) 
25 10.21 20.38 8.86 0.55 9.73 20.40 9.35 0.52 9.70 20.07 9.67 0.55 
26 9.87 20.10 8.48 0.55 9.35 20.19 8.93 0.52 9.31 19.77 9.35 0.57 
27 9.51 19.77 8.16 0.56 8.95 19.95 8.57 0.53 8.91 19.43 9.08 0.58 
28 9.15 19.40 7.89 0.56 8.55 19.66 8.26 0.53 8.50 19.05 8.86 0.59 
29 8.79 18.98 7.66 0.56 8.14 19.33 7.99 0.54 8.08 18.64 8.68 0.61 
30 8.42 18.54 7.48 0.57 7.72 18.97 7.77 0.55 7.65 18.19 8.54 0.63 
31 8.04 18.06 7.33 0.57 7.29 18.57 7.59 0.55 7.22 17.71 8.43 0.64 
32 7.66 17.55 7.21 0.58 6.86 18.14 7.44 0.56 6.78 17.20 8.36 0.66 
33 7.28 17.02 7.12 0.58 6.43 17.68 7.32 0.56 6.34 16.66 8.31 0.68 
34 6.90 16.47 7.05 0.59 6.00 17.20 7.23 0.57 5.91 16.10 8.29 0.70 
35 6.52 15.90 6.99 0.59 5.57 16.70 7.15 0.58 5.47 15.52 8.28 0.72 
36 6.15 15.32 6.94 0.59 5.15 16.19 7.08 0.58 5.04 14.92 8.29 0.74 
37 5.79 14.73 6.89 0.59 4.73 15.66 7.02 0.58 4.62 14.31 8.31 0.76 
38 5.43 14.13 6.85 0.59 4.32 15.13 6.97 0.58 4.20 13.68 8.34 0.78 
39 5.08 13.53 6.80 0.59 3.92 14.59 6.91 0.58 3.79 13.03 8.37 0.80 
40 4.75 12.92 6.75 0.59 3.53 14.04 6.85 0.58 3.39 12.37 8.42 0.82 
41 4.42 12.30 6.70 0.58 3.15 13.48 6.79 0.57 3.01 11.70 8.46 0.83 
42 4.12 11.68 6.64 0.57 2.80 12.92 6.72 0.56 2.64 11.00 8.51 0.84 
43 3.83 11.05 6.57 0.55 2.46 12.35 6.64 0.55 2.29 10.29 8.56 0.85 
44 3.55 10.42 6.49 0.54 2.14 11.77 6.56 0.54 1.96 9.57 8.62 0.85 
45 3.30 9.78 6.41 0.52 1.84 11.18 6.46 0.52 1.66 8.82 8.67 0.85 
46 3.07 9.13 6.31 0.49 1.56 10.59 6.35 0.50 1.37 8.06 8.72 0.84 
47 2.85 8.48 6.20 0.47 1.31 9.98 6.23 0.47 1.12 7.30 8.76 0.83 
48 2.66 7.82 6.08 0.44 1.09 9.37 6.10 0.45 0.89 6.52 8.79 0.80 
49 2.49 7.15 5.95 0.41 0.89 8.75 5.95 0.42 0.69 5.76 8.78 0.77 
50 2.34 6.49 5.79 0.38 0.72 8.12 5.77 0.38 0.52 5.01 8.74 0.73 
51 2.21 5.83 5.62 0.34 0.58 7.49 5.58 0.35 0.39 4.28 8.65 0.68 
52 2.09 5.18 5.42 0.31 0.46 6.87 5.36 0.32 0.28 3.60 8.50 0.62 
53 1.99 4.55 5.19 0.27 0.36 6.25 5.11 0.28 0.20 2.97 8.27 0.56 
54 1.89 3.95 4.93 0.24 0.28 5.65 4.83 0.24 0.13 2.40 7.97 0.50 
55 1.79 3.37 4.64 0.20 0.22 5.06 4.52 0.21 0.09 1.90 7.58 0.43 
56 1.69 2.84 4.30 0.17 0.17 4.49 4.17 0.17 0.06 1.47 7.11 0.36 
57 1.59 2.35 3.93 0.13 0.13 3.94 3.79 0.14 0.04 1.10 6.57 0.30 
58 1.48 1.90 3.52 0.10 0.09 3.42 3.38 0.11 0.02 0.81 5.94 0.23 
59 1.37 1.50 3.06 0.08 0.07 2.92 2.93 0.08 0.01 0.57 5.24 0.18 
60 1.25 1.14 2.56 0.05 0.05 2.45 2.45 0.06 0.01 0.38 4.48 0.13 
61 1.11 0.83 2.02 0.03 0.03 1.99 1.94 0.04 0.00 0.24 3.67 0.08 
62 0.95 0.57 1.46 0.02 0.02 1.56 1.40 0.02 0.00 0.14 2.81 0.05 
63 0.76 0.33 0.90 0.01 0.01 1.11 0.87 0.01 0.00 0.07 1.91 0.03 
64 0.48 0.14 0.38 0.00 0.00 0.63 0.37 0.00 0.00 0.02 0.97 0.01 

 
 
  


