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ABSTRACT

LifePaths has embarked on a multi-year project to examine issues relating to income levels and income adequacy among Canada’s seniors - both in the present and out into the foreseeable future.  In its initial stage, the project is focussing on extensive validation to build consensus among users as to the reliability of the model and its projections.
In this report, we consider the validity of LifePaths simulations of employment careers by examining aspects of the simulations at different time scales: sub-annual, annual, and multi-decade time intervals.  The validity of LifePaths simulations is established by comparisons between simulation output and direct observations for specific periods in calendar time.

A problem common to both the estimation and the validation stages in the development of our model of employment careers is the lack of any integrated data source on employment dynamics at all time scales.  LifePaths’ employment module is based on a rich and unusually extensive, core longitudinal dataset that accounts for the dynamics of distinct employment spells.  But, because of its sample design, that dataset can not directly display dynamics at either the annual time scale (e.g., complete seasonal work patterns) or the career time scale (i.e., evolving multi-decade work patterns).  In that regard, LifePaths’ greatest value may be that it can serve as the vehicle for integration of existing, fragmentary data that will allow credible simulations and projections of complete employment careers, earnings trajectories, savings patterns, and, ultimately, retirement income streams.
1. INTRODUCTION

The LifePaths model is engaged in a project, the goal of which will be to produce credible simulations of public and private components of Canada’s retirement income system.  The use of LifePaths in this role has particular advantages: it provides a framework on which to integrate otherwise incomplete data; it has the flexibility to assess different income adequacy concepts; it permits projection of distributional outcomes; and it allows for a wide range of projection scenarios to assess sensitivity.  LifePaths has previously been used to examine broad historical aspects of the intergenerational exchanges that are implicit in Canada’s tax-transfer system (Wolfson, Rowe, Gribble and Lin, 1998; Wolfson and Rowe, 2007). 

As indicated in Wolfson and Rowe (2007), Canada’s public pension system can be described as having three tiers.  The first tier is comprised of two cash transfers to the elderly (generally age 65+) based only on their current income, and financed out of general taxation.  One is a taxable “demogrant” called the Old Age Security (OAS) pension.  The other basic cash transfer is an income-tested benefit, the Guaranteed Income Supplement (GIS) program, providing non-taxable monthly benefits to older Canadians.  Together, these major programs provide basic income guarantees for Canada’s senior individuals and couples.  As a result of a number of ad hoc increases over the years, their combined benefit levels have become such that very few of Canada’s elderly have incomes below the “low income line”.

The next tier is the Canada and Quebec Pension Plans (C/QPP), an earnings-related public pension plan that pays out a retirement pension essentially equal to 25% of average (updated) pre-retirement earnings [earnings capped at roughly the average industrial wage].  The C/QPP plans also provide pre-and post-retirement survivor pensions, orphan and disability pensions, and a lump sum death benefit.  These plans are financed by a payroll tax. 

The third tier of Canada’s public pension system is a set of tax incentives for private saving for retirement, either via individual accounts called Registered Retirement Savings Plans (RRSPs) or employer-sponsored plans (Registered Pension Plans or RPPs).  The annual tax expenditure (foregone income tax revenue) in respect to these provisions may be comparable to the total annual cost of OAS/GIS or C/QPP.  Thus, tax incentives are a significant component of the public system, and they are used disproportionately by those with above average earnings.

The focus of the current project will be detailed simulation of future levels and distributions of retirement income and income replacement rates – together serving as indications of the future adequacy of Canada’s retirees’ incomes.  This is a more complex task than was attempted previously, largely because of:








· the multi-level structure of Canada’s retirement income system; and




· the particular challenge of modeling complete employment careers and earnings histories that can serve as a basis for credible simulations of accumulated pension entitlements and savings.

This paper will provide an overview of the first steps being taken to validate LifePaths simulations of lifetime employment careers.  This evaluation has two immediate aims:




1. to help clarify the whether there are deficiencies in the simulation of career-long employment and/or earnings patterns; and, if so, to determine how these deficiencies might be remedied; and,










2. to document, as far as possible, the degree of realism that might be expected of simulations of the future by examining simulations of the past.

The paper will be organized as follows: the second section will describe LifePaths’  existing employment transitions module emphasising the validity of simulations at annual and sub-annual time-scales;  the third section will identify special concerns involved in assessing simulations of recurrent events (job starts and job seperations) in the long-run (i.e., careers); the fourth section will present some preliminary results evaluating the accuracy of simulations at time-scales of multiple decades; and the conclusion will focus on next steps. 

2. EMPLOYMENT TRANSITIONS IN LIFEPATHS

2.1.   Modelled Transitions

LifePaths uses a three-category classification of employment status – employee (E), self-employed (SE), and not employed (NE).  The model focuses on simulation of periods with or without earnings and, as such, we have not incorporated transitions involving unemployment.  There are six transitions that can result in a change in employment status - as represented in Figure 1.  LifePaths models all of these transitions. In addition, job changes that do not appear to involve an interruption of employment are also modelled by LifePaths (denoted here as E=>E)
. 
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Figure 1: Employment transitions in LifePaths

2.2.   The lifetime employment decision

Since LifePaths simulates the lives of Canadians from birth to death, there must be an initial step at which it is determined whether or not the employment transition model will play a role in the simulation of a given life (Figure 2).

Thus, the first employment decision made in LifePaths is the decision to ‘ever work in a lifetime’.  This decision is critical to accurate simulation of women’s historical employment patterns
 and, in the present, it remains important for women at the lowest levels of educational attainment.  Figure 3 displays observed and simulated proportions of women who chose never to work; for these purposes, women were grouped into education attainment categories and into single years of birth ranging from 1880 to 1960.  Evidently, the proportion of women who will never be at risk of an employment transition is negligible in more recently born cohorts, except at the lowest levels of education.  Corresponding proportions for men are lower than for women, but are still above 0.05 for recently born cohorts at the lowest levels of education.

[image: image2.emf]                                           

If Full - Time   Student          

 

  Student  Work   Module   If Giving  Birth            

 

  Maternity   Leave   Module   Otherwise             

 

  Career  Work   Module   If School  Leaver            

 

  School - to -   Work  Function  

Will Ever Work  in Lifetime?  

No,     Not subject to  LF transitions  

  Yes  


Figure 2   Sub-models of the LifePaths Employment Module
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Figure 3: Proportions of women who never worked for pay





     by year of birth and by education (Primary Only, University (BA+), & Other)
     
     Labour Force Survey (LFS) data and LifePaths simulations

Patterns of employment activity differ systematically among demographic groups (women versus men, for example).  And for a given person, employment behaviour changes when s/he enters a new phase of the lifecycle; for example, the level and pattern of market work engaged in after leaving school will obviously be different from student work.   Accordingly, different behavioural equations are employed for different demographic groups and/or different phases of life and LifePaths reflects these differences in separate employment transitions sub-models, as indicated in Figure 2.  The remainder of this paper will concentrate on LifePaths’ ‘Career Work’ model, since it forms the principal basis for simulation of career earnings streams and, ultimately, of retirement income. 

2.3.   LifePaths’ ‘Career Work’ Model
An employment career might be said to consist of alternating spells of employment and non-employment that could begin just after the completion of education and likely terminates either with a decision to withdraw from the labour market or with death.  In LifePaths, we have estimated a proportional hazards model to summarise the rates of occurrence of each type of transition – conditional on covariates.  Details on all of the sub-models included in the LifePaths Employment Module may be found in Nguyen (2007).

As presented in Figure 2 above, the career employment equations determine the labour force transitions of a person during any period in which the person is 15 years old or older, not a full-time student, not a school leaver waiting for a first job, not on maternity leave, and not a permanent resident of a healthcare institution (only applicable to the elderly).    

2.3.1.   The Hazard Equations Determining Career Employment

The career employment hazard equations determine the seven labour force transitions illustrated in Figure 1.  These transitions were assumed to have cumulative conditional hazard functions [ Ht(Xt) ] of exponential form:

E( d | X, t ) = Ht+1(Xt) – Ht(Xt), 
where

Ht(Xt) = exp(b1*ln(t)  + b2*ln(t) *(t<12) + Xt B)

(1)

and where ‘d’ is an binary variable which takes the value 1.0 if a main job was reported gained (transitions NE=>E, NE=SE, SE=>E, E=>SE, and E=>E) or reported lost (transitions E=>NE, and E=>NE) in the month since the previous interview, and which takes the value 0.0 otherwise [ where t is the duration of working/not working measured in months, X is a vector of explanatory variables, b1, b2, and vector B are coefficients to be estimated ].

Equation (1) was estimated for each of the seven labour force transitions displayed in Figure 1 and for males and females separately; thus there were a total of 14 equations.  To estimate  the equations, we used a longitudinal version of the LFS data covering the period from January 1976 to December 2004 in monthly steps.  The LFS is a panel survey in which respondent households typically remain in the sample for six consecutive months.  Thus, it is possible to reconstruct six-month fragments of longitudinal data from the monthly records of household members and estimate a range of interesting transitions models.  These data are the best available single source for estimation purposes because of the rich survey content, large sample size (more than 37 million person-months of individual and family level data from about 6.5 million respondents), and a long historical coverage (nearly three decades). Further details on the construction, features, and validation of the longitudinal LFS file may be found in Rowe and Nguyen (2005).

The components of the vector of explanatory variables (X) are summarized in Table 2.  The rationale for the inclusion of these variables is generally clear.  Theoretically, there are other factors/variables that may also be important determinants of the labour force transitions.   However the decision to include certain variables in the equations and not other variables depends not only on the hypothetical relationships and availability of the empirical data, but also on the existing makeup of LifePaths.

	Transition
	Dependent Variable
	Summary of Explanatory Variables

	E=>NE
	dE=>NE
	1. Duration since entering the current status (months)

2. Calendar years (binary variables)

3. Age, in quadratic form with a spline at age 35 if age<65, linear if age> 66, and a separate binary for age 65

4. Province of residence

5. Spouse’s labour force status

6. Education level

7. Presence of children (separate binary variables for children of age groups 0,  1-5,  6-15, and 16+)

8. Year * Age Interactions (2) * (3)

9. Year * Education Interactions (2) * (6)

10. Year * Child Interactions (2) * (3)

11. Year * Education * Child Age Interactions (2) * (6)  * (7)

12. Calendar month binary variables (seasonal impacts)

A total of 265 parameters were estimated for each of the 14 equations

	E=>E
	dE=>E
	

	E=>SE
	dE=>SE
	

	NE=>E
	dNE=>E
	

	NE=>SE
	dNE=>SE
	

	SE=>E
	dSE=>E
	

	SE=>NE
	dSE=>NE
	


Table 1  Summary of variables included in seven career work hazard equations 

2.3.2.   Validation at Annual and Sub-Annual Time Scales

As one of several validation measures of the model performance, we compared  employment/population ratios (EPRs) for males and females by single year of age that were estimated from LFS data or, correspondingly, simulated in LifePaths.

Figure 4 shows the age profiles of these ratios for women in years 1976 and 2004, which are the first and the last years covered by the LFS data used for our estimation of the parameters.  As seen from this Figure, the age profile of women’s employment changed substantially between 1976 and 2004.  LifePaths captures the changes well, and the gaps between the simulated and the actual employment rates are small.  [Corresponding comparisons for men and for each year between 1976 and 2004 showed that the simulated and actual EPRs were similarly close in each case.]  It is worthy of note that this represents a relatively challenging test of the model; LifePaths simulates transitions between employment states in continuous time, but this validation test compares annual average stocks expressed as person-years employed per person-year lived at each age.
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Figure 4: Average annual employment/population ratios for women by age in 1976 and 2004
     LFS data and LifePaths simulations

Figure 5 exhibits sub-annual aspects of employment in terms of weeks worked in the calendar year 2000 as reported in the 2001 Census and as simulated in LifePaths.  These charts compare cumulative percentages of the male population reporting 0 weeks worked, at most 8 weeks work, and so on, up to at most 48 weeks worked.  [Cumulative percentages facilitate visual comparison of observed and simulated patterns because each corresponding line on the respective charts is positioned entirely above the previous corresponding line.]  
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Figure 5: Cumulative population percentage for selected weeks worked in year 2000

     males by age in 2001 with 0, 8, 16, 32, 40 & 48 weeks worked


     
     2001 Census data and LifePaths simulations

A limitation of the LFS data is that respondents remain in the survey for only six consecutive months.  As such, it is impossible to unambiguously identify employment states or events that are part of an annual work pattern.  The value of comparing census data with LifePaths simulations rests in the fact that we can hope to identify discrepancies apparent after aggregation over all seasons of the year.  The greatest discrepancy between observed and simulated profiles appears to be the difference in the percentage at 0 weeks worked.  It is tempting to associate this with the absence of an employment state ‘not in the labour force’ in the LifePaths model.  But, the census data is comprised of annual recalls and reports of 0 or only a few weeks worked may be subject to considerable recall lapse.  Evidently, agreement between the census data and LifePaths is close enough that the observations and their synthetic counterparts may have errors that are different in origin, but comparable in degree.

3. VALIDATING SIMULATED CAREERS: RECURRENT EVENTS IN THE LONG-RUN 

The data on which the LifePaths employment transitions models were based is unusually rich, covers an unusually long historical period, and represents an unusually large sample; but, it does not identify characteristics of a career.  As illustrated in Figure 6, respondents enter the LFS sample at random stages of their careers; at that point, we know their tenure in their current employment state and typically are able to track employment events over the following five months.  But with available LFS data, we can not distinguish, for example, between respondents who have previously had many different employers from those who have had few.
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Figure 6:  The LFS data can not identify the stage of a career - cumulative employment spells
Until recently, we have not been in a position to even evaluate the magnitude of the problems arising because we had ‘employment spell’ and not ‘career’ data.  This situation changed recently, when we began working with Statistics Canada’s Longitudinal Worker File (LWF).  The LWF is a 10 percent random sample of all Canadian workers, constructed by integrating data from four sources: the Record of Employment (ROE) files of Human Resources Development Canada (on worker separations), the T1 and T4 tax data files of Canada Customs and Revenue Agency, and the Longitudinal Employment Analysis Program of Business and Labour Market Analysis Division of Statistics Canada.  The LWF provides longitudinal data on workers annual earnings, employment interruptions or separations, and on changes of employers over the period 1982 to 2004.  However, as is frequently the case with administrative data, we are limited to stratifying the data mainly on basic demographic dimensions [e.g., age and sex], because critical dimensions like educational attainment are unavailable.

Another aspect of the problem is conceptual.  Even given ideal career data, we would still not have a clear idea of how to best assess and correct for potential inadequacies in the LifePaths employment model.  In effect, we do not have a definition of a ‘career’ or a list of its essential properties.  One consideration is that careers may differ from each other, because of underlying differences between individuals that remain relatively constant.  In LifePaths’ present form, successive simulated spells of employment will be correlated only to the extent induced by persistent states like education level or family composition; otherwise, simulated spells are conditionally independent.

From that perspective, an essential property of a career would involve long-run dependencies arising from so-called ‘shared frailties’.  These are individual level random terms that account for differences between individuals, but that induce inter-spell correlations because they are constant within individuals and can influence the chances of successive events.  A model with this structure effectively partitions heterogeneity into that between individuals and that within spells (Clayton and Cuzick, 1985; Aalen and Husebye, 1991). 
Shared frailties, as implemented in the LifePaths employment module, are in a form that has a special affinity with Weibull hazard models (Rowe and Lin, 1999).  [Weibull models are characterized as having cumulative hazards that are a log-linear function of duration; as may be seen in equation (1), LifePaths employment transition hazards are log-linear with a varying slope and may be termed piecewise Weibull.]  Hougaard (1986a, 1986b, 1987) generalizes the Weibull to account for correlated spells using an unobserved random variable Z - a shared frailty.  Z is intended to represent unmeasured personal and/or labour market characteristics that remain fixed over time.  Hougaard exploits unique advantages of specifying Z as drawn from a Positive Stable distribution with parameter (.  If an individual’s spell durations given Z are Weibull with scale parameter ( and shape parameter (, then marginal spell durations are also Weibull:
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where the marginal shape parameter is (’ and ( = ( (’.
  Thus, Weibull models that have already been estimated can be transformed to a shared frailty model for specified values of (.    Hougaard demonstrates that ( can be estimated by ( (1 – r), where r is the product moment correlation between log spell durations.
  Thus far, use of shared frailties in LifePaths’ applications has been limited to sensitivity studies, given the lack of data with which to measure inter-spell correlation.
A sceptic’s characterization of the ‘Positive Stable-Weibull’ shared frailty model might be that it was simply a technical fix.  More generously, it might be observed that it merely corrects for a lack of correlation between the lengths of successive simulated employment spells in LifePaths.  By construction, the characteristics of the marginal Weibull model should largely be preserved, so that the EPRs and other measures of population employment are minimally affected by changing the value of (.  Thus, in the absence of data on inter-spell correlation, we can not say whether this shared frailty model is actually solving a existing problem.

Another approach in the evaluation of the existing LifePaths model is to consider that a career should exhibit some form of adaptive behaviour.  To some extent, the age terms in LifePaths will already reflect some degree of adaptation by displaying typical career stages: entry, advancement, plateau, and withdrawal.  With this in mind, we might hope to further identify specific omitted variable biases in the LifePaths ‘Career Work’ equations that could be linked forms of adaptation.  However, given the nature of the data available, examination of potential biases involving earnings levels may be the single most interesting avenue open to us.

4. VALIDATING SIMULATED CAREERS: PRELIMINARY RESULTS 

Our evaluation of careers simulated by LifePaths through the lens of LWF data is still in early stages.  We have yet to understand all aspects of the LWF data as they might influence our interpretation of discrepancies between the LWF and LifePaths simulations.  For example, we have not been able to confirm that the ROE data coverage is comprehensive.  Employers are generally required to issue an ROE whenever an employee stops work either on a permanent or temporary basis: an ROE is required to establish eligibility for Employment Insurance (EI) benefits.  However, for casual or part-time employees [who may not qualify EI benefits], ROEs are required only if they experience an earnings interruption of 30 days or more.  Since, in theory, the LFS data will capture some of these interruptions, and we might expect to simulate more job losses than are reflected in the ROE data.  Additional work is required to reconcile what is known about the LFS concepts with verifiable aspects of the administrative data.


Figure 7 presents some encouraging preliminary finds.  In this case, the LWF male population was stratified by age in 1983 and by average annual earnings level in 1982-84 ($1-$20, $20-$40, $40-$60, $60-$80, $80-$100, and $100+ expressed in constant 2004$).  Within each of these strata for the time period 1985 to 2004, the average cumulative number of job separations was tabulated from the LWF and from LifePaths simulations.  As may be seen, the levels and age profiles are quite similar between the two charts.  There are meaningful differences however; in that, intermediate earnings levels in LifePaths (particularly, $40-$60 and 60-$80) appear to experience higher separation rates than are displayed in the LWF data.  As is shown in Table 1, there are no earnings terms in LifePaths employment transition equations.  The degree of agreement shown in Figure 7 must result from the influence of education level as an earnings proxy.  Subject to reconciliation of concepts in the two data sources, these results could represent evidence of unaccounted for stickiness in medium income jobs.  That is, once in a reasonably well paying job, an incumbent may try harder to retain the job than would otherwise be evident from factors already included in the LifePaths hazard equations.
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Figure 7: Total job separations in the interval 1985 to 2004





     for males by age in 1983 and average annual wages 1982 to 1984


     ROE data and LifePaths simulations

Finally, a reminder that the purpose of evaluating the validity of LifePaths simulations of employment careers is an intermediate step towards evaluating the validity of LifePaths simulations of retirement income: the next step will be to consider the earnings streams that serve as the basis for retirement savings.  Figure 8 provides a preliminary indication of the ‘bottom line’; these charts display the distribution of sums of the streams of earnings from 1983 to 2004 for men and women age 38 in 1983 [i.e., 59 or still pre-retirement in 2004].  Given the age range involved, these represent the stream of earnings that is likely to be a major source of retirement savings.  As may be seen, agreement between observed and simulated decile cutpoints is quite good [in this case, since the observations are based on income tax data, no misalignment of concepts should be present].  There are differences in the lowest two deciles that are substantial in percentage terms, but less so in absolute terms.  However, among the decile groups at the median and above, discrepancies are on the order of 10-20% for men and substantially less for women.  We cannot, as yet, make a judgement about how much of these errors may be attributed to errors arising in the course simulation of the career rather than errors in the imputation of career earnings given career employment.  
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Figure 8: Deciles of total wages accumulated over the years 1983 to 2004 [ constant 2004$ ]
    T4 (tax) data and LifePaths simulations for men and women aged 38 in 1983

5. CONCLUSIONS 

Developing modules for a microsimulation model requires an approach that differs from that best adopted when the main goal of analysis is to test specific hypotheses.  A hazard model that is to be incorporated in a microsimulation model will perform poorly, if its right-hand-side variables can not be accurately simulated.  Yet, in some cases, elements of the simulation model must incorporated for logical completeness, irregardless of whether there is data to shed light on the underlying behaviour [e.g., the LifePaths ‘lifetime employment decision’ may be one example].  Thus, there are constraints on the design of microsimulation models that do not apply in the case of analysis, in isolation, of data collected from a single survey.  The data required for estimation and validation of a given theoretical model may typically be available only on a piecemeal basis from a variety of sources.  In many ways, the microsimulation model inevitably becomes a vehicle for data integration.
These issues are illustrated well in our attempts to validate LifePaths simulations of employment careers on sub-annual, annual, and multi-decade time intervals.  This task is a work in progress and much remains to be done.  We still need to reconcile data concepts and to put to rest data quality concerns.  Furthermore, additional work remains that will involve elaborating the properties of a ‘career’ in ways that we can both observe in data and use for validation or enhancement of LifePaths.  Nevertheless, even with preliminary results, LifePaths appears to provide highly credible employment career simulations.  That LifePaths is as successful as this, is probably more due to the efforts that went into assembling pertinent data than because of sophistication of analytical techniques.  In that sense, LifePaths’ current success may be a testimony to the value of data integration. 
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�  The analysis of transitions has focused on changes involving the ‘main job’.  In principle, some E=>E transitions could involve loss of a main job and retention of a pre-existing secondary job.


�  Note that without an accurate model of the ‘lifetime employment decision’, the employment transition model would be applied to an inflated population-at-risk.  As such, simulation of the employed population would be correspondingly inflated, regardless of the accuracy of the employment transition rates applied.


� A technical note: 





LifePaths is a continuous time implementation of the ‘latent waiting times’ formulation of the classical competing risks model (Prentice, et.al., 1978): that is, random waiting times to all specified events (job separation, marriage, child birth, death, etc.) are generated and placed in an event queue; then, the event in the queue with the minimum waiting time becomes the next event to occur.  At that point, the calendar is incremented by the amount specified, the event queue is refreshed and the simulation continues.





In order to use hazard equation estimates in LifePaths, a random waiting time for labour force transition events in LifePaths is generated as follows (given the simulation up to time T):			





h  =  dH/dT  =  exp(b1*ln(T) + b2*ln(T) *(T<12) + XB) *  d(b1*ln(T)  + b2*ln(T) *(T<12))/dT


        =  exp(b1*ln(T)  + b2*ln(T) *(T<12) + XB) * (b1 + b2*(T<12)) / T	





Then, within each month - treating the hazard h as approximately constant - we make use of the constant-hazard survival function S(t)  =  exp(-h*w) to obtain a random waiting time w: derived from h and with a uniform pseudo-random number U in place of S(t) [i.e., by solving U  =  exp(-h*w) for w ].  Modgen is the extension of C++ in which LifePaths is written.  Among other simulation tasks, Modgen ensures that a fresh random waiting time will be generated whenever an explanatory factor changes.  In the case of employment transitions model that ensures a new random waiting time will be generated (at least) each month of the simulated lifetime [since duration in the employment state – measured in months – is one of the explanatory factors].  Consequently, an employment transition can not be simulated until a random waiting time of less than one month is generated.


� The shared frailty model has the effect of shrinking all other hazard coefficients toward zero (Fine, Glidden and Lee, 2003).											


� The relation between ( and r implies that only positive correlations can be accounted for in this model (i.e., 0 < (  < 1).
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