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Abstract 

With Australia‟s ageing population, the labour market decisions of older workers are 

becoming extremely important for the economic environment in Australia. 

This study uses nine waves of the Household, Income and Labour Dynamics in 

Australia survey (HILDA) to determine the role health shocks play in the labour supply 

decisions of older workers. The labour supply decisions which are addressed are 

reducing labour supply fully (i.e. leaving the labour force) and reducing labour supply 

marginally. Compared to previous literature, this study incorporates the fact that 

workers often do not work their desired number of hours and this might influence their 

labour market behaviour. 

The key finding of this paper is that different groups of workers are influenced by health 

shocks in different ways and this result has clear policy implications. All older workers 

are found to reduce their desired labour supply in response to a health shock. However, 

the outcomes of this reduction in labour supply are different amongst groups. Previous 

blue collar female workers seem to be the only group for which the labour market 

accommodates this reduction in desired labour supply. For previous white collar female 

workers, there is only evidence that this reduction in desired labour supply results in 

leaving the labour force. This reduction in desired labour supply for older male workers 

is found to either result in becoming over-employed or leaving the labour force. 
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1 Introduction 

A health shock is defined as a sudden deterioration in an individual‟s health stock, or 

health capital. An example of a health shock would be an illness or injury which has 

taken place in the past 12 months. Empirical evidence has found that health shocks 

reduce labour force participation of Australian workers, especially that of female and 

older workers (Cai and Kalb, 2006). Recently, Zucchelli et al. (2010) found that health 

shocks brought forward an older Australian worker‟s desired retirement age. It is clear 

in these papers, that the effect of health shocks on older workers has an adverse effect 

on the economic environment in Australia, especially in terms of national production 

and fiscal pressure. With Australia‟s ageing population, this effect is only going to 

become larger (Commonwealth of Australia, 2010). 

There has been a considerable focus on the effect that health shocks have on the labour 

force participation of older workers, however not so much on the labour supply of these 

workers. Cai et al. (2008) argued that, especially in the Australian context, reducing 

labour supply is another response an individual can have to a health shock. This is due 

to the high participation in and availability of part-time employment in Australia. If 

older workers are found to reduce their labour supply in response to a health shock, this 

will also have an adverse effect on the national production of goods and services even 

though they remain in the labour force. Again, as the population ages, this effect will 

only become larger. 

This study focuses on how health shocks impact the labour force decisions of older 

Australian individuals, specifically their choice of the hours they are willing to work. A 

particular interest of this study is how this effect may vary amongst groups of older 

workers. The main groups which are analysed are male, female, blue and white collar 
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workers. Blue collar workers are defined to be those who work in labour intensive 

occupations and white collar workers are those who work in non-labour intensive 

occupations. 

This study uses the Household, Income and Labour Market Dynamics in Australia 

survey (HILDA), a comprehensive data set which details the subjective well-being and 

labour market behaviour of a large sample of Australians. A valuable feature of this data 

set is that it enables the identification of constrained workers, defined as those who are 

not working their desired hours. When considering labour market behaviour, it is 

possible that constrained and unconstrained workers will respond to health shocks in 

different ways, suggesting the need to consider these groups separately.  

In terms of contributions to the literature, there are two main areas in which this 

empirical study adds to previous knowledge. The first area looks into how health shocks 

can lead to hour constraints and how constrained workers differ in their labour market 

decisions compared to those who are unconstrained. The constrained group this study 

focuses on is the over-employed, those who work more hours than they desire to work. 

This is due there being a high proportion of over-employed older workers in the sample 

and also empirical evidence from the United Kingdom and the United States which has 

found that over-employed workers are more likely to leave the labour force (Gielen, 

2007, Kofi Charles and DeCicca, 2006). To my knowledge, this topic has not been 

subject to empirical research in Australia and, in particular, neither has the way health 

shocks interact with these constraints.  

The second area addressed in this study is the impact of health shocks on the labour 

supply decisions of older workers. Cai et al. (2008) have addressed this in the 
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Australian context, however, they did not focus on desired labour supply or incorporate 

the idea of constrained workers differing from unconstrained workers. 

The results from both of these areas will provide a better understanding of the 

implications that adverse health events can have on older workers‟ labour market 

circumstances and decisions. This knowledge is important when considering policies to 

help incentivise older workers to remain in the labour force and keep working their 

normal hours. By considering differential effects of health shocks for groups of 

workers, this research can help aim policies at those workers who experience larger 

effects of health shocks on their labour force decisions.  



 13  
 

2 Literature Review 

As a worker ages and enters the older working cohort of the labour force, the likelihood 

of experiencing a negative shock to their health increases. McClellen (1998) suggested 

three channels through which health shocks will influence an individual‟s behaviour by 

affecting their overall utility. A health shock can reduce productivity, reduce utility 

from consumption of some goods or services and reduce time available for the 

consumption of certain goods and services.  

McClellen addressed both sides of the argument in terms of whether a health shock is 

expected to increase or decrease labour supply. On the one hand, a negative health 

shock can cause an increase in an individual‟s marginal utility of income (because they 

may need medication or access to health services) or it can decrease an individual‟s 

marginal utility for income (reduce their life expectancy or make some consumption 

activities impossible).  Therefore, the effect of a health shock on labour supply and 

labour force participation can be argued to be either positive or negative. 

Much of the focus of recent empirical literature has fallen on the impact a worker‟s 

overall health and health shocks have on bringing forward their desired retirement age. 

This literature has policy relevance since it identifies how important the health of the 

labour force is in terms of the labour cost from wasted human capital due to poor health  

(Cai and Kalb, 2006). As well as health, these papers also account for other factors 

which are important determinants in the retirement decision and help policy makers 

understand how to minimise the cost of wasted human capital (Roberts et al., 2009). 

This is an especially important topic in countries that are experiencing an ageing 

population and much of the literature in this area has focused on these types of 

countries.  
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There are three main strands of previous empirical literature which will be addressed in 

this chapter: the impact of overall health on retirement decisions, the impact of health 

shocks on retirement decisions and the impact of overall health and health shocks on the 

labour supply of workers. 

2.1 The Impact of Overall Health on Retirement Literature 

One of the first papers which attempted to empirically identify the relationship between 

health and retirement was written by Sickles and Taubman (1986). Before this paper, 

there had been studies emphasizing that an individual‟s perceived health had a 

significant effect on their retirement decision (Anderson and Burkhauser, 1983, 

Diamond and Hausman, 1984 and Hausman and Wise, 1985). However, what made 

Sickles and Taubman‟s paper different was the use of structural estimation of a joint 

health-retirement model. This enabled them to isolate the causal impact of self-assessed 

health (SAH) by accounting for its endogeneity in the retirement decision. Using a five 

wave panel data set from the United States (US), these authors found that a movement 

from poor to good health status reduced a worker‟s probability of retirement.  

One of the first papers which illustrated the significantly different effect of using an 

objective and a subjective health measure on the estimated impact of an individual‟s 

health on their retirement decision was written by Bound (1991).  This paper termed the 

„justification hypothesis‟ which suggested that individuals may justify their decision to 

leave the labour force by overstating their poor health. The paper used the 1969 cross 

section of the US Retirement History Survey (RHS) and also the cross-section in 1979. 

The objective health measure was obtained by measuring how many participants died 

between these two years. Bound found evidence that subjective and objective measures 
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of health are biased in opposite directions. Subjective measures overstated the effect of 

health while objective measures understated this effect and so the actual effect of health 

could be bounded. 

Bound‟s paper clearly outlined the problems with using subjective measures of health. 

Kerkhofs and Lindeboom (1995) emphasised this point by addressing the three sources 

of potential measurement error in SAH: reporting heterogeneity, simultaneity between 

labour market participation and health status and overstating health problems to justify 

non-participation. 

Similar to Bound (1991), Dwyer and Mitchell (1999) used subjective and objective 

measures of health to see whether, whichever measure of health stock was used, an 

individual‟s overall health significantly impacted their decision to retire. Using the 1992 

cross-section of the Health and Retirement Study (HRS) in the US, these authors found 

that the estimated health effect varies with the health measure but all measures used are 

found to influence early retirement. This paper concluded that health measures are 

exogenous and that there was no evidence for the „justification hypothesis‟. 

In 1999, Bound et al. extended the Bound 1991 paper by using the first three waves of 

the HRS to further understand the role health plays in labour market behaviour. To 

control for the endogeneity of SAH, they introduced an IV-type approach to construct 

an underlying health stock. This latent health stock can be estimated as an ordered 

probit using a function of characteristics and physical health indicators and then used to 

instrument SAH. The authors‟ main finding in this paper was that as well as poor health, 

negative shocks to health help explain retirement behaviour. 

More recently, Cai and Kalb (2006) used one cross section of Australia‟s Household, 

Income and Labour Dynamics in Australia survey (HILDA) to analyse the effect of 
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overall health on labour force participation. The authors stressed the important policy 

implications in the context of Australia‟s ageing population and the importance of 

discouraging older workers to retire early due to health issues. Cai and Kalb argued that 

policy makers need a better understanding of the relationship between health and labour 

market activities to estimate the costs of health limitations on the economy. Their 

analysis found that poorer health mainly affects the labour participation for older 

workers and women. 

The papers discussed in this section sought to find the causal relationship between an 

individual‟s overall health and retirement as well as addressing the endogenous nature 

of SAH. Overall, these papers provide evidence for a significant negative effect of an 

individual‟s health stock on their decision to retire.  

2.2 The Impact of Health Shocks on Retirement Literature 

The second strand of literature contains papers which have specifically addressed how 

negative health shocks rather than just an individual‟s overall health stock affects labour 

force participation. This relationship has been a particular focus of the health literature 

in the last decade. 

Lindeboom (2006) provided an overall view of the literature analysing the role health 

plays in labour market behaviour, specifically the decision to retire. Lindeboom 

emphasised how the level of health stock is measured remains a significant problem in 

the literature. The paper suggested that what is needed to understand how health 

impacts labour market behaviour is a measure of health that acknowledges the different 

dimensions that health can have on an individual‟s decisions. A suggestion was to 

obtain a measure of a sudden unanticipated change in health which may help to identify 
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the effect of health on labour market decisions. By drawing from the previous literature, 

Lindeboom concluded that health was a very important determinant of the retirement 

decision. 

In 1999, Riphahn used eleven waves from the German Socioeconomic Panel (GSOEP) 

to look at the dynamic health shock effect on the labour force participation of older 

workers in Germany. Riphahn argued that if health was found to be a major factor of the 

decreasing rates of labour force participation of older workers, then health contributes to 

the strain on the German welfare system. To evaluate the health shock variable, 

Riphahn measured the health satisfaction of older workers and a health shock was 

observed if this satisfaction dropped by five points in the next period. This measure of 

health shock was treated as exogenous in this paper since Riphahn argued that 

endogenously determined health events often occur continuously rather than a sharp 

drop in health from one period to the next. A consistent finding of this paper was that 

health problems have a significantly negative impact on an older worker‟s labour force 

participation. Out of all of the covariates used in the modelling, Riphahn concluded that 

health shocks seem to be the most important determinant for older workers leaving the 

labour force. 

Similar to Riphahn (1999), Disney et al. (2006) had the same research focus but used 

data from the United Kingdom (UK). The paper used eight waves of the British 

Household Panel Survey (BHPS) to examine whether health shocks are an important 

determinant of retirement behaviour. To control for the endogeneity associated with 

using SAH, the health shock variable was calculated in a similar way to Bound et al. 

(1999). Using a sample of those aged between 50 and the state pension age, the authors 

found that health shocks have a significant impact on the hazard of retirement and that 

positive and negative health shocks have symmetric effects. 
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Jones et al. (2010) used twelve waves of the BHPS and replicated Disney et al. (2006) 

to see if they could achieve similar results. The reason for this replication was an issue 

of misspecification in the models used in the 2006 paper. In modelling the hazard of 

retirement, Jones et al. included both initial health status and lagged health to capture 

the fact that a change in health often occurs before the employment transitions are 

observed. Similar to Disney et al.‟s paper, the authors found health shocks to be an 

important determinant in the decision to retire. 

Also using data from the UK, Garcia-Gomez et al. (2010) used eleven waves of the 

BHPS in their study. The paper addressed the policies which aimed to discourage early 

retirement by providing financial incentives. Garcia-Gomez et al. argued that this type 

of policy alone may not be sufficient to discourage early retirement if the reason older 

individuals retire early is due to health problems. The modelling used in this paper was 

similar to that of Jones et al. (2010) and the results from this paper showed that health 

shocks are important for transitions in and out of the labour force, with this effect being 

greater for men. When an objective measure of health is used, rather than a subjective 

measure, the magnitude of the effect of health shocks on labour market transitions was 

found to be significantly reduced.  

Roberts et al. (2009) used both German and British data (the BHPS and the GSOEP) to 

compare these two western countries and determine whether health shocks have similar 

effects on retirement behaviour. The authors‟ choice of countries was driven by both 

having comparable datasets and experiencing an ageing population. The focus of this 

paper was on the fiscal implications and waste of human capital that can be attributed to 

health shocks. Using modelling approaches similar to Jones et al. (2010), the results 

from this paper indicated that health is a key determinant in the hazard of retirement for 

men and women in both Britain and Germany. The authors also found that their results 
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do not change if an objective or a subjective health measure is used. Overall, these 

results suggested that increasing the retirement age or providing financial incentives to 

remain in the labour force may have a smaller policy impact than intended since many 

older workers leave the labour force involuntarily due to health shocks. 

Finally, the last paper in this section addressed this issue in the Australian context. 

Zucchelli et al. (2010) used six waves of the HILDA survey to examine ill-health, 

health shocks and early retirement among older Australian workers. The authors argued 

that health shocks provide enough exogenous variation in order to identify the impact 

health has on labour force participation. Health shocks are defined in two different 

ways, subjective and objective (using Bound et al.‟s (1999) method) to see if these 

measures yield the same results. The authors found that, regardless of which health 

shock measure is used, ill-health and health shocks are key determinants of retirement 

behaviour for older individuals in Australia.  

Consistent results were found across papers using similar data sets from the UK, 

Germany and Australia. Health shocks were found to have a significantly negative 

effect on an older worker‟s decision to leave the labour force.  

2.3 The Impact of Overall Health and Health Shocks on Labour Supply 

Literature 

Up until now, the focus has been on how overall health and health shocks impact an 

individual‟s decision to retire. The last strand of literature to be reviewed addresses the 

effect that overall health and health shocks have on the internal margin of the labour 

supply of workers. This literature has aimed to capture the effect of an individual‟s 
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health stock and/or health shock on their hours of work, not just retirement (or zero 

labour supply) which was the focus of the previously discussed literature. 

Riphahn (1999) found that the presence of a health shock led to an increase in the 

probability of a worker being in part-time employment rather than full-time 

employment. This provided evidence that as well as leaving the labour force, some 

German workers choose to respond to a health shock by lowering their hours of work. 

Pelkowski and Berger (2004) examined the impact of health problems on annual hours 

worked. Using HRS data from 1992/93 onwards, the authors focused on older workers 

and aimed to measure the long term consequences health can have on labour market 

decisions. This paper included three models of labour supply; Ordinary Least Squares 

(OLS), Fixed Effects and a Heckman correction. The Heckman correction model tried 

to account for the fact that only employed individuals were incorporated into the 

analysis. The data set used allowed for permanent and temporary illnesses to be 

distinguished from each other. Only if an individual had a permanent illness was poor 

health found to have a negative impact on annual hours of work and this effect was 

found for men in particular. The authors argued that if these two types of illnesses were 

not separated, the effect of persistent health problems was likely to be underestimated.  

In 2004, Coile considered how an unexpected negative health event would impact 

labour supply decisions in the US. The paper follows from McClellan (1998) which 

showed using the first two waves of the HRS that health shocks significantly decreased 

labour supply. Coile wanted to replicate these findings using the first six waves of the 

HRS and also investigate whether health shocks impact the partner‟s labour supply. 

Using OLS to model the change in hours worked, men and women were found to 

experience a significant decrease in hours after experiencing a health shock. A small but 
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significant positive effect on partner‟s labour supply was found when the partner was a 

male. However, this effect was not significant when the partner was a female. This 

paper emphasised the potential role that a partner‟s health plays in an individual‟s 

labour supply decision. 

There is one particular paper which has addressed how health shocks influence the 

labour supply of Australian workers. Cai et al. (2008) used six waves of the HILDA 

survey to analyse the impact that health shocks have on the labour supply of workers 

aged between 15 and 65 years old. Cai et al. emphasised the importance of this topic 

since Australia has a high rate of part-time employment and has a more flexible labour 

market compared to other OECD countries. This makes a reduction in hours after a 

health shock a more realistic option in the Australian setting.  

The main model used was a dynamic panel tobit model of actual hours worked with 

lagged working hours to pick up the persistence in this series. Evidence for health 

shocks leading to small decreases in labour supply was found for all workers. This 

paper showed that reducing labour supply in response to a health shock was evident in 

the Australian context as well as reducing labour supply to zero which was found for 

older workers in Zucchelli et al (2010). 

In brief, when expanding the research area to look not just at retirement but labour 

supply in general, there exists evidence that overall health and health shocks can also 

impact labour supply in the German, US and Australian contexts. The literature shows 

that while health shocks have been found to lead to a higher probability of retirement, 

they have also been found to reduce a worker‟s hours of work post health shock.  

Following this last strand of literature, this paper will focus not just on the labour force 

participation but also on the labour supply of older workers. The measure of labour 
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supply used, however, will be different from previous papers since this measure will 

capture how much an older worker is willing to work, not just how much they are 

actually working. By identifying older workers who are not working their desired hours, 

this paper adds to the current literature by examining the role which hour constraints 

play in an older worker‟s labour supply decision. 
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3 Institutional Setting 

Since the focus of this study is on the labour force decisions of older Australian 

workers, this chapter will briefly outline some important trends and government 

publications concerning this group. 

In 2010, the Australian government released the Intergenerational Report which 

emphasised the changing age structure that is occurring in Australia as well as other 

OECD countries. This report outlined the economic and social implications of the 

ageing population in Australia. Two main concerns which are raised in this report are 

the economic problems caused by the growing older worker cohort relative to the 

younger working cohort and the fiscal pressures of a larger group claiming the age 

pension and demanding government health services. The main economic problem 

outlined in the report was a shrinking workforce, resulting in slower economic growth 

(Commonwealth of Australia, 2010).  

Clearly an Australian government aim is to keep older workers in the labour force and 

to discourage early retirement. Current government policies which aim to do this are 

mainly based on financial incentives.
1
 However, as mentioned in Roberts et al. (2009), 

if many older workers are leaving the labour force involuntarily due to health problems, 

these policies will be ineffective. Policies which address health effects specifically and 

aim to keep older workers in the labour force and working a moderately high number of 

hours may help to minimise the economic problems outlined in the Intergenerational 

Report. 

                                                           
1
 Examples of current policies are employers being paid per worker to train over 50 year olds, free career advice and 

job finding assistance for older workers and a change in pension calculations (tapers) and access age to encourage 

older workers to remain in the labour force (DEEWR, 2011, Centrelink, 2009). 
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Another aspect of the labour force specific to the Australian context is the high 

participation rate and availability of part-time employment in Australia. A paper 

released by the Productivity Commission reported that part-time employment grew 

from 10 per cent in 1966 to 29 per cent in 2007. This paper also outlined that the 

availability of part time work has increased for both sexes and for all age groups 

(Abhayaratna et al., 2008). 

Cai et al. (2008) argued that this availability of part-time employment needs to be taken 

into account when analysing how health shocks impact an Australian worker‟s labour 

market decisions. The focus should not just be on the labour force participation of these 

workers but also on their choice of labour supply as there are jobs available which can 

be substituted for full-time employment.  



 25  
 

4 Theoretical Model 

This chapter sets up a simple life cycle model in order to illustrate older workers‟ labour 

supply decisions for both when they are unconstrained and when they face hour 

constraints in their job. Experiencing a health shock will be incorporated into this life 

cycle model to examine how an older worker is predicted to respond to a health shock. 

This theoretical model is based on work done by Gielen, Cremer et al. and Sheshinksi 

(Gielen, 2009, Sheshinski, 2007, Sheshinski, 2006, Cremer et al., 2004).  

From a given age at time t, each older worker is observed in the labour market until 

time t=R and each worker lives until time T. At the end of each period, workers will 

decide whether they will continue working in the next period. At time t, each worker‟s 

preferences over consumption      and desired labour supply      can be expressed 

through the utility function in equation 4.1 which is assumed to be additively separable. 

                

      represents the disutility associated with working    hours at time t.
2
 If the interest 

rate and the discount rate are both assumed to be zero, then the lifetime utility ( ) can 

be represented in equation 4.2. 

               [∫        
 

   

 ∫        
 

   

] 

A worker will maximise their lifetime utility subject to a budget constraint with respect 

to retirement age ( ), consumption (  ) and labour supply (  ). In this case, with wage at 

time t denoted by   , no inheritances or bequests and no pensions for simplicity, the 

budget constraint can be written as equation 4.3. 

                                                           
2
 This is assumed to be non-decreasing with time in order for each individual to find retirement desirable. It is also 

assumed to be non-decreasing with    to reflect the opportunity cost of working. 

(4.1) 

 

(4.2) 
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∫     
 

   
 ∫       

 

   
 

To simplify the model, an individual is assumed to be consumption smoothing and thus 

will consume     each period, where     
∫       

 
   

 
. Maximising lifetime utility with 

respect to the budget constraint, equations 4.4 and 4.5 outline the first order conditions 

to determine optimal labour supply and retirement age respectively. 

                 
   

                      

Equation 4.4 specifies that the marginal benefit from working must be less than or equal 

to the cost of working at time t and equation 4.5 defines the optimal time period for the 

worker to retire (  ). An older worker will work until the disutility of working     hours 

at time    is less than or equal to the gain that the worker will receive from working     

hours at time   .  

What this study is concerned about is the impact a health shock will have on an older 

worker‟s labour supply decision. Let            where    identifies the presence of a 

negative health shock at time t. Taking the differential of the wage function with respect 

to the health shock variable, we would expect           . If any significant effect 

does exist, a health shock would be expected to have a negative impact on the wage to 

reflect a drop in the worker‟s productivity. 

Applying this to the optimal condition in equation 4.4, if the marginal benefit of 

working were to decrease possibly due to a negative health shock, to maintain 

equilibrium, an older worker is expected to reduce their desired labour supply. This 

 

(4.3) 

 

(4.4) 

 

(4.5) 



 27  
 

outcome will be tested in the empirical model to see if the data provides sufficient 

evidence to back up this theoretical prediction. 

Now, hour constraints are introduced into the theoretical model since an older worker‟s 

actual labour supply may be affected by these constraints. This study will focus on an 

over-employment constraint where a worker is required to work       hours. If a 

worker‟s optimal hours are greater than    (i.e.   
    ) then this constraint is satisfied. 

However, if a health shock occurs and this leads to a worker‟s optimal hours dropping 

below this hours constraint (i.e.   
     , then this equation will not be satisfied and 

these workers will be working more hours than they would prefer to be working.  

From equation 4.5, before a worker‟s optimal retirement age (   , the benefits of 

postponing retirement at age t will outweigh the costs of this postponement. Equation 

4.6 demonstrates this situation.  

                  

By definition, the disutility of working falls when hours worked falls and so in the 

presence of over-employment,     
        . This implies that the cost of working the 

desired number of hours is smaller than the cost of working the number of hours 

imposed by the constraint.   If we relate this to equation 4.5, which determines the 

optimal retirement age, equations 4.7 and 4.8 outline two possibilities which can occur 

in the case of over-employment. 

    
                     

Or 

    
                     

 

(4.6) 

 

(4.7) 

 

(4.8) 
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Equations 4.7 and 4.8 suggest that over-employment may lead to an earlier retirement of 

constrained workers compared to their unconstrained/under-employed counterparts. If 

this lower bound constraint exists, workers with optimal hours above this constraint will 

work their optimal working hours but those who are affected by this constraint (the 

over-employed) will work more than desired. Since the marginal disutility of work is 

larger for an over-employed worker, they could increase their lifetime utility   ) by 

lowering their desired retirement age     .  

As well as the impact of a health shock on labour supply, this study will also analyse the 

effect of a health shock on an older worker‟s probability of becoming over-employed.  

If health shocks are found to lead to over-employment, then a health shock could 

potentially have an indirect effect on an older worker‟s labour force participation. The 

theoretical predictions from this model will be tested using econometric models in the 

empirical section of this paper. 
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5 Data Description 

The data used in this study was obtained from all available waves of the HILDA survey. 

The HILDA survey which began with wave 1 in 2001, surveys a large proportion of 

Australian households living in private dwellings. The waves are conducted in yearly 

intervals and there are currently nine waves in the data set with the last wave being in 

2009. In wave 1, there were 19 914 individuals from 7682 households interviewed and 

the survey has attempted to interview these same individuals in each subsequent wave.  

The HILDA survey does take into account households which experience any changes in 

composition throughout the nine waves. For example, if new individuals enter the 

household, they will only be interviewed if they remain in that household or if they 

become Continuing Sample Members (CSMs). CSMs are all members of wave 1 

households, any children born to or adopted by CSMs and all new entrants to a 

household who have a child with a CSM. 

5.1 Descriptions of Survey Instruments
3
 

There are four main instruments in the HILDA survey. Firstly, there is the Household 

Form which keeps record of basic information about the household and how the 

household changes in composition over time. The second instrument is the Household 

Questionnaire which is only completed by one member of the household and the 

primary purpose of this questionnaire is to collect information about the household, not 

the individual. The third instrument consists of the Person Questionnaires which are 

required to be filled out by all members of a household who are aged 15 years old and 

over. Those who have never been interviewed before fill out a New Person 

                                                           
3 More details available from the from HILDA manual: The Melbourne Institute (2011). 
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Questionnaire (NPQ) and those who have been interviewed before fill out the 

Continuing Person Questionnaire (CPQ). The NPQ is different from the CPQ in that it 

asks questions about the individual‟s history and background such as country of birth, 

family background, level of education undertaken and employment and marital history. 

The fourth and final instrument given to all who complete a Person Questionnaire is 

the Self-Completion Questionnaire. The purpose of this questionnaire is to ask 

questions which some individuals may find uncomfortable answering in an interview. 

These questions are mainly personal questions which focus on collecting detailed 

information about income, employment status and well-being. This questionnaire is 

not always returned by respondents, allowing for missing values for observed 

individuals in questions asked by the Self-Completion Questionnaire. 

5.2 Key Features of the Dataset Relevant for the Study 

This data set has many desirable properties which make it ideal for this study. Firstly, it 

uses the household as a sampling unit but attempts to obtain interviews from all 

members of the household. Because of this, an individual‟s partner is able to be 

identified, allowing both individuals‟ questionnaire answers to be linked and the 

partner‟s effects on an individual‟s behaviour to be captured. 

Secondly, this data set attempts to follow and collect information from the same 

households and individuals across the nine waves. The panel structure allows for 

dynamic effects to be captured and also for models which account for certain types of 

unobservable time-invariant individual effects. 

The last feature of this data set which makes it ideal to use in this study is its extensive 

information on individuals and households. HILDA provides information on the main 
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areas of interest, labour market characteristics and health characteristics, as well as 

relevant control variables. 

5.3 Sample Selection 

Several steps need to be taken to obtain the required sample for this study. To broaden 

the sample size and to minimise attrition bias, an unbalanced panel is used. This implies 

that an individual is not required to be observed in all nine waves of the survey. In this 

case, because the aim is to observe changes across time, an individual is required to be 

observed in a minimum number of two waves which are not necessarily consecutive. 

Since the focus of this study is on the older age cohort, individuals who do not fit into 

this cohort are not included in the sample. This older age cohort includes those aged 

between 45 and one year prior to their expected retirement age. This expected 

retirement age is defined to be when these individuals can access the age pension.
4
 

Hence, for any individual entering the survey for the first time, to be included in the 

sample they must be aged within this bracket. With the unbalanced panel and the older 

age cohort requirements, there are 3916 individuals and 28921 observations in the 

sample of interest. 

Due to missing values of important variables used in the modelling, there were a few 

observations that needed to be dropped from the sample. There were 4 observations 

deleted because they were observed but had no labour force participation information. 

For the education variable, those 22 observations which did not give any information 

about their education were dropped.
5
 In general, those who are not in the labour force 

                                                           
4 A year prior to this cohorts retirement age is 61 and 64 for females and males respectively. This follows the sample 

set-up in Zucchelli et al (2010) using HILDA data. 
5 9 of these people are female, 9 are self-employed, white collar workers and 13 are out of the labour force. 
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received a missing value for any employment question. Because the number of hours 

worked is an important variable in this study, those 29 observations which reported 

being employed but had a missing value for hours of work were dropped from the 

sample.
6
 Overall, this leaves 28866 observations in the sample. 

There will be two types of samples used in this study. The first sample includes all 

people observed at least twice across the nine waves, conditional on them being 

employed in the last observed period. This is what is termed the previously employed 

sample and the number of observations in this sample is 15251 (2883 individuals). 

Some observations are not included because of missing values of key explanatory 

variables.
7
 

The second sample includes all individuals who are observed twice across the nine 

waves, conditional on them being currently employed and employed in the last observed 

period. This sample is termed the employed sample and the number of observations in 

this sample is 13974 (2669 individuals).  Again, some observations are not included 

because of missing values of key explanatory variables.
8
 

5.4 Treatment of Missing Data 

In the section above, the omission of observations which needed to be dropped due to 

missing data for some of the main variables was outlined.  The number of observations 

dropped in these circumstances was small. However, there are some other variables for 

which many observations have missing values and this needs to be accounted for in a 

different way since dropping these observations may introduce sample selection bias. 

                                                           
6 16 were female, 12 were blue collar workers and 17 were white collar workers. 
7 See table A-2 in appendix A to see details on the construction of this sample. 
8 See table A-3 in appendix A to see details on the construction of this sample. 
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In this section, the treatment of this missing data is outlined.
9
 If many missing values 

were found in a continuous variable, this variable was set equal to the mean value 

evaluated for the rest of the sample. A dummy variable was also created to equal 1 if 

this value was missing and 0 otherwise. For income variables, the imputed values were 

used.
10

 However this procedure was followed if the imputed wage income or household 

non-labour income equalled zero. The reason for this was due to these zero values 

coming from individuals who reported themselves as employed and working some 

positive number of hours.
11

 

If the missing values occurred in a discrete variable which was needed to create a 

dummy variable, then this dummy variable was set equal to zero and another dummy 

variable was created which would equal one when the value was missing and zero 

otherwise. The main variables for which this method was used were the health shock 

variables. The most likely reason for the missing values of these health shock measures 

was due to the Self-Completion Questionnaire not being returned by the respondent.
12

 

The main variables and number of observations for which these procedures were used 

are reported in Table 5-1.
13

 

Table 5-1: Variables with missing values 

Variable 
Derived from 

HILDA variable 

No. of Missing Observations (sample 

used) 

Subjective health shock* gh2 1013 missing (previously employed) 

Objective health shock* leins 968 missing (previously employed) 

Partner‟s health shock* partner‟s gh2 1328 missing (previously employed) 

Ln(wage) wscei 2328 zero wage/salary income (employed) 

Non-labour income hifefp 118 zero household income (employed) 
Note: * denotes discrete variable 

                                                           
9 Another imputation method for dealing with missing values on regressors rather than the dummy variable approach 

used here would be the GMM method outlined in (Abrevaya and Donald, 2011). 
10 For a description of imputation methods see the HILDA user‟s manual, The Melbourne Institute (2011). 
11 Over half of those who reported a zero wage were self-employed and of the 1057 who were not self-employed, 

40% were blue collar workers, 75% were full-time workers and 35% were female. Of those who reported zero non-

labour income, 64% were blue collar workers, 47% were self-employed and 42% were female. 
12 It is worth noting that when this method was implemented for when the partner‟s health shock measure was 

missing, this only applies to those respondents who had a partner. 
13 The variables are defined in the discussion below, also see table A-1 in appendix A. 
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5.5 Dependent Variables 

The main dependent variable in this study is the labour supply of older workers. As 

discussed in the theoretical model, the labour supply measure which should be used is 

the utility maximising labour supply for the individual (Doiron, 2003). If an individual 

has a desired weekly number of working hours which is not equal to their actual weekly 

working hours, then using the actual hours worked and including these people in the 

model may lead to problematic results. This is because the group of people for which 

this is not equal may be systematically different to the group for which it is equal 

(Bryan, 2007). 

If the labour supply is modelled, then desired labour supply will be used as the 

dependent variable and this is found in HILDA‟s New Person/Continuing Person 

Questionnaire (question no. C5). The survey question asks employed respondents “In 

total, how many hours a week, on average, would you choose to work? Again, take into 

account how that would affect your income”. 

The desired labour supply is not observed for those who are not in the labour force or 

unemployed. Since these individuals are included in the previously employed sample, 

an assumption is made that their desired labour supply is zero. This implies that 

involuntary unemployment is not modelled due to the small number of unemployed 

observations.
14

 

As well labour supply, there are two more dependent variables which need to be 

outlined in this section. In order to look a little deeper into the impact health shocks 

have on constrained workers, the direct and indirect effects of health shocks on the 

probability of leaving the labour force are examined. The dependent variables used in 

                                                           
14 303 observations are unemployed in the previously employed sample. 
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this section of the analysis are both binary variables, one for whether an individual is 

over-employed and the other for whether an individual is not in the labour force.
15

 

Whether an individual is not in the labour force is given in the HILDA survey. To 

construct the over-employment variable, the actual hours of work and desired hours of 

work are used. This variable can be written as a dummy variable equalling 1 if an 

individual is working more hours than desired and 0 otherwise. The reason for focusing 

on over-employed workers instead of the under-employed is because the former are 

deemed more likely to drop out of the labour force due to the nature of over-

employment (Gielen, 2009, Kofi Charles and DeCicca, 2006). Although the under-

employed and unconstrained are being grouped together, this should not be a problem 

due to the homogenous nature of the sample of older workers. As well as this, the 

under-employed are only approximately 10 per cent of the employed sample.
16

 

Table 5-2 contains descriptive statistics for different groups of workers for the 

dependent variables outlined above. The actual hours of work variable is also 

summarised in this table in order to observe its differences with desired hours of work. 

From this table, the average desired hours for all groups are found to be smaller than 

average actual hours. The average desired and actual hours are larger for males 

compared to females and for blue collar workers compared to white collar workers. 

Around 7 to 9 per cent of each group in the previously employed sample are not in the 

labour force. In the employed sample, a significant proportion of all groups of workers 

report being over-employed. In appendix A, table A-4 presents the descriptive statistics 

for the over-employed and not over-employed groups for the employed sample and 

table A-5 presents these statistics for the previously employed sample. There are 

                                                           
15 It is acknowledged that older workers can both enter and exit the labour force; however, the focus when looking at 

the effect of a health shock will be on leaving the labour force. 
16 See tables A-5 and A-6 in appendix A for detailed information on the under-employed, unconstrained and over-

employed samples. 
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considerable differences in the descriptive statistics between those who are over-

employed and those who are not over-employed. For example, the over-employed work 

more hours per week on average and there is a lower proportion of over-employed 

workers who are blue collar or self-employed workers. This highlights the need for hour 

constraints to be taken into account when considering an older worker‟s labour market 

decisions. 

Table 5-2: Dependent variable descriptive statistics 

Actual Labour Supply (for employed sample)  

Group Mean Actual Hours Standard Deviation Total Obs 

Female 33.379 15.034 6339 

Male 43.365 15.044 7635 

White Collar 38.276 15.418 10125 

Blue Collar 40.307 16.811 3849 

Desired Labour supply (for employed sample) 

Group Mean Desired Hours Standard Deviation Total Obs 

Female 29.867 12.450 6339 

Male 38.211 13.351 7635 

White Collar 33.370 15.418 10125 

Blue Collar 37.201 14.601 3849 

Labour force participation (previously employed sample) 

Group LF (%) NILF (%) Total Obs 

Female 6419 (92) 590 (8) 7009 

Male 7697 (93) 545 (7) 8242 

Previous White Collar 10228 (93) 761 (7) 10989 

Previous Blue Collar 3888 (91) 374 (9) 4262 

Overemployment outcomes (for employed sample) 

Group Not over-employed (%) Over-employed (%) Total Obs 

Female 4325 (68) 2014 (32) 6339 

Male 4747 (62) 2888 (38) 7635 

White Collar 6309 (62) 3816 (38) 10125 

Blue Collar 2763 (72) 1086 (28) 3849 

Note: LF – in the labour force, NILF – not in the labour force 

5.6 Key Explanatory Variables  

Within the HILDA survey, there is an extensive list of explanatory variables available 

which could be used as controls in the empirical modelling. Many of these variables 
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have been used as controls in previous studies researching labour market decisions. 

While there are multiple models being estimated in the econometric analysis chapter, all 

of these models will have similar explanatory variables. The definitions for all variables 

used in this study can be found in table A-1 in appendix A. 

From the motivation of this study, it is clear that the main explanatory variable of 

interest is the health shock variable. For each model undertaken in the study, the aim is 

to observe the role that a sudden deterioration in an individual‟s health plays in their 

labour market decisions.
17

 There are two different measures of health shocks obtained 

from the data set which will be used in this study, a subjective measure and an objective 

measure. The subjective measure stems from the question “Compared to one year ago, 

how would you rate your health in general now?” in the Self-Completion Questionnaire 

(question no. A2). The objective measure comes from the question “We now would like 

you to think about major events that have happened in your life over the past 12 months. 

For each statement cross either the YES box or the NO box to indicate whether each 

event happened during the past 12 months… f) Serious personal injury or illness to 

self” in the Self-Completion Questionnaire (question no. B23f). 

The reasons for the inclusion of key demographic variables in the modelling such as 

age, sex, marital status, education level and race may be clear given the underlying 

utility maximisation model but for some of the variables, their inclusion may need to be 

explained.  

Many explanatory variables are used to integrate the effects of an individual‟s job 

characteristics or previous job characteristics into the model. These characteristics are 

included to reflect an older worker‟s job situation in terms of their job entitlements and 

                                                           
17

 This study focus on negative health shocks rather than positive health shocks. Some papers, including Disney et al. 

(2006), have looked at both negative and positive health shocks and found the effects to be symmetric. 
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type of workplace. One of the aims of this study is to examine whether there is a 

differential impact of a health shock on the labour market decisions of blue and white 

collar workers. Therefore, a dummy variable signalling whether an individual is in a 

blue collar occupation is included in the modelling.
18

 Other job characteristic variables 

include tenure within an occupation, union status, casual worker status and self-

employed status. 

An individual‟s wage and non-labour income are treated as separate variables in the 

analysis since they are likely to have different effects on labour market decisions and 

outcomes (Bryan, 2007). Wage income reflects the opportunity cost of reducing labour 

supply and the overall effect of a change in wages will include both substitution and 

income effects. Non-labour household income reflects an individual‟s income separate 

from their earnings and, if it is high, may make an individual more likely to reduce their 

labour supply as it captures income effects only.
19

 Non-labour income is allowed to be 

negative to incorporate money owed by the household. 

Finally, the last explanatory variable which needs explanation is the interaction variable 

of the presence of a partner and this partner‟s subjective health shock. This is included 

to account for the possibility of a partner‟s health affecting an individual‟s labour 

market decisions (Coile, 2004). 

5.7 Summary Statistics for the Two Main Samples 

Tables 5-3 and 5-4 present descriptive statistics for the employed and the previously 

employed samples, with separate figures for males and females. The same separation of 

                                                           
18 Table A-1 in appendix A outlines how blue and white collar workers are defined 
19 An individual‟s wage is not treated as endogenous in the modelling, the reason for this being that all the variables 

which would be used to model wages are controlled for in the modelling (age, education etc.) 
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gender will be carried out in the modelling. It is common in the literature to separate 

females and males when studying labour market behaviour and the results from the 

literature support this separate treatment. Pelkowski and Berger (2004) argue this 

separation is even necessary when studying samples past child rearing ages, especially 

when it comes to identifying how health affects labour market decisions. This is due to 

males and females having a different level of attachment to the labour force and facing 

different “physical demands of employment” (Pelkowski and Berger, 2004 p. 106). 

Therefore, it is likely that health shocks will have different effects on older male and 

female labour supply decisions. 

Table 5-3: Descriptive statistics for employed sample 

 Mean (standard deviation) 

Variable Male Female 

Age 55.557 (5.161) 54.609 (4.572) 

Above retirement age* 0.055 (0.228) 0.081 (0.272) 

Education level 2.921 (1.366) 2.678 (1.485) 

English speaking born* 0.882 (0.323) 0.889 (0.314) 

Married* 0.846 (0.361) 0.701 (0.458) 

Subjective health shock* 0.099 (0.299) 0.116 (0.320) 

Objective health shock* 0.077 (0.267) 0.070 (0.256) 

Blue collar occupation* 0.399 (0.490) 0.127 (0.333) 

Union* 0.287 (0.453) 0.330 (0.470) 

Self-employed* 0.160 (0.367) 0.082(0.275) 

Casual worker* 0.109 (0.312) 0.173 (0.378) 

Tenure with occupation 18.816 (13.607) 15.094 (11.860) 

Ln(wage) 3.135 (0.553) 3.014 (0.501) 

Weekly non-labour household income 1091.052 (1526.585) 1151.480 (1528.859) 

Observations 7635 6339 
Note:* denotes dummy variable 

 

From the descriptive statistics table for the employed sample, a higher proportion of 

men in this sample are married, blue collar workers and self-employed compared to 

women. Compared to men, a higher proportion of women in this sample report 

experiencing a subjective health shock and also report being a member of a union. On 

average, females seem to have significantly higher weekly non-labour income which is 
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most likely due to their partners (males) working more on average. All of these 

differences are significant at the 5% significance level. 

Table 5-4: Descriptive statistics for previously employed sample 

 Mean (standard deviation) 

Variable Male Female 

Age 55.881 (5.319) 54.824 (4.666) 

Over retirement age* 0.067 (0.251) 0.092 (0.289) 

Education level 2.909 (1.364) 2.657 (1.486) 

English speaking born* 0.883 (0.321) 0.890 (0.313) 

Married * 0.841 (0.365) 0.704 (0.457) 

Subjective health shock* 0.109 (0.311) 0.126 (0.332) 

Objective health shock * 0.087 (0.281) 0.077 (0.266) 

Previous blue collar occupation* 0.401 (0.490) 0.136 (0.343) 

Previous union* 0.290 (0.454) 0.317 (0.466) 

Previous self-employed* 0.160 (0.367) 0.085 (0.278) 

Previous casual worker* 0.120 (0.325) 0.198 (0.398) 

Previous tenure with occupation 18.177 (13.516) 14.235 (11.707) 

Previous ln(wage) 3.088 (0.561) 2.967 (0.517) 

Previous weekly non-labour household 

income 
1009.777 (1413.864) 1102.151 (1469.465) 

Observations 8242 7009 
Note: * denotes dummy variable 

 

Compared to the employed sample, table 5-4 shows similar descriptive statistics for the 

previously employed sample. One observation that should be noted is that there is a 

higher incidence of subjective and objective health shocks in the previously employed 

sample compared to the employed sample. This is not surprising since this sample 

incorporates those who left the labour force as well as those who remained in the labour 

force. 

In order to identify whether the data shows any preliminary indication as to whether 

health shocks lead to over-employment or to leaving the labour force, table 5-5 uses the 

previously employed sample to identify transitions within labour market states in 

response to a subjective health shock.
20

 The top panel of this table captures the 

                                                           
20 The same table using objective health shock can be found in table A-6 of appendix A. All conclusions from table 5-

5 using subjective health shocks hold for the objective health shock. 
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transitions for those who experienced a health shock at time t and the bottom panel 

captures the transitions for those who did not experience a health shock at time t. 

Table 5-5: Transitions given a subjective health shock 

 
Time t (given health shock experienced) 

Time t-1 Over-employed U & U NILF UNEM 

Over-employed 0.635 0.222 0.127 0.016 

U & U 0.224 0.599 0.156 0.021 

 
Time t (given no health shock experienced) 

Time t-1 Over-employed U & U NILF UNEM 

Over-employed 0.640 0.299 0.050 0.011 

U & U 0.192 0.724 0.073 0.011 

Note: U & U- under-employed and unconstrained, NILF- not in the labour force, UNEM- unemployed 

 

What can be observed from the transition table is that health shocks seem to lead to a 

higher proportion of previously unconstrained or under-employed workers to become 

over-employed if they remain in the labour force. As well as this result, it appears that 

experiencing a health shock leads to a significantly higher proportion of both previously 

unconstrained or under-employed and over-employed workers leaving the labour force. 

Both of these differences are significant at the 1% significance level.  

In the theoretical model, over-employed workers were predicted to be more likely to 

leave the labour force compared to those who are not over-employed. This is not 

apparent in the transition table since, regardless of whether a health shock occurred, a 

higher proportion of previously under-employed or unconstrained workers leave the 

labour force compared to those who were previously over-employed. Further modelling 

is needed to see whether this result remains after controlling for other factors. 

This study also looks to identify whether Australian older workers lower their labour 

supply in response to a health shock. Table 5-6 presents descriptive statistics using the 

employed sample for the desired and actual labour supply of males and females, given a 
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subjective health shock and given no subjective health shock.
21

 This table shows that, 

on average, only older working males seem to have a negative response in their desired 

and actual hours as a result of a subjective health shock. These differences for males are 

significant at the 1% significance level. Again, further modelling is needed to identify 

whether these results remain whilst controlling for other factors. 

Table 5-6: Desired and actual hours for the employed sample given a 

subjective health shock 

 
Time t (given health shock)  

 
Mean Standard deviation Obs 

Male desired hours 36.789 13.150 
757 

Male actual hours 41.649 15.502 

Female desired hours 29.191 12.169 
734 

Female actual hours 32.657 15.551 

 

Time t (given no health shock)  

 

Mean Standard deviation Obs 

Male desired hours 38.367 13.364 
6878 

Male actual hours 43.554 14.982 

Female desired hours 29.956 12.484 
5605 

Female actual hours 33.474 14.964 

 

  

                                                           
21 This table is also calculated given an objective health shock in table A-7 of appendix A. Interestingly; the 

differences in desired and actual hours when given an objective shock and no objective shock only vary marginally 

for males and females. 
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6 Econometric Analysis 

6.1 Overemployment and Retirement Models 

This section will outline the econometric models used when addressing whether health 

shocks lead to over-employment and the ways in which health shocks can also lead to 

the ultimate reduction of labour supply, leaving the labour force. 

Firstly, the econometric model for the probability of leaving the labour force (      will 

be developed. From there, this model will be used to develop the model for the 

probability of over-employment (      which allows for the persistence of over-

employment to be captured in the model.  Finally, how endogenous variables are 

controlled for will be addressed. 

6.1.1 Static Model 

In the following binary response model,      is an indicator for not being in the labour 

force at time t.      is a vector which contains control variables and the health shock 

variable. 

          
              

A composite error term is assumed for each time period and each individual:      

         where     is an individual‟s unobserved time-invariant heterogeneity and     

is the transitory disturbance.
22

 Hence,      and        will be correlated due to the time 

constant     . 

                            

                                                           
22    and     are both assumed to be normally distributed, with means of zero and variances of    

  and    
  

respectively. The correlation between these terms is assumed to be zero.  

 

 

(6.1) 

 

(6.2) 
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In the case of panel data and continuous dependent variables, fixed effects are usually 

used to incorporate this unobserved time-invariant individual heterogeneity into the 

model. However, for discrete dependent variables, fixed effects methods are not usually 

feasible and so random effects will be used in this study when modelling a probit model 

with a discrete dependent variable.
23

 

The random effects (RE) method assumes that an individual‟s unobserved time-

invariant heterogeneity (   ) is randomly drawn from a specified distribution. 

Compared to fixed effects, there is an additional assumption made when using RE. The 

random effect is assumed to be uncorrelated with the covariates. Thus as well as 

assuming      and      are uncorrelated, the standard RE model also assumes that     

and      are uncorrelated.  

Unfortunately, this type of correlation is likely in the context of this study. For example, 

an individual‟s innate motivation is a time-invariant individual specific omitted variable 

which is expected to be correlated with education and most likely other covariates as 

well. Mundlak (1978) and Chamberlain (1984) developed a correlated random effects 

(CRE) model to allow for correlation between the random effect (   ) and the covariates 

(      (Sousounis, 2008, Mundlak, 1978, Chamberlain, 1984). CRE allows for this 

correlation by assuming a relationship between these variables as demonstrated in 

equation 6.3, where  ̅   is the time average of      for person i (Stewart, 2006, 

Wooldridge, 2009). It is important to note that this specification will only control for 

correlation between     and      and the assumption that      and      are uncorrelated 

remains. 

                                                           
23 Wooldridge (2002) addresses using a Linear Probability Model (LPM) with fixed effects instead of a model which 

is specifically adapted for discrete dependent variables and uses random effects. He argues that this LPM method 

with fixed effects is not as flexible as it is thought to be due to its bounding of the unobserved individual specific 

effect (p. 482). 
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        ̅          

In equation 6.3,              
   and thus,      |          . However,      |     is 

allowed to be constant across individuals. The standard RE model with the Mundlak-

Chamberlain specification is shown in equation 6.4. This is the model which will be 

estimated for the probability of leaving the labour force in the next chapter.  

         
          ̅                   

6.1.2 Dynamic Model 

Using the model for the probability of leaving the labour force, this section will develop 

the model which captures the dynamics of over-employment.  By capturing the dynamic 

nature of this series, this enables individual effects to be disentangled from the role of 

state dependence (Vella, 1998). 

Using the model set-up in equation 6.2 and including a lagged dependent variable, a 

model for the probability of over-employment (    ) is obtained in equation 6.5.  

             
                         

As the lagged dependent variable will be correlated with the unobserved individual 

time-invariant effect      , using the standard RE probit would lead to the 

overestimation of the state dependence effect. This has been termed the initial 

conditions problem (Heckman, 1981). It is caused by the correlation between past 

values of the dependent variable and the individual unobserved heterogeneity and hence 

the strict exogeneity of the covariates which is assumed in the standard RE model no 

longer holds (Arulampalam and Stewart, 2009, Stewart, 2006). 

To control for this problem, Wooldridge (2005) proposes a dynamic CRE model to 

allow for state dependence and unobserved heterogeneity. After incorporating the 

 

(6.3) 

 

(6.4) 

 

(6.5) 
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Mundlak-Chamberlain specification as stated in equation 6.3, this estimator goes onto 

assume a model which is specified for the unobserved effect given observed covariates 

and the initial conditions (Wooldridge, 2005). Equation 6.6 outlines the base model 

which will be used to estimate the probability of over-employment. 

                    

             
                         ̅                 

6.1.3 Endogeneity 

The final model in this section is one which controls for endogenous covariates. The 

endogeneity in this case comes from an endogenous covariate being correlated with the 

time-variant part of the composite error term. Giles and Murtazashvili (2010) address 

the issue of having an endogenous covariate in a dynamic CRE probit model and use the 

Rivers and Vuong control function approach to correct for endogeneity (Giles and 

Murtazashvili, 2010, Rivers and Vuong, 1988).  

If there is a covariate     which is endogenous in the over-employment model (    ), 

then this endogenous variable is modelled as a function of the exogenous variables 

(including instruments) and their time-averages. As a result, we obtain what Rivers and 

Vuong describe as a reduced-form equation (equation 6.7).  

            ̅              

where                 consists of a vector of instrumental variables which contains at 

least one more variable than the vector of the exogenous variables in the model (    ). 

Equation 6.8 outlines a new composite error term from this reduced-form equation. 

               

 

(6.6) 

 

(6.7) 

(6.8) 
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Assuming a bivariate normal distribution with zero mean for (           and 

independence with covariates, 

                 

                       

In equation 6.9,     is a serially uncorrelated random term which is independent of     

and     . Giles and Murtazashvili (2010) specify the Wooldridge specification in this 

case to take the form of equation 6.10 and this equation, as well as equation 6.9, is then 

substituted into a dynamic CRE probit model for over-employment. To simplify,      

contains the endogenous covariate (    , all exogenous covariates (      and the lagged 

dependent variable (       .  

                 ̅          . 

          
                  ̅                        

Equation 6.11 is a dynamic CRE probit model for the probability of over-employment 

which corrects for an endogenous regressor using the control function approach.  

6.2 Labour Supply Models  

This section outlines the econometric models which are estimated for the second area of 

this study which focuses on the labour supply of older workers. The desired labour 

supply variable is taken to be a worker‟s true labour supply. However, it is important to 

keep in mind that some people‟s desired labour supply is not equivalent to their actual 

labour supply. The first model in this section will ignore this and make the assumption 

that unconstrained and over-employed workers can be modelled together. The second 

 

(6.9) 

 

(6.11) 

 

(6.10) 
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model in this section takes this issue into account and uses a sample of unconstrained 

workers whilst accounting for the selection associated with being unconstrained. 

6.2.1 Dynamic Random Effects Tobit 

The first labour supply model uses the previously employed sample to model labour 

supply. This captures those who change their labour supply to some other positive 

amount and those who drop their labour supply fully by leaving the labour force. 

Because of this, there will be a considerable number of observations equalling zero in 

the second period for those who were working in the first period. In order to incorporate 

this into the modelling, a dynamic tobit model will be estimated. This is the same type 

of model carried out by Cai et al. (2008) on observed hours. Due to this model 

specification, RE will be utilised to control for the unobserved individual time-invariant 

heterogeneity. 

The dynamic model for desired working hours can be written as follows, where     
   and 

   
  are the latent and observed desired labour supply respectively: 

   
          

                   

   
        

         
     

                    
      

As before,     is a vector which contains control variables and the health shock variable. 

Unobservables which affect hours are captured by the individual unobserved time-

invariant heterogeneity (  ) and the transitory disturbance (   ).
24

  

The inclusion of the lagged dependent variable on the right hand side of equation 6.12 is 

due to desired working hours being a persistent series (Bryan, 2007, Cai et al., 2008). 

                                                           
24    and     are both assumed to be normally distributed, both with means of zero and variances of   

  and   
  

respectively. The correlation between these two terms is assumed to be zero. 

 

(6.12) 

 

(6.13) 
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However, for equation 6.12 to give consistent results, the initial conditions need to be 

exogenous and this assumption is likely to be violated. Similar to section 6.1, 

Wooldridge‟s (2005) estimator will be used to control for this problem. 

Following a similar set-up outlined in the probit case in the section 6.1, the explanatory 

variables used will be    ,      
 ,    

  and  ̅ . To implement Wooldridge‟s estimator,    is 

defined to be a function    
  and    :  

            
    ̅       

Substituting equation 6.14 into equation 6.12, the CRE tobit model for labour supply 

can be written in equation 6.15. 

   
          

                    
    ̅            

6.2.2 Linear Regression with Sample Selection Correction 

The second model of labour supply attempts to control for the issue of hour constraints 

affecting how labour supply is determined. The dynamic model for the desired working 

hours of unconstrained workers is presented in equation 6.16, where     
   and    

  are 

latent and observed desired labour supply respectively. 

   
           

                     

According to the theory outlined in chapter 4, some individuals will be off their supply 

curves and thus not working their desired hours.  For those working more hours than 

desired,    
   and    

  are latent and observed desired labour supply respectively and 

equation 6.17 outlines the labour supply model for the over-employed. 

   
           

                     

 

(6.15) 

 

(6.16) 

 

(6.17) 

 

(6.14) 
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It cannot be assumed that the hours for the unconstrained and the over-employed will be 

determined in the same way, so the coefficients and unobservables may differ between 

these groups (Bryan, 2007). As well as the issue of differences between unconstrained 

and over-employed workers, some workers are more likely to leave the labour force 

than others due to a higher mismatch of actual and desired hours.  

If an individual is equally likely to be over-employed, unconstrained or out of the labour 

force, then it would be a simple matter of estimating equation 6.16 for unconstrained 

workers. However, it could be that those who have higher motivation, an above-average 

liking for work or like to work in some periods but not in others are systematically less 

likely to be unconstrained. Then, if these models are estimated without incorporating 

this selectivity, the results obtained may be biased. A sample selection mechanism is 

needed to control for the fact that workers select themselves into these three states. 

Let    
  in equation 6.18 be the latent propensity to have a higher mismatch of hours, 

meaning that actual hours of work are greater than desired hours of work.      is the 

discrete dependent variable in the selection model which is equal to 0 if a worker is 

working their desired hours, 1 if a worker‟s desired hours are smaller than their actual 

hours (over-employed) and 2 if a worker‟s desired hours are a lot smaller than actual 

hours available to them, leading them to leave the labour force. 

              
             

     ̅          

            
     

                             
      

                    
  

To estimate equation 6.18, a CRE ordered probit model is used.     will contain at least 

one variable to identify selection which is not used in the labour supply model for 

 

(6.18) 
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unconstrained workers. In this case, the lagged over-employment status will be the main 

covariate which acts as the selection identifier. The error components of the selection 

model are assumed to be normally distributed and independent of each other with 

variances   
  and   

 , where   
  is normalised to 1. 

Let the variances of the error components for the hours equations (    and       where j= 

1, 2, 3) be    
  and    

  respectively. Non-random selection into being unconstrained 

occurs if the errors in the selection equation are correlated with the unconstrained labour 

supply equation.     and     are allowed to be correlated (the permanent effect 

correlation     )  and      and     are also allowed to be correlated (the transitory effect 

correlation     ). These correlations affect the consistency of the estimator of    and so 

when using RE both of these correlations are required to be equal to zero. 

To obtain this model of labour supply for the unconstrained workers, an extension of the 

two-step Heckman estimator which incorporates panel data and ordered selection will 

be used (Bryan, 2007). Using the selection model, correction terms are calculated and 

then added to the labour supply model for unconstrained workers to correct for 

selection. 

Developed by Vella and Verbeek (1999), these correction terms are the expected values 

of the time-variant and the time-invariant parts of the composite error term in the labour 

supply model for unconstrained workers (equation 6.16).  The labour supply model 

which incorporates the Mundlak-Chamberlain specification and selection correction 

terms is outlined in equation 6.19.  

     
 |              

           ̅          |       

where       |                   ̅                               

 

(6.19) 
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    and   ̅ are the two correction terms needed to control for sample selection in the 

main labour supply equation. The above equation suggests that the conditional 

expectation of      is a linear function of    . Bryan presents this linear function to be of 

the form in equation 6.20 (Bryan, 2007 p.234).  

      |          |            |     

                    
    

       
  

∑     |    

  

   

 [         |     
      

 

(      
 )

 ∑     |    

  

   

] 

To solve for the conditional expectation of       Vella and Verbeek (1999) calculate 

equation 6.21. 

     |        ∫     {   |     }     |          

where f(.) denotes the conditional density function of    and  {   |         } is the 

cross-sectional generalised residual from the CRE ordered probit model. To solve for 

    |      , Bryan (2007) uses the rules of conditional probability to obtain equation 

6.22. 

    |        
    |           

    |   
 

                                  

 
  

  
  

  
 ∏     |     

 
    

[∫
 
  

  
  

  
     |         ]

 

where l(.) represents the form of the likelihood contribution of individual i in each cross 

section (Vella and Verbeek, 1999 p.243, Bryan, 2007 p.235). 

There is a computational issue involved in estimating equation 6.21 since it involves 

two integrals. The cubic spline algorithm is utilised to evaluate these two integrals, 

 

(6.21) 

 

(6.22) 

 

(6.20) 
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following Bryan (2007). In this procedure, 50 integration points are used over a range of 

-5 to +5 of the normalised integral (Bryan, 2007).
25

 All of the models outlined in this 

chapter, except the labour supply model for unconstrained workers, will be estimated 

with maximum likelihood estimation using Gaussian quadrature.
26

 

  

                                                           
25 Thank you to Mark Bryan for providing me with the Stata code used in his 2007 paper. 
26 The Stata 11 program will be used to carry out these models. 
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7 Results from the Econometric Analysis 

In this chapter of the study, the models outlined in chapter 6 are applied to the data and 

the results of these models are presented. These results will help to determine whether 

there is empirical evidence behind health shocks impacting an older worker‟s labour 

supply and, specifically, if this effect differs for blue and white collar workers. The 

health shock measure used in this chapter will be the subjective measure which was 

discussed in section 5.6. Compared to more objective measures, this measure contains 

additional information about an individual‟s health perceptions which is likely to affect 

their labour market behaviour. However, there are issues with using this subjective 

measure which are outlined in chapter 8. The results obtained in this chapter will be 

compared with those found in chapter 8 using an objective measure of a health shock. 

7.1 Estimation Results for Constrained Workers and Health Shocks 

This section presents the results for the probability of over-employment and the 

probability of leaving the labour force models. What is of particular interest in these 

results is whether there is evidence of health shocks leading to over-employment for 

particular groups of workers and also whether being over-employed or experiencing a 

health shock will contribute to the probability of an older worker leaving the labour 

force. 

7.1.1 Results from Models for Over-employment 

Both models for the probability of being over-employed use the employed sample 

detailed in chapter 5. The base model (model 1) is a dynamic CRE probit outlined in 
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equation 6.6 and model 2 builds on model 1 but captures both channels in which health 

shocks can work to influence a worker‟s over-employment status. 

Model 1 controls for the direct channel in which a health shock can influence a worker‟s 

over-employment status while also controlling for previous hours worked. However, 

given a health shock, those workers who can alter their actual hours of work will do so 

and thus a current health shock is likely to be negatively correlated with current hours of 

work. Since hours of work is time-variant and likely to have a significant impact on a 

worker‟s over-employment status, if this variable is omitted from the model, the 

estimated effect of a health shock may be underestimated. Thus, it is interesting to 

incorporate this second mechanism in the modelling.  

Model 2 replaces previous hours worked with a new variable, the change in hours 

worked. The change in hours worked is potentially endogenous since there may be 

some time-variant unobservable effect which causes an individual to experience a 

higher change in hours and feel over-employed at the same time. To correct for this 

endogeneity, the Rivers and Vuong control function approach outlined in equation 6.11 

is used.  

The instrument which will be used in model 2 will be the change in partner‟s hours 

worked. The assumptions needed for this to be a valid instrument are that the change in 

the partner‟s hours is highly correlated with the worker‟s change in hours and this 

instrument cannot be correlated with the error term in the over-employment model. 

Tables 7-1 and 7-2 outline the results from both models for the probability of over-

employment for females and males respectively. 
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Table 7-1: Models for probability of over-employment for older females 

 

(1) (2) 

 

Base Model 

Endogeneity correcting 

model 

Previous over-employment status 0.476*** (0.059) 0.701*** (0.125) 

Age 0.024 (0.035) 0.043 (0.044) 

Over retirement age -0.117 (0.113) -0.096 (0.136) 

Current tenure 0.001 (0.003) 0.002 (0.003) 

Current union 0.075 (0.089) 0.085 (0.109) 

Education 0.073*** (0.022) 0.099*** (0.024) 

English speaking born -0.051 (0.089) -0.056 (0.094) 

Married 0.206 (0.162) 0.226 (0.197) 

Current subjective health shock  0.042 (0.078) 0.072 (0.096) 

Previous subjective health shock  -0.086 (0.081) -0.059 (0.096) 

Current self-employed -0.427*** (0.133) -0.331** (0.136) 

Current causal worker -0.623*** (0.102) -0.548*** (0.178) 

Current blue collar occupation 0.122 (0.136) 0.128 (0.177) 

Previous blue collar occupation -0.305** (0.135) -0.298* (0.167) 

Previous blue collar*previous shock 0.352 (0.226) 0.217 (0.229) 

Previous blue collar*current shock -0.173 (0.235) -0.158 (0.260) 

Previous weekly hours worked 0.004 (0.003) - 

Change in weekly hours worked - 0.019 (0.031) 

Current ln(hourly wage) -0.430*** (0.068) -0.239 (0.209) 

Current weekly non-labour income -0.00003 (0.00003) -0.00002 (0.00004) 

Current ln(hourly wage) missing -0.016 (0.117) -0.097 (0.138) 

Current weekly non-labour income 

missing 
-0.394 (0.283) -0.434 (0.326) 

Current subjective health shock 

missing 
0.049 (0.101) -0.005 (0.124) 

Previous subjective health shock 

missing 
-0.042 (0.100) -0.019 (0.125) 

Partner‟s health shock -0.036 (0.098) 0.006 (0.116) 

Partner‟s health shock missing 0.087 (0.107) 0.076 (0.130) 

Initially over-employed 0.611*** (0.068) 0.782*** (0.080) 

Constant -2.252*** (0.684) -0.279 (0.871) 

Rho 0.266*** (0.029) 0.242*** (0.019) 

Time effects Yes Yes 

Region effects Yes Yes 

Mundlak-Chamberlain specification Yes Yes 

Log-Likelihood -2991.481 -2934.059 

Observations (individuals) 6339 (1213) 

Notes: (a) bootstrapped standard errors for model 2 (200 reps) (b) *** 1% significance level, ** 5% 

significance level, *10% significance level (c) standard errors in parentheses 
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Table 7-2: Models for probability of over-employment for older males 

 
(1) (2) 

 

Base Model 

 Endogeneity correcting 

model 

Previous over-employment status 0.438*** (0.051) 0.769*** (0.123) 

Age -0.030 (0.030) -0.040 (0.035) 

Over retirement age -0.124 (0.127) -0.168 (0.155) 

Current tenure 0.005* (0.003) 0.003 (0.003) 

Current union -0.107 (0.082) -0.116 (0.103) 

Education 0.088*** (0.023) 0.058** (0.023) 

English speaking born 0.123* (0.085) 0.185** (0.093) 

Married 0.149 (0.128) 0.082 (0.163) 

Current subjective health shock  0.121 (0.086) 0.199* (0.104) 

Previous subjective health shock  0.031 (0.088) 0.045 (0.100) 

Current self-employed -0.193** (0.090) -0.079 (0.123) 

Current casual worker -0.281*** (0.094) -0.097 (0.183) 

Current blue collar occupation -0.217** (0.089) -0.145 (0.117) 

Previous blue collar occupation 0.062 (0.090) 0.038 (0.113) 

Previous blue collar*previous shock -0.063 (0.149) -0.168 (0.166) 

Previous blue collar*current shock -0.062 (0.143) -0.031 (0.178) 

Previous weekly hours worked 0.006*** (0.002) - 

Change in weekly hours worked - 0.058* (0.032) 

Current ln(hourly wage) -0.212*** (0.054) 0.108 (0.210) 

Current weekly non-labour income -0.00003* (0.00002) 0.00002 (0.00004) 

Current ln(hourly wage) missing -0.020 (0.179) -0.111 (0.099) 

Current weekly non-labour income 

missing 
-0.182 (0.223) -0.248 (0.240) 

Current subjective health shock 

missing 
0.186** (0.092) 0.203** (0.100) 

Previous subjective health shock 

missing 
0.163* (0.091) 0.132 (0.106) 

Partner‟s health shock 
0.188*** 

(0.071) 
0.209*** (0.080) 

Partner‟s health shock missing 0.005 (0.100) 0.044 (0.104) 

Initially over-employed 0.638*** (0.063) 0.665*** (0.071) 

Constant -2.285*** (0.552) -0.583 (0.586) 

Rho 0.321*** (0.025) 0.290*** (0.017) 

Time effects Yes Yes 

Region effects Yes Yes 

Mundlak-Chamberlain specification Yes Yes 

Log-Likelihood -3944.150 -3884.791 

Observations (individuals) 7635 (1456) 

Notes: (a) bootstrapped standard errors for model 2 (200 reps) (b) *** 1% significance level, ** 5% 

significance level, * 10% significance level (c) standard errors in parentheses 

 

Over both models, the previous over-employment status is positive and significant for 

males and females, giving strong evidence for over-employment persistence. What is of 
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main interest in this paper is the significance and sign of the effect that health shocks 

have on the probability of over-employment. Both models show a positive effect of a 

health shock on overemployment for males and females; however, this is only 

significant in model 2 when the male employed sample is used. Previous health shocks 

do not seem to influence this probability and there does not appear to be significant 

differential effects of health shocks for blue or white collar workers. 

For older males and females, education was found to have a positive and significant 

effect in both models. Holding all else equal, being self-employed, a casual worker and 

a previous blue collar worker were all found to have a negative significant effect on 

older females. For older males, the partner‟s health shock status and being English 

speaking born remained significant over both model 1 and model 2. The wage is likely 

to be negatively correlated with current hours of work which would explain this change 

in results for this covariate for males and females in model 2.  

Taking the main variables of interest, the average partial effects (APEs) are calculated 

using model 2.
27

 This will give results which will enable the magnitude to be identified 

as well as the sign and significance of the effects for the variables of interest. Since each 

variable of interest presented in table 7-3 is a dummy variable, the APE is interpreted as 

the shift in predicted probability for each observation averaged across the sample.
28

 

Table 7-3: Average partial effects for model 2 

 Females Males 

Current subjective health shock 0.018 (0.017) 0.054** (0.028) 

Previous subjective health shock -0.015 (0.016) 0.012 (0.023) 

Previous blue collar*current shock -0.039 (0.052) -0.008 (0.041) 

Previous blue collar*previous 

shock 
0.056 (0.058) -0.044 (0.036) 

Notes: (a) bootstrapped standard errors (100 reps) (b) *** 1% significance level, ** 5% significance 

level, * 10% significance level (c) standard errors in parentheses 

                                                           
27 In table A-8 appendix, these APEs are calculated for model 1. The APEs for the subjective health shock were both 

smaller compared to model 2 and the APE for males was insignificant. 
28 See appendix C for the econometric theory behind how these APEs are calculated 
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On average, experiencing a health shock will significantly increase an older working 

male‟s predicted probability of being over-employed by 0.054. The APEs for the 

interaction terms between previous blue collar occupation and a current and a lagged 

health shock are both insignificantly different from zero for males and females. This 

highlights that in terms of becoming over-employed, there is no differential impact of 

health shocks for blue and white collar workers, only for male and female workers. 

7.1.2 Results from Models for Leaving the Labour Force 

This section aims to understand how health shocks can directly and indirectly impact an 

older worker‟s probability of leaving the labour force. The indirect channel which is 

focused on in this study is over-employment. The theory outlined in chapter 4 predicts 

that those who are over-employed have a higher probability of leaving the labour force 

and recent studies have found empirical evidence of this (Gielen, 2009, Kofi Charles 

and DeCicca, 2006). However, this has not been studied in the Australian context. The 

reason for studying the direct and indirect effects of health shocks on leaving the labour 

market is that these different effects entail different policies to encourage older workers 

to remain in the labour force. This will be addressed in more detail in the chapter 9. 

Given the results found in section 7.1.1, there is only significant evidence for health 

shocks influencing the probability of older males becoming over-employed. This means 

that the indirect channel in which health shocks can operate to influence labour force 

participation is prevalent for older male workers. 

The results of model 3, the CRE probit model outlined in equation 6.4, are presented in 

this section. All covariates which relate to job characteristics are in lagged form. The 

results for this model for females and males are displayed in table 7-4.  
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Table 7-4: Model for probability of leaving the labour force 

 
(3) 

 

Females  Males 

Previous over-employment status 0.282*** (0.070) 0.174** (0.071) 

Age 0.028 (0.046) 0.132*** (0.047) 

Over retirement age 0.144 (0.115) 0.317** (0.130) 

Previous tenure 0.016*** (0.004) 0.015*** (0.004) 

Previous union -0.230* (0.118) -0.105 (0.129) 

Education -0.001 (0.023) -0.023 (0.029) 

English speaking born -0.069 (0.100) 0.168 (0.112) 

Married 0.100 (0.196) -0.403* (0.212) 

Current subjective health shock  0.464*** (0.090) 0.492*** (0.118) 

Previous subjective health shock  0.188* (0.097) 0.111 (0.128) 

Previous self-employed 0.381*** (0.146) -0.135 (0.142) 

Previous casual worker 0.038 (0.109) 0.174 (0.130) 

Previous blue collar occupation 0.170 (0.143) 0.126 (0.132) 

Previous blue collar*previous shock -0.112 (0.236) 0.113 (0.196) 

Previous blue collar*current shock -0.024 (0.214) -0.087 (0.176) 

Previous hours worked -0.017*** (0.003) -0.012*** (0.003) 

Previous ln(hourly wage) 0.070 (0.072) 0.155** (0.074) 

Previous weekly non-labour income 0.0001*** (0.00003) 0.0001*** (0.00003) 

Previous ln(hourly wage) missing -0.009 (0.130) 0.213* (0.124) 

Previous weekly non-labour income missing -0.188 (0.366) -0.273 (0.450) 

Current subjective health shock missing 0.188 (0.135) -0.129 (0.169) 

Previous subjective health shock missing 0.044 (0.138) 0.069 (0.156) 

Partner‟s health shock 0.121 (0.110) -0.051 (0.106) 

Partner‟s health shock missing -0.008 (0.144) 0.143 (0.163) 

Constant -3.407*** (0.768) -6.187*** (0.797) 

Rho 0.215*** (0.043) 0.323*** (0.050) 

Time effects Yes Yes 

Region effects Yes Yes 

Mundlak-Chamberlain specification Yes Yes 

Log-Likelihood -1712.991 -1590.068 

Observations (individuals) 7009 (1334) 8242 (1549) 

Notes: (a) *** 1% significance level, ** 5% significance level, * 10% significance level (b) standard 

errors in parentheses 
 

These results show that experiencing a current health shock and being previously over-

employed both increase the probability of leaving the labour force for older males and 

females, holding all else equal. Also, previous tenure in an occupation, previous 

working hours, previous non-labour income and being over the retirement age are all 
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found to have significant effects on the probability of leaving the labour force for older 

males and females. 

For older males, age, being married and wages all have a significant effect on their 

probability of leaving the labour force. Experiencing a lagged health shock was only 

found to be significant for older females, which suggests that sudden perceived 

deteriorations in health might remain important in an older female‟s labour market 

decisions for a longer period.  

In table 5-5, the descriptive statistics showed that a higher proportion of those in the 

unconstrained group left the labour force next period compared to those previously 

over-employed. However, in the econometric modelling, when previous over-

employment status is controlled for, the empirical results provide evidence for the 

theoretical prediction outlined in chapter 4. Holding all else constant, being over-

employed last period is found to have a positive and significant effect on the probability 

of leaving the labour force compared to unconstrained or under-employed workers. 

To obtain results which identify the magnitude as well as the sign and significance for 

the variables of interest, the APEs will be calculated. Since each variable of interest 

presented in table 7-5 is a dummy variable, we interpret the APE as the shift in 

predicted probability for each observation averaged across the sample.
29

 

Table 7-5: Average partial effects for model 3 

 Females Males 

Previous over-employment status 0.034*** (0.011) 0.020** (0.009) 

Current subjective health shock 0.062*** (0.011) 0.062*** (0.018) 

Previous subjective health shock 0.023* (0.014) 0.012 (0.014) 

Previous blue collar*current shock -0.002 (0.033) -0.009 (0.017) 

Previous blue collar*previous shock -0.015 (0.024) 0.013 (0.018) 
Notes: (a) bootstrapped standard errors (100 reps) (b) *** 1% significance level, ** 5% significance 

level, * 10% significance level (c) standard errors in parentheses 

 

                                                           
29 See appendix C for the econometric theory behind how these APEs are calculated 
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On average, the probability of leaving the labour force will significantly increase if a 

male or a female is previously over-employed by 0.034 and 0.020 respectively. 

Experiencing a current health shock increases this probability for both males and 

females by 0.062 on average. For health shocks last period, only females have a 

significant positive increase in this probability by 0.023 on average. There seems to be 

no differential effect of health shocks in this case for blue or white collar workers.  

What this section has found is that current health shocks increase the probability of 

leaving the labour force for both males and females. This result is similar to that found 

in papers from both Australia and other OECD countries.
30

 Also, a previous health 

shock is found to indirectly influence the probability of an older male worker leaving 

the labour force through over-employment and directly influence this probability for 

older female workers. 

7.2 Estimation Results for Health shocks and Labour Supply 

In this section, the results for the two different models of labour supply will be 

presented. What is of particular interest in these results is whether there is evidence of 

health shocks significantly impacting the labour supply of older workers. In the first 

model, all workers will be included in the estimation and thus treated the same despite 

some being unconstrained, some being over-employed and some leaving the labour 

force. In the second model, only unconstrained workers will be included in the 

estimation. 

                                                           
30 Riphahn (1999), Cai and Kalb (2006), Disney et al. (2006), Jones et al. (2010), Roberts et al. (2009), Zucchelli et 

al. (2010) 
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7.2.1 Results from Model of Labour Supply for All Workers 

The model estimated in this section provides a comparison to the models estimated in 

Cai et al. (2008). Model 4 is a dynamic CRE tobit model outlined in equation 6.15. It is 

important to note that there are differences between the modelling in this study and the 

modelling in Cai et al. (2008). Cai et al. used Heckman‟s (1981) technique to account 

for the initial conditions problem which has been shown to lead to different estimates 

compared to the Wooldridge (2005) technique.
31

 Also, Cai et al. focused on the whole 

working age population, not just older workers and used actual working hours as their 

dependent variable. The model in this section uses desired working hours as the labour 

supply variable since this is an individual‟s optimal labour supply. 

This labour supply model allows a worker to fully reduce their labour supply as well as 

marginally change it in response to a health shock. All covariates which relate to job 

characteristics will be in lagged form. Results for these models are presented in table 

7-6 for females and males. 

Table 7-6: Model for desired hours of all workers 

 (4) 

 

 Females  Males 

Previous weekly desired hours 0.457*** (0.022) 0.346*** (0.020) 

Age -0.507** (0.250) -0.579** (0.247) 

Over retirement age -1.377* (0.737) -4.808*** (0.922) 

Previous tenure -0.062*** (0.021) -0.075*** (0.021) 

Previous union 0.037 (0.610) 0.279 (0.645) 

Education 0.060 (0.147) -0.376** (0.191) 

English speaking born 0.341 (0.650) -0.921 (0.710) 

Married -1.685 (1.090) 0.791 (1.013) 

Current subjective health shock  -2.506*** (0.536) -2.408*** (0.695) 

Previous subjective health shock  -1.163** (0.556) -1.107 (0.717) 

Previous self-employed -2.074** (0.883) -0.039 (0.733) 

Previous casual worker -0.469 (0.632) -1.560** (0.745) 

Previous blue collar occupation -0.486 (0.853) -2.729*** (0.702) 

Previous blue collar*previous shock 0.285 (1.450) -0.532 (1.158) 

                                                           
31 See Arulampalam and Stewart (2009), Chrysanthou (2008), and Sousounis (2008). 
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Previous blue collar*current shock -3.078** (1.400) 0.367 (1.106) 

Previous ln(hourly wage) 1.062** (0.430) 0.002 (0.423) 

Previous weekly non-labour income -0.00003 (0.0002) -0.0002 (0.0002) 

Previous ln(hourly wage) missing -1.857** (0.804) -1.657*** (0.645) 

Previous weekly non-labour income missing 2.423 (2.020) 1.209 (1.903) 

Current subjective health shock missing 0.275 (0.719) -0.148 (0.749) 

Previous subjective health shock missing 0.220 (0.710) -0.994 (0.731) 

Partner‟s health shock -0.775 (0.656) -0.062 (0.572) 

Partner‟s health shock missing 0.111 (0.761) -0.352 (0.803) 

Initial weekly desired hours 0.173*** (0.016) 0.252*** (0.018) 

Constant 32.542*** (4.659) 44.025*** (4.552) 

Rho 0.143*** (0.020) 0.233*** (0.018) 

Time effects Yes Yes 

Region effects Yes Yes 

Mundlak-Chamberlain specification Yes Yes 

Log-Likelihood -25339.449 -31248.042 

Observations (individuals) 7009 (1334) 8242 (1549) 

Notes: (a) *** 1% significance level, ** 5% significance level, * 10% significance level (b) standard 

errors in parentheses 

 

A current health shock is estimated to reduce labour supply by approximately two hours 

per week for both males and females. Also, a current health shock is found to 

differentially affect previous blue and white collar female workers. A previous blue 

collar older female worker is estimated to reduce their labour supply by another three 

hours per week on top of the effect for previous white collar female workers. The effect 

of a previous health shock is estimated to reduce an older female‟s desired labour 

supply by one hour per week but have no significant effect on older male workers. 

For males and females, previous hours, previous tenure in occupation, age and being 

over the expected retirement age all have a significant effect on desired labour supply, 

holding all else equal. For older males, education and being a previous blue collar 

worker or casual worker has a significant negative impact on desired labour supply. For 

older females, previous wages and being a previous self-employed worker both 

significantly influence desired labour supply. 
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Comparing these results to Cai et al. (2008), these authors found a similar result of a 

current health shock significantly reducing the labour supply by three hours per week 

for males and females.
32

 Also, Cai et al. find that lagged hours have similarly persistent 

effects for both genders and this persistence is higher for females.
33

 

7.2.2 Results from Model of Labour Supply for Unconstrained Workers 

Due to the nature of constraints, workers who are over-employed and those who are 

unconstrained may be systematically different from each other. This can be seen from 

comparing descriptive statistics for the over-employed and not over-employed groups of 

workers (tables A-4 and A-5 in appendix A). 

In order to have a good comparison with the model estimated in the previous section 

and to obtain consistent results, selection into being unconstrained as opposed to over-

employed or not in the labour force is controlled for in this model. 

Using unconstrained workers enables the true effect of a health shock on desired labour 

supply to be obtained since these workers are actually working their desired hours of 

work. In this section, the selection model presented in equation 6.18 is estimated and 

used to determine the two Heckman correction terms as seen in Bryan (2007). This 

selection model sorts workers according to the extent of actual and desired hours 

mismatch for an older worker.
34

 The labour supply model accounting for selection used 

in this section will be the model outlined in equation 6.19 (model 5). This model uses 

                                                           
32 As their health shock variable, the authors use whether an individual experienced a serious illness or injury in the 

last 12 months. This study refers to this variable as the objective health shock measure and this will be used to 

estimate all of models in chapter 7 in chapter 8 in which the same finding is made for the subjective health shock 

comparison to Cai et al. 
33 Due to the difference in covariates used in Cai et al., not much else can be compared. 
34 This selection model was carried out with Mark Bryan‟s (2007) stata code. This model was a dynamic RE ordered 

probit which was estimating using the reoprob command in Stata 11. The results of this model are presented in table 

A-9 of appendix A. 
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the unconstrained sample to estimate a linear regression model of desired labour supply 

which includes selection correction terms. 

Results for model 5 for both females and males are presented in table 7-7. 

Table 7-7: Model for desired hours of unconstrained workers  

 

(5) 

 

Females Males 

Previous weekly desired hours 0.515*** (0.030) 0.613*** (0.018) 

Age -0.387*** (0.067) -0.457*** (0.074) 

Over retirement age 0.024 (0.639) -1.969** (0.862) 

Previous tenure -0.024** (0.012) 0.003 (0.012) 

Previous union -0.060 (0.605) -0.197 (0.664) 

Education 0.623*** (0.123) -0.055 (0.138) 

English speaking born -0.960* (0.556) 0.617 (0.523) 

Married -1.409 (0.920) 0.769 (1.158) 

Current subjective health shock  -0.051 (0.538) -0.760 (0.721) 

Previous subjective health shock  -0.458 (0.516) -0.136 (0.792) 

Previous self-employed -0.240 (1.179) -0.448 (0.819) 

Previous casual worker -0.406 (0.765) -0.720 (0.742) 

Previous blue collar occupation 0.532 (1.250) -1.364** (0.653) 

Previous blue collar*previous shock 0.519 (1.972) 0.691 (1.146) 

Previous blue collar*shock -5.705*** (2.027) 0.218 (1.129) 

Previous ln(hourly wage) 1.834*** (0.593) 1.965*** (0.550) 

Previous weekly non-labour income 0.0005** (0.0002) 0.0002 (0.0002) 

Previous ln(hourly wage) missing -2.619*** (0.979) -1.152 (0.755) 

Previous weekly non-labour income 

missing 
2.055 (2.618) -1.091 (2.385) 

Current subjective health shock missing -0.167 (0.706) 0.643 (0.816) 

Previous subjective health shock missing -0.306 (0.872) 0.099 (0.793) 

Partner‟s health shock -0.530 (0.570) 0.322 (0.571) 

Partner‟s health shock missing 0.831 (0.613) -0.690 (0.761) 

Constant 25.761*** (3.665) 22.234*** (3.295) 

a1 correction term 0.152*** (0.010) 0.136*** (0.012) 

a2 correction term 0.259*** (0.099) 0.350*** (0.090) 

Time effects Yes Yes 

Region effects Yes Yes 

Mundlak-Chamberlain specification Yes Yes 

R-squared 0.679 0.603 

Observations (individuals) 3677 (1026) 4166 (1183) 

Notes: (a) bootstrapped standard errors (200 reps) (b) ***1% significance level, ** 5% significance level, 

* 10% significance level (c) standard errors in parentheses  
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All four of the correction terms in the male and female models are significant, 

indicating that this selection correction for the unconstrained group is necessary. The 

main interest in these results is whether the determinants of desired labour supply 

change much over this specification compared to the dynamic correlated RE tobit 

estimated in the previous section. Holding all else constant, previous desired hours and 

age have both remained significant in determining labour supply for older males and 

females. For males, the effects of being over the expected retirement age and being a 

previous blue collar worker have both remained significant determinants of labour 

supply. For older females, previous tenure within an occupation and previous wages 

still both have significant effects on desired labour supply. Also for older females, being 

English speaking born and education now have significant effects on desired labour 

supply. 

After accounting for differences in unconstrained and constrained individuals, a current 

health shock now has an insignificant effect on the desired hours of work for older 

males and white collar female workers. The results show a significant differential of the 

current health shock effect (approximately six hours per week) between blue and white 

collar older females. A similar differential effect between blue and white collar female 

workers was found in model 4. 

These results for the older male and white collar female workers indicate that the 

significant health shock coefficients from model 4 for these groups were due to over-

employed workers adjusting their desired labour supply and/or those who left the labour 

force.   
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8 Sensitivity Analysis 

In the labour market literature which uses health variables, there has been a wide range 

of discussion over the use of subjective health measures (Bound 1991, Bound 1999, 

Dwyer and Mitchell 1999, Disney et al., 2006, Jones et al., 2010, Zuchelli et al., 2010). 

This debate has been partly based on the concern of measurement error since 

individuals potentially have different reference points. However, the subjective health 

shock measure used in this study is based on comparing an individual‟s health to 12 

months ago so this issue might not be a problem in this case. Another concern when 

using subjective health measures is that individuals with poorer health or those more 

likely to report a health shock do so to justify their labour market decisions. This 

suggests that a subjective health shock measure is potentially endogenous. 

To acknowledge this debate, the models in chapter 7 are replicated using the objective 

health shock measure outlined in section 5.6 rather than the subjective health shock 

measure used previously. While this objective measure is still self-reported, it seems 

unlikely that a respondent would pretend to have experienced a serious illness or injury 

in the last 12 months. Also, it is hard to argue that the perception of what a serious 

injury or illness is would vary much amongst individuals. 

The results from the models using the objective health shock are presented in tables B-1 

to B-8 of appendix B. For models 1 and 2, current health shocks are found to 

significantly increase the probability of becoming over-employed for older working 

males. The current health shock APE for males using model 2 is now higher at 0.064. 

What is also found in model 2 is that previous health shocks significantly increase the 

probability of becoming over-employed for these older males.  
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When modelling the probability of leaving the labour force, current health shocks are 

found to significantly increase the probability of older males and females leaving the 

labour force. The APEs for a current health shock are still significant but now higher 

compared to when using the subjective health shock. These APEs are 0.070 and 0.085 

for females and males respectively. A difference between these results and the results 

obtained when using the subjective health measure is that lagged health shocks now 

have a positive significant effect on this probability for all males. In the previous 

results, it was the females who had this significant lagged health shock effect.  

In the results for model 4, current health shocks decrease desired hours by 4 hours per 

week for males and 3 hours per week for females.
35

 Lagged health shocks are found to 

have a negative significant effect on the desired labour supply for all males. Similar to 

model 3, it was all female workers who experienced this lagged effect when using the 

subjective health shock. There is no longer an extra effect of a current health shock on 

the desired hours of blue collar female workers. However, blue collar females are now 

estimated to decrease their labour supply by two hours per week in response to a lagged 

objective health shock but this estimate is not significantly different from zero.  

Finally, using this objective health shock measure for model 5, no health shock effects 

(lagged or current) for male and white collar female workers are statistically significant 

in the model. Again, previous blue collar female workers are found to be different. In 

this case, the objective health shock leads to a significant lagged effect on the desired 

hours of these workers rather than a significant current health shock effect which was 

found for the subjective health shock. 

                                                           
35 As discussed in chapter 6, Cai et al. (2008) found similar results using the same measure. 
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The main conclusions from using the objective measure rather than the subjective 

measure have remained relatively similar in terms of the effect of a current health 

shock. Older male workers are more likely to become over-employed as a result of a 

health shock and current health shocks increase the probability of leaving the labour 

force for both older males and females. In terms of desired labour supply, treating all 

workers the same despite hour constraints, current health shocks significantly decrease 

the desired labour supply for males and females. An interesting finding in terms of 

magnitude, the significant APEs for the current objective health shock seem to be larger 

than the APEs for the current subjective health shock. In most of the literature discussed 

in chapter 2, objective measures were found to have a smaller effect compared to 

subjective measures. 

The only change in results for the current health shock effect using the objective 

measure is that unconstrained blue collar female workers are estimated to have a lagged 

health shock effect rather than a current health shock effect. After taking into account 

hour constraints and focusing on unconstrained workers, no groups of workers were 

found to have a significant effect on their labour supply from a current health shock. 

When using the objective health measure, the impact of a lagged health shock on labour 

market decisions is no longer significant for older females. It is likely that most of the 

objective health shocks are mirrored in the subjective measure. Because of this, the 

differences in results could be being driven by those who experienced some sort of 

“perceived shock” but not a “real” shock. Overall, the results suggest that there is a 

difference between the importance of serious health events and changing health 

perceptions for males and females.  
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Both of these measures can be argued to be important when it comes to making labour 

market decisions. The subjective health shock should not be dismissed since it contains 

information on how a person feels which is important for determining their actions. 

However, we should be wary of this measure since it is possible that individuals justify 

their labour market actions by overestimating their change in health.  
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9 Discussion and Evaluation 

This chapter will summarise and discuss the main results of this study obtained from the 

models which used the subjective and objective health shocks. The main results are 

presented in two sections. Firstly, how health shocks interact with hour constraints and 

secondly, how health shocks influence an older worker‟s desired labour supply. After 

this, the policy implications of these results and possible future research in this area will 

be discussed. 

9.1 Health shocks and Hours Constraints 

The proportion of workers in the older worker sample who are over-employed is quite 

significant. Approximately one third of males and females in the sample are working 

more hours than they would desire to work. Before any analysis was done directly 

looking at labour supply, this study focused on whether health shocks lead to over-

employment and how health shocks can directly and indirectly influence an older 

worker‟s decision to leave the labour force. Until now, this has not been researched in 

the Australian context and there are clear policy implications of this research in light of 

the ageing population in Australia. 

From the models using both the subjective and the objective measures, there was 

evidence for health shocks significantly increasing the probability of becoming over-

employed for older male workers. No evidence of this effect was present for older 

working females and there was no differential impact of health shocks for blue or white 

collar workers in this case. This result could be due to older female workers already 

working fewer hours than older males or older female workers being less attached to the 

labour force and thus more inclined to leave the labour force in response to the shock. 
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A lagged health shock effect for males was found for one of the two over-employment 

models when using the objective health measure. This result could be picking up that 

males are more attached to the labour force perhaps because they are more likely to 

receive sick leave which delays the effect of the objective health shock. 

Section 7.1.2 addressed two different channels in which health shocks could impact the 

probability of leaving the labour force. The direct channel is captured by the current and 

previous health shock covariates. Current health shocks were found to increase the 

probability of leaving the labour force for both older females and males. Similar 

findings have been found in the Australian context by Zucchelli et al. (2010) but due to 

modelling differences, the size of their results cannot be directly compared with the 

results in this study.
36

 Previous health shocks were found to only significantly increase 

this probability for older female workers when the subjective measure is used and for 

older male workers when the objective measure is used. This change in the lagged effect 

is interesting and suggests that the effect of a subjective health shock remains longer 

with females and the effect of an objective health shock remains longer with males. 

As discussed above, a possible reason for this lagged effect finding is that older males 

may remain more attached to the workforce after a serious health event, perhaps 

because they are more likely to have access to sick leave which prolongs the effect of 

the health shock. For the subjective health shock, older females could be using this 

perceived shock as a justification for leaving the workforce or could find it harder to 

adapt to a negative change in their self-reported perception of health. 

Health shocks can also indirectly influence the probability of leaving the labour force 

through over-employment. This study provides evidence that over-employment leads to 

                                                           
36 Zucchelli et al. apply a discrete-time hazard model to the transition into non-employment. 



 74  
 

a higher probability of leaving the labour force for males and females in the Australian 

context. Similar findings have been found in the UK and the US (Gielen 2007, Kofi 

Charles and DeCicca 2006). However, it appears that males are much more likely to 

have this indirect channel through which health shocks can act. 

To ignore the large group of older workers who are constrained in their working hours 

would have been a clear oversight in this study. Due to the importance of the older 

working cohort, it is interesting to see how these constraints influence labour market 

behaviour and especially how health shocks play a role in leading to these types of 

constraints. This study has shown that health shocks are important in determining the 

over-employment status for older working males and that this provides an indirect 

channel for health shocks to influence their decision to remain in the labour force. 

9.2 Health Shocks and Desired Labour Supply 

The second part of this study went on to answer the main question posed by the study: 

how health shocks impact an older worker‟s desired labour supply. The measure of 

labour supply used was desired labour supply rather than actual labour supply (as used 

in Cai et al. (2008)) which leads to biased labour supply elasticities. This was carried 

out with two different modelling approaches.  

In the first approach, every worker‟s desired labour supply was modelled as if it were 

determined in the same way, despite some workers being constrained. A current 

objective health shock was found to significantly decrease the desired hours worked for 

males and females by approximately four and three hours per week respectively. This 

result is similar to the result found in Cai et al. (2008)  
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Similar to the case when modelling the probability of leaving the labour force, the 

lagged effect of a health shock was found to have a significant effect on the desired 

labour supply for males when the objective measure was used and on females when the 

subjective measure was used. As discussed in the previous section, this seems to reflect 

the different influences each of these measures have on females and males.  

For older males, no differential current or lagged health shock effect was found for 

previous blue or white collar workers. However, this differential effect was found for 

females. Holding all else equal, previous blue collar female workers were estimated to 

lower predicted desired hours more than previous white collar female workers in 

response to a subjective health shock. Although not statistically significant, a 

differential effect for previous blue collar female workers was found for a lagged 

objective health shock.  

The second modelling approach did not ignore the large group of older workers who 

were constrained in terms of hours. This approach only modelled the desired labour 

supply for those workers who were currently unconstrained, controlling for selection 

into this group. The results using this second approach found that, holding all else equal, 

the labour supply of older male and white collar female unconstrained workers is not 

significantly affected by a health shock. When the subjective measure was used, 

previous blue collar female workers were found to experience a significant negative 

effect of a current health shock on their labour supply. Using the objective measure, a 

similar result was found for these previous blue collar female workers but this time for 

the lagged health shock. 

The findings from the first approach suggest that all groups of workers experience a 

drop in desired labour supply as a result of a health shock. However, where these groups 
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of workers differ depends on whether the labour market accommodates this drop in 

desired hours. The results from the second approach show that for older male and 

previous white collar female workers, their drop in desired hours is on average not 

accommodated by the labour market and they either become over-employed or leave the 

labour force. For previous blue collar female workers, their drop in desired labour 

supply is on average accommodated by the labour market. 

9.3  Policy Implications 

The main aim of this study was to determine how health shocks influence older 

workers‟ desired labour supply. Health shocks are found to reduce the desired labour 

supply for all groups of workers. However, on average, this reduction in labour supply 

is not accommodated for older male and previous white collar female workers, implying 

that they either become over-employed or leave the labour force. Since there is only 

evidence of males becoming over-employed in response to a health shock, this 

reduction of desired hours for previous white collar females does not lead to over-

employment but to leaving the labour force. Thus, policies which are aimed at these 

groups need to address this finding. 

Firstly, the policy implications involving the role that health shocks play in determining 

over-employment and labour force participation will be discussed. Then, the policy 

implications for the previous blue collar female workers will be discussed. 

This study provides evidence which finds that over-employment significantly increases 

an older worker‟s probability of leaving the labour force. Since the Intergenerational 

Report (2010) outlines the Australian government‟s aim of keeping these workers in the 

labour force, this suggests effective policies could be those which prevent over-
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employment for both older males and females. A possible policy could include 

encouraging a more flexible labour force environment for these older workers by 

lowering transition costs of moving into more flexible jobs. 

Specifically, the focus of this study was to identify policies which would help to 

minimise the impact of health shocks on the labour force decisions of older workers. 

Looking at leaving the labour force all together, there are direct and indirect channels in 

which health shocks can impact the probability of leaving the labour force. The policy 

implications will differ depending on which channel these effects are found to work 

through for different groups of workers. 

The direct channel involves health shocks driving workers out of the labour force. There 

is evidence for this direct channel for both older males and females, which supports 

encouraging workplaces to give an option to an older worker who has experienced a 

health shock to remain attached to the labour force. A policy example in this case could 

be providing sick leave to those who experience a health shock. However, it is possible 

that this may just prolong the negative effect of the health shock on labour force 

participation for some workers. Another policy, which is clearly already one in place in 

Australia, is maintaining the health of older workers and the medical capability of 

handling types of health shocks common to older workers. What can also be done is 

providing information and help for older workers on how to cope with a health shock 

and their labour force options after a health shock. 

The indirect channel in this study works through over-employment and, based on the 

empirical evidence, policies aimed at ensuring health shocks do not lead to over-

employment should particularly be aimed at older male workers. A possible example is 

to encourage hours flexibility within male dominated workplaces or encouraging 
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employers to move employees with health shocks in male dominated workplaces to 

another area of the workplace which is less labour intensive and reliant on their health. 

Previous blue collar females are the only workers whose reduction in desired labour 

supply in response to a health shock is found to be accommodated by the labour market. 

If these older female workers are still in blue collar jobs after their health shocks then a 

possible policy could be to help them move to a less physical job such as a white collar 

job to prevent this reduction in desired hours of work. 

9.4 Future research in this area 

Due to the nature of this research area, there are many possibilities for future work. 

There are three in particular which may be helpful to gain a deeper understanding of this 

area. Firstly, there is the issue of joint decision making in couples. Labour market 

decisions are unlikely to be made individually if a worker has a partner and these 

decisions will depend on their partner‟s labour force participation. While this would 

have been a nice addition to this study, the complex modelling required to take this joint 

decision making into account would have taken too long. 

Secondly, it would be interesting to have more information on the type of health shock 

which is experienced. Unfortunately, the data set used in this study does not have much 

information on health shocks. For the extra information that HILDA does have, there is 

a very low prevalence of particular types of shocks which would lead to a loss of 

statistical power. An example of this possible future research is a paper by Pelkowski 

and Berger (2004) which controls for whether health shocks are permanent or 

temporary. The authors argued that if these two types of health shocks are not 
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distinguished in the modelling, the effect of persistent health problems would be 

underestimated. 

The final suggestion for future work would be testing for whether some workers choose 

their occupation based on their anticipation of experiencing a health shock in the future. 

An example of this would be blue collar workers foreseeing a health shock and moving 

to a less physical job which may result in becoming classified as a white collar worker. 

If this selection were present, then the results would not reflect the true impact that 

health shocks have on particular groups of workers.  
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10 Conclusion 

Due to the ageing population in Australia, the labour market decisions of the older 

worker cohort are important and will become increasingly more important into the 

future. It is critical that the labour market behaviour of these workers is understood for 

policies to be effective in minimising the effect of the ageing population. This study 

addressed whether older workers alter their desired labour supply in response to a health 

shock. Both reducing labour supply marginally and fully were addressed. As well as 

this, the indirect effect which health shocks can have on labour supply through over-

employment was considered. 

This study has found that different groups of workers are affected by health shocks in 

different ways when it comes to making their labour supply decisions. In terms of how 

health shocks impact the labour force participation of older workers, the findings in this 

study are similar to those of previous studies using Australian data, namely Cai and 

Kalb (2006) and Zucchelli et al. (2010). For all groups of older workers, current 

subjective health shocks were found to significantly increase the probability of leaving 

the labour force by 0.06 on average. Using the objective measure, this significant 

increase in probability was 0.085 for older males and 0.070 for older females on 

average. 

Because Australia has a flexible workforce and a high availability of part-time 

employment, this study was interested in whether there was evidence of older workers 

experiencing a health shock and reducing their hours of work accordingly. Interestingly, 

while health shocks are found to reduce the desired labour supply for all groups of 

workers, on average this reduction in labour supply is not accommodated for older male 

and previous white collar female workers. As a result, these workers are found to either 
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become over-employed or leave the labour force. This study has shown that there is 

only evidence of health shocks leading to over-employment for older male workers. 

Hence, health shocks can feed through over-employment to indirectly influence an older 

male worker‟s labour force participation. This result for older males implies that a 

health shock will reduce a previous white collar female worker‟s desired hours but this 

reduction will, on average, result in leaving the labour force. 

The differential effects of health shocks found for the groups of older workers imply 

different policy implications for each group. Policies for previously white collar female 

workers need to try to help them to remain attached to the labour force after a health 

shock. For older males who experience a health shock, policies need to be aimed at both 

keeping them in the labour force and preventing over-employment. In the case of 

previous blue collar female workers, policies could help facilitate these workers into 

jobs which rely less on their health and prevent the reduction in labour supply caused by 

the health shock. 

Another interesting finding of this study was the difference in the results for males and 

females when objective and subjective measures of health shocks were used. While the 

main conclusions remained the same between the two measures, the lagged health shock 

effect changed for males and females depending on which health shock measure was 

used. This result highlighted the importance that subjective and objective health shocks 

have on female and male labour market behaviour respectively. Both measures can be 

useful; however, the change in results does suggest that the subjective measure could be 

subject to measurement error and overstated in order to justify labour market actions. 

There are many opportunities for future research in this area. In particular, accounting 

for joint labour market behaviour, temporary and permanent health shocks and 
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researching whether occupation selection exists. These would all be valuable extensions 

to this research.  
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11 Appendices 

11.1 Appendix A 

Table A-1: Description of explanatory and dependent variables 

EXPLANATORY VARIABLES 

Variable Description 

Age Age in years of an individual 

Female* 
Dummy variable equal to 1 if individual is a female, 0 if they are a 

male 

Married* 
Dummy variable equal to 1 if legally married or in a defacto 

relationship, 0 otherwise 

English speaking 

born* 

Dummy variable equal to 1 if born in Australia or an English 

speaking country, 0 otherwise 

Education level 

Categorical variable; equal to 1 if an individual completed year 11 or 

less, 2 if they completed year 12, 3 if they completed a certificate, 4 

if they completed a diploma or bachelor degree and 5 if they 

completed a PHD or advanced diploma 

Log(wage) Natural logarithm of the hourly wage earned 

Log(wage) missing* 
Dummy variable equal to 1 if employed individual reports zero wage 

value, 0 otherwise 

Weekly non-labour 

income 

Weekly income earned from other market activities besides labour 

and from government sources (allowed to be negative) 

Weekly non-labour 

income missing* 

Dummy variable equal to 1 if employed individual reports zero 

household weekly non-labour income value, 0 otherwise 

Union* 
Dummy variable equal to 1 if individual was employed and was part 

of a union in their job, 0 otherwise 

Blue collar* 

Dummy variable equal to 1 if employed in a blue collar occupation, 0 

if employed in a white collar occupation. A blue collar occupation is 

defined as a job which relies on manual labour (e.g. construction 

workers, labourers) and a white collar job is defined as a job which 

does not rely on manual labour (e.g. professionals, administrators). 

Tenure Years of tenure in current occupation 

Self-employed* 
Dummy variable equal to 1 if an individual who is employed reports 

themselves as being self-employed, 0 otherwise 

Subjective health 

shock* 

Dummy variable equal to 1 if individual perceives their health as 

being worse or much worse compared to 12 months ago, 0 otherwise 

Subjective health 

shock missing* 

Dummy variable equal to 1 if comparison to health last year question 

has missing value, 0 otherwise 

Objective Health 

shock* 

Dummy variable equal to 1 if experiences a serious illness or injury 

in the last 12 months, 0 otherwise 



 84  
 

Objective health shock 

missing* 

Dummy variable equal to 1 if the serious illness or injury in the last 

12 months question has missing value, 0 otherwise 

Over retirement age* 
Dummy variable equal to 1 if the individual is over 62 or 65 for 

females and males respectively, zero otherwise 

Partner’s subjective 

health shock* 

Dummy variable equal to 1 if individual‟s partner perceives their 

health as being worse or much worse compared to 12 months ago, 0 

otherwise 

Partner’s health shock 

status missing* 

Dummy variable equal to 1 if partner‟s health shock status has 

missing value, 0 otherwise 

Change in partner’s 

weekly hours worked 

The different between the partner‟s current actual hours worked and 

last period‟s actual hours worked (positive means the partner‟s hours 

have increased and negative means that they have decreased) 

Change in weekly 

hours worked 

The different between current actual hours worked and last period‟s 

actual hours worked (positive means the individual‟s hours have 

increased and negative means that they have decreased) 

Previous blue 

collar*previous shock* 

Interaction term equal to 1 if an individual was previously in a blue 

collar occupation and reported a previous health shock, 0 otherwise 

Previous blue 

collar*shock* 

Interaction term equal to 1 if an individual was previously in a blue 

collar occupation and reported a current health shock, 0 otherwise 

DEPENDENT VARIABLES 

Variable Description 

Actual weekly 

working hours 

Average number of actual hours an employed person works in a 

week 

Desired weekly 

working hours 

Average number of desired hours an employed person would like to 

work in a week 

Over-employment 

status* 

Dummy variable equal to 1 if an individual desires to work less 

hours per week than their actual reported hours per week, 0 

otherwise 

Degree of mismatch* 
Categorical variable equal to 0 if worker is unconstrained, 1 if 

worker is over-employed and 2 if worker is retired 

Not in the labour 

force* 

Dummy variable equal to 1 if an individual is retired in current 

period, 0 otherwise 

Notes: *denotes discrete variable 

 

Table A-2: Defining the previously employed sample 

Description Observations in sample 

1. Unbalanced panel with minimum of observations in two waves 35244 

2. Deleting unobserved observations (not surveyed) 28921 

3. Deleting those with unobserved information for key 

explanatory variables (education, labour supply & labour force 

participation information) 

28866 

4. Required to be observed in current period and employed last 

period 
15900 
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5. Required to have been observed previously and have a non-

missing values for previous labour supply variables 
15251 

 

Table A-3: Defining the employed sample 

Description Observations in sample 

1. Unbalanced panel with minimum of observations in two waves 35244 

2.   Deleting unobserved observations (not surveyed) 28921 

3. Deleting those with unobserved information for key 

explanatory variables (education, labour supply & labour force 

participation information) 

28866 

4.  Required to be currently in the labour force and previously in 

the labour force  
14577 

5.  Required to be currently not unemployed and previously not 

unemployed 
14045 

6. Required to have current and previous non-missing labour 

force variables 
13974 

 

 

Table A-4:  Descriptive statistics for constrained and unconstrained workers 

(employed sample) 

 
Females Males 

Explanatory Variable O U&U All O U&U All 

Over-employment status 1.00 0.00 0.32 1.00 0.00 0.38 

Unconstrained status 0.00 0.85 0.58 0.00 0.88 0.55 

Under-employment status 0.00 0.15 0.10 0.00 0.12 0.07 

Age  54.22 54.79 54.61 55.1 55.84 55.56 

Tenure  15.51 14.94 15.12 19.31 18.53 18.83 

Union 0.36 0.32 0.33 0.27 0.30 0.29 

Education 3.00 2.54 2.68 3.08 2.82 2.92 

English speaking born 0.88 0.89 0.90 0.91 0.87 0.88 

Married 0.72 0.69 0.70 0.86 0.84 0.85 

Objective health shock 0.07 0.07 0.07 0.09 0.07 0.08 

Subjective health shock 0.12 0.11 0.12 0.11 0.09 0.10 

Self-employed 0.07 0.09 0.08 0.14 0.17 0.16 

Casual worker 0.08 0.22 0.14 0.07 0.14 0.11 

Blue collar occupation  0.09 0.14 0.13 0.31 0.45 0.40 

Weekly hours worked 42.76 29.05 33.41 50.07 39.28 43.36 

ln(hourly wage) 3.29 3.47 3.41 3.11 3.18 3.16 

Weekly non-labour income 394.65 425.45 415.66 557.26 453.22 492.59 

Observations 2013 4326 6339 2888 4747 7635 

Notes: O – previously over-employed, U & U – previously unconstrained or underemployed 
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Table A-5:  Descriptive statistics for constrained and unconstrained workers 

(previously employed sample) 

 Females Males 

Explanatory Variable O U&U All O U&U All 

Previous over-employed status 1.00 0.00 0.31 1.00 0.00 0.37 

Previous unconstrained status 0.00 0.80 0.57 0.00 0.87 0.55 

Previous under-employed status 0.00 0.20 0.12 0.00 0.13 0.08 

Age 54.50 54.96 54.81 55.33 56.2 55.88 

Previous tenure 14.92 13.92 14.23 18.82 17.80 18.18 

Previous union 0.35 0.30 0.32 0.28 0.29 0.29 

Education 2.95 2.52 2.66 3.08 2.81 2.91 

English speaking born 0.88 0.89 0.89 0.91 0.87 0.88 

Married 0.71 0.70 0.70 0.86 0.83 0.84 

Objective health shock 0.09 0.07 0.08 0.09 0.08 0.09 

Subjective health shock 0.14 0.12 0.13 0.11 0.11 0.11 

Previous self-employed 0.08 0.09 0.08 0.13 0.18 0.16 

Previous casual worker 0.09 0.25 0.20 0.07 0.15 0.12 

Previous blue collar occupation 0.10 0.15 0.14 0.31 0.46 0.40 

Previous weekly hours worked 42.64 28.32 32.81 50.19 39.08 43.19 

Previous ln(hourly wage) 3.22 3.40 3.35 3.06 3.10 3.08 

Previous non-labour income 317.77 404.51 394.26 502.66 422.99 452.44 

Observations 2188 4821 7009 3044 5198 8242 

Notes: O – previously over-employed, U & U – previously unconstrained or underemployed 

 

Table A-6: Transitions given an objective health shock 

 
Time t (given health shock was experienced) 

Time t-1 Over-employed U & U NILF UNEM 

Over-employed 0.602 0.231 0.143 0.024 

U & U 0.241 0.574 0.160 0.025 

 
Time t (given no health shock experienced) 

Time t-1 Over-employed  U & U  NILF  UNEM  

Over-employed 0.640 0.299 0.050 0.011 

U & U 0.192 0.724 0.073 0.011 

Notes: U & U- under-employed and unconstrained, NILF- not in the labour force, UNEM- unemployed 

 

Table A-7: Desired and actual hours for the employed sample given an 

objective health shock 

 
Given Health shock at time t 

 
Mean s.d Obs 

Male desired hours 37.975 13.693 
591 

Male actual hours 44.025 15.458 

Female desired hours 30.939 11.813 
445 

Female actual hours 34.137 15.553 
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Given no health shock at time t 

 
Mean s.d Obs 

Male desired hours 38.230 13.323 
7044 

Male actual hours 43.309 15.009 

Female desired hours 29.786 12.494 
5894 

Female actual hours 33.323 14.994 

 

Table A-8: Average partial effects for model 1 

Covariate Females Males 

Current subjective health shock 0.012 (0.018) 0.032 (0.025) 

Previous subjective health shock -0.022 (0.016) 0.008 (0.022) 

Previous blue collar*current shock -0.044 (0.053) -0.017 (0.039) 

Previous blue collar*previous 

shock 
0.105 (0.071) -0.016 (0.033) 

Notes: (a) bootstrapped standard errors (100 reps) (b) ***1% significance level, ** 5% significance level, 

* 10% significance level (b) standard errors in parentheses 

 

Table A-9: Selection Model (subjective measure) 

 
CRE Ordered Probit Model 

Previous over-employment status (instrument) 0.835***  (0.032) 

Previous weekly desired hours 0.025***  (0.001) 

Age 0.049***  (0.016) 

Over retirement age 0.246***  (0.058) 

Previous tenure 0.004**  (0.002) 

Previous union status -0.055  (0.048) 

Education 0.052***  (0.009) 

English speaking born 0.023 (0.036) 

Married -0.033 (0.079) 

Current subjective health shock  0.249*** (0.044) 

Previous subjective health shock  0.091* (0.046) 

Previous self-employed 0.133** (0.059) 

Previous casual worker 0.241*** (0.053) 

Previous blue collar occupation 0.060 (0.058) 

Previous blue collar*previous shock -0.030 (0.093) 

Previous blue collar*shock -0.063 (0.088) 

Previous ln(hourly wage) 0.140*** (0.032) 

Previous weekly non-labour income 0.00004*** (0.00001) 

Previous ln(hourly wage) missing 0.093* (0.052) 

Previous weekly non-labour income missing -0.090 (0.148) 

Current subjective health shock missing 0.059 (0.054) 

Previous subjective health shock missing -0.008 (0.053) 

Partner‟s health shock 0.024 (0.044) 

Partner‟s health shock missing 0.028 (0.058) 

Cut 1 -0.687*** (0.236) 
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Cut 2 0.706*** (0.234) 

Rho 0.027* (0.014) 

Time effects Yes 

Region effects Yes 

Mundlak-Chamberlain specification Yes 

Log-Likelihood -11254.480 

Observations
37

 14057 

Notes: (a) ***1% significance level, ** 5% significance level, * 10% significance level (b) standard 

errors in parentheses 

 

  

                                                           
37 Note that under-employed workers are not included in this analysis. 
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11.2 Appendix B 

Table B-1: Models for probability of over-employment for older females 

(objective measure) 

 

(1) (2) 

 

Base model 

Endogeneity 

correcting model 

Previous over-employment status 0.477*** (0.059) 0.715*** (0.139) 

Age 0.020 (0.035) 0.042 (0.043) 

Over retirement age -0.103 (0.113) -0.088 (0.149) 

Current tenure 0.001 (0.003) 0.002 (0.003) 

Current union 0.086 (0.089) 0.092 (0.120) 

Education 0.074*** (0.022) 0.097*** (0.023) 

English speaking born -0.051 (0.089) -0.066 (0.090) 

Married 0.224 (0.162) 0.238 (0.171) 

Current objective health shock  -0.108 (0.091) -0.049 (0.121) 

Previous objective health shock  0.078 (0.098) 0.054 (0.114) 

Current self-employed -0.278*** (0.104) -0.317* (0.176) 

Current casual worker -0.612*** (0.102) -0.537*** (0.195) 

Current blue collar occupation 0.116 (0.136) 0.134 (0.161) 

Previous blue collar occupation -0.240* (0.134) -0.254 (0.162) 

Previous blue collar*previous shock -0.301 (0.287) -0.138 (0.377) 

Previous blue collar*shock -0.410 (0.266) -0.390 (0.295) 

Previous weekly hours worked 0.004 (0.003) - 

Change in weekly hours worked - 0.022 (0.036) 

Current ln(hourly wage) -0.425*** (0.068) -0.224 (0.237) 

Current weekly non-labour income -0.00003 (0.00003) -0.00002 (0.00004) 

Current ln(hourly wage) missing -0.018 (0.116) -0.100 (0.155) 

Current weekly non-labour income 

missing 
-0.365 (0.280) -0.413 (0.336) 

Current objective health shock missing 0.092 (0.107) 0.043 (0.125) 

Previous objective health shock missing 0.130 (0.108) 0.143 (0.118) 

Partner‟s health shock -0.039 (0.098) 0.009 (0.117) 

Partner‟s health shock missing 0.080 (0.108) 0.070 (0.124) 

Initially over-employed 0.612*** (0.068) 0.780*** (0.083) 

Constant -2.275*** (0.684) -0.331 (0.803) 

Rho 0.266*** (0.029) 0.240*** (0.017) 

Time effects Yes Yes 

Region effects Yes Yes 

Mundlak-Chamberlain specification Yes Yes 

Log-Likelihood -2990.180 -2931.020 

Observations 6339 (1213) 

Notes: (a) bootstrapped standard errors for model 2 (200 reps), (b) *** 1% significance level, ** 5% 

significance level, * 10% significance level (c) standard errors in parentheses 
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Table B-2: Models for probability of over-employment for older males 

(objective measure) 

 

(1) (2) 

 

Base model 

Endogeneity 

correcting model 

Previous over-employment status 0.433*** (0.051) 0.762*** (0.121) 

Age -0.028 (0.030) -0.034 (0.036) 

Over retirement age -0.134 (0.127) -0.179 (0.144) 

Current tenure 0.005* (0.003) 0.003 (0.003) 

Current union -0.109 (0.082) -0.119 (0.100) 

Education 0.090*** (0.023) 0.061** (0.024) 

English speaking born 0.154* (0.085) 0.183** (0.083) 

Married 0.144 (0.128) 0.074 (0.169) 

Current objective health shock 0.169* (0.092) 0.234* (0.120) 

Previous objective health shock 0.127 (0.100) 0.130 (0.109) 

Current self-employed -0.161** (0.075) -0.080 (0.126) 

Current casual worker -0.266*** (0.094) -0.086 (0.174) 

Current blue collar occupation -0.220** (0.089) -0.146 (0.106) 

Previous blue collar occupation 0.067 (0.090) 0.038 (0.100) 

Previous blue collar*previous shock -0.040 (0.155) -0.034 (0.182) 

Previous blue collar*shock -0.115 (0.144) -0.142 (0.186) 

Previous weekly hours worked 0.007*** (0.002) - 

Change in weekly hours worked - 0.059* (0.031) 

Current ln(hourly wage) -0.212*** (0.054) 0.109 (0.204) 

Current weekly non-labour income -0.00003* (0.00002) 0.00002 (0.00004) 

Current ln(hourly wage) missing -0.023 (0.078) -0.106 (0.103) 

Current weekly non-labour income 

missing 
-0.182 (0.223) -0.244 (0.258) 

Current objective health shock missing 0.159 (0.098) 0.180 (0.126) 

Previous objective health shock missing 0.090 (0.099) 0.062 (0.110) 

Partner‟s health shock 0.193*** (0.071) 0.218*** (0.082) 

Partner‟s health shock missing 0.016 (0.100) 0.051 (0.117) 

Initially over-employed 0.640*** (0.063) 0.671*** (0.075) 

Constant -2.261*** (0.556) -0.604 (0.549) 

Rho 0.326*** (0.025) 0.296*** (0.016) 

Time effects Yes Yes 

Region effects Yes Yes 

Mundlak-Chamberlain specification Yes Yes 

Log-Likelihood -3947.557 -3887.266 

Observations 7635 (1456) 

Notes: (a) bootstrapped standard errors for model 2 (200 reps), (b) *** 1% significance level, ** 5% 

significance level, * 10% significance level (c) standard errors in parentheses 
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Table B-3: Average partial effects for model 2 (objective measure) 

 Females Males 

Current objective health shock -0.012 (0.015) 0.064** (0.028) 

Previous objective health shock 0.014 (0.021) 0.035* (0.021) 

Previous blue collar*current shock -0.091* (0.052) -0.037 (0.035) 

Previous blue collar*previous shock -0.034 (0.057) -0.009 (0.035) 
Notes: (a) bootstrapped standard errors (100 reps) (b) ***1% significance level, ** 5% significance level, 

* 10% significance level (c) standard errors in parentheses 

 

Table B-4: Model for probability of leaving the labour force (objective 

measure) 

 

(3) 

 

 Females  Males 

Previous over-employment status 0.276*** (0.069) 0.180** (0.072) 

Age 0.015 (0.046) 0.125*** (0.047) 

Over retirement age 0.125 (0.114) 0.314** (0.130) 

Previous tenure 0.017*** (0.004) 0.015*** (0.004) 

Previous union -0.209* (0.118) -0.112 (0.128) 

Education -0.009 (0.023) -0.023 (0.029) 

English speaking born -0.075 (0.099) 0.135 (0.112) 

Married 0.056 (0.195) -0.413* (0.213) 

Current objective health shock  0.506*** (0.105) 0.642*** (0.123) 

Previous objective health shock  0.021 (0.128) 0.229 (0.141) 

Previous self-employed 0.361** (0.146) -0.125 (0.142) 

Previous casual worker -0.054 (0.109) 0.180 (0.130) 

Previous blue collar occupation 0.131 (0.139) 0.155 (0.131) 

Previous blue collar*previous shock 0.321 (0.336) -0.033 (0.213) 

Previous blue collar*shock -0.111 (0.283) -0.228 (0.189) 

Previous weekly hours worked -0.018*** (0.003) -0.012*** (0.003) 

Previous ln(hourly wage) 0.060 (0.072) 0.169** (0.073) 

Previous weekly non-labour income 0.0001*** (0.00003) 0.0001*** (0.00003) 

Previous ln(hourly wage) missing -0.011 (0.130) 0.220* (0.124) 

Previous weekly non-labour income 

missing 
-0.250 (0.369) -0.178 (0.454) 

Current objective health shock missing 0.285** (0.138) -0.172 (0.176) 

Previous objective health shock missing 0.117 (0.141) -0.061 (0.168) 

Partner‟s health shock 0.141 (0.109) -0.036 (0.106) 

Partner‟s health shock missing -0.037 (0.143) 0.172 (0.164) 

Constant -3.890*** (0.760) -6.132*** (0.792) 

Rho 0.204*** (0.043) 0.319*** (0.049) 

Time effects Yes Yes 

Region effects Yes Yes 

Mundlak-Chamberlain specification Yes Yes 

Log-Likelihood -1705.959 -1579.208 

Observations 7009 (1334) 8242 (1549) 

Notes: (a) *** 1% significance level, ** 5% significance level, * 10% significance level (b) standard 

errors in parentheses 
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Table B-6: Model for desired hours of all workers (objective measure) 

 (4) 

 

Females Males 

Previous weekly desired hours 0.467*** (0.022) 0.345*** (0.020) 

Age -0.478* (0.248) -0.573* (0.249) 

Over retirement age -1.270** (0.739) -4.714*** (0.921) 

Previous tenure -0.063** (0.021) -0.075*** (0.021) 

Previous union status 0.034 (0.612) 0.280 (0.644) 

Education 0.086 (0.145) -0.412** (0.192) 

English speaking born 0.342 (0.615) -0.717 (0.712) 

Married -1.545 (1.094) 0.869 (1.011) 

Current objective health shock  -3.119*** (0.643) -4.621*** (0.753) 

Previous objective health shock  -0.843 (0.705) -1.632** (0.827) 

Previous self-employed -2.148** (0.899) -0.166 (0.731) 

Previous casual worker -0.435 (0.633) -1.749** (0.744) 

Previous blue collar occupation -0.883 (0.845) -2.802*** (0.703) 

Previous blue collar*previous shock -2.169 (1.992) -0.984 (1.272) 

Previous blue collar*current shock 2.141 (1.827) 1.367 (1.183) 

Previous ln(hourly wage) 1.076** (0.432) 0.033 (0.422) 

Previous weekly non-labour income -0.00004 (0.0002) -0.0002 (0.0002) 

Previous ln(hourly wage) missing -1.855** (0.806) -1.658** (0.644) 

Previous weekly non-labour income missing 2.680 (2.025) 0.939 (1.900) 

Current objective health shock missing -0.400 (0.751) 0.080 (0.792) 

Previous objective health shock missing -0.407 (0.762) -0.136 (0.794) 

Partner‟s health shock  -0.899 (0.657) -0.152 (0.571) 

Partner‟s health shock missing 0.296 (0.765) -0.494 (0.802) 

Initial weekly desired hours 0.167*** (0.016) 0.241*** (0.018) 

Constant 32.245*** (4.592) 43.852*** (4.568) 

Rho 0.163*** (0.020) 0.218*** (0.019) 

Time effects Yes Yes 

Region effects Yes Yes 

Mundlak-Chamberlain specification Yes Yes 

Log-Likelihood -25341.577 -31239.231 

Observations 7009 (1334) 8242 (1549) 

Notes: (a) *** 1% significance level, ** 5% significance level, * 10% significance level (b) standard 

errors in parentheses 

 

Table B-5: Average partial effects for model 3 (objective measure) 

 Females Males 

Previous over-employment status  0.033*** (0.009) 0.020** (0.009) 

Current objective health shock 0.070*** (0.020) 0.085*** (0.020) 

Previous objective health shock 0.002 (0.018) 0.026** (0.013) 

Previous blue collar*current shock -0.012 (0.038) -0.022 (0.016) 

Previous blue collar*previous shock 0.042 (0.052) -0.003 (0.015) 
Notes: (a) bootstrapped standard errors (100 reps) (b) ***1% significance level, ** 5% significance level, 

* 10% significance level (c) standard errors in parentheses 
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Table B-7: Selection Model (objective measure) 

 

CRE Ordered Probit Model 

Previous over-employment status (instrument) 0.831*** (0.032) 

Previous weekly desired hours 0.024*** (0.001) 

Age 0.050*** (0.016) 

Over retirement age 0.246*** (0.058) 

Previous tenure 0.004** (0.002) 

Previous union -0.056 (0.048) 

Education 0.052*** (0.009) 

English speaking born 0.015 (0.036) 

Married -0.042 (0.079) 

Current objective health shock  0.250*** (0.050) 

Previous objective health shock  0.153*** (0.055) 

Previous self-employed 0.133** (0.059) 

Previous casual worker 0.246*** (0.053) 

Previous blue collar occupation 0.060 (0.058) 

Previous blue collar*previous shock -0.113 (0.106) 

Previous blue collar*shock -0.037 (0.098) 

Previous ln(hourly wage) 0.139** (0.032) 

Previous weekly non-labour income 0.00004*** (0.00001) 

Previous ln(hourly wage) missing 0.096* (0.052) 

Previous weekly non-labour income missing -0.082 (0.148) 

Current objective health shock missing 0.048 (0.057) 

Previous objective health shock missing 0.021 (0.057) 

Partner‟s health shock 0.030 (0.044) 

Partner‟s health shock missing 0.029 (0.058) 

Cut 1 -0.730*** (0.237) 

Cut 2 0.665*** (0.236) 

Rho 0.029** (0.014) 

Time effects Yes 

Region effects Yes 

Mundlak-Chamberlain specification Yes 

Log-Likelihood -11252.505 

Observations
38

 14057 

Notes: (a) *** 1% significance level, ** 5% significance level, * 10% significance level (b) standard 

errors in parentheses 

 

Table B-8: Model for desired hours of unconstrained workers (objective 

measure) 

 

(5) 

 

Females Males 

Previous weekly desired hours 0.516*** (0.029) 0.460*** (0.023) 

Age -0.369*** (0.067) -0.480*** (0.161) 

Over retirement age -0.009 (0.640) -2.569** (0.866) 

                                                           
38

 Note that under-employed workers are not included in this analysis 
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Previous tenure -0.029** (0.012) -0.0002 (0.014) 

Previous union -0.075 (0.561) -0.172 (0.609) 

Education 0.610*** (0.130) 0.045 (0.140) 

English speaking born -1.057** (0.503) 0.795 (0.554) 

Married -1.173 (0.885) 1.112 (1.024) 

Current objective health shock  -0.305 (0.714) -0.810 (0.698) 

Previous objective health shock  0.072 (0.716) -0.918 (0.851) 

Previous self-employed -0.398 (1.334) -0.261 (0.647) 

Previous casual worker -0.399 (0.722) -1.514* (0.783) 

Previous blue collar occupation 0.264 (1.192) -1.280* (0.704) 

Previous blue collar*previous shock -4.343* (2.379) 0.235 (1.174) 

Previous blue collar*shock 0.564 (2.202) 0.147 (1.129) 

Previous ln(hourly wage) 1.816*** (0.562) 1.461*** (0.532) 

Previous weekly non-labour income 0.0005** (0.0002) 0.0001 (0.0002) 

Previous ln(hourly wage) missing -2.548*** (0.949) -0.699 (0.623) 

Previous weekly non-labour income 

missing 
2.218 (2.751) -0.590 (2.325) 

Current objective health shock missing 0.236 (0.633) 0.029 (0.817) 

Previous objective health shock missing -0.737 (0.893) -0.112 (0.841) 

Partner‟s health shock -0.674 (0.547) 0.147 (0.564) 

Partner‟s health shock missing 0.747 (0.618) -0.405 (0.696) 

Initial weekly hours desired 0.205*** (0.023) 0.234*** (0.022) 

Constant 26.174*** (3.743) 20.307*** (2.453) 

a1 correction term 0.155*** (0.012) 0.147*** (0.013) 

a2 correction term 0.272*** (0.093) 0.443*** (0.093) 

Time effects Yes Yes 

Region effects Yes Yes 

Mundlak-Chamberlain specification Yes Yes 

R-squared 0.678 0.631 

Observations 3677 (1026) 4166 (1183) 

Notes: (a) bootstrapped standard errors (200 reps), (b) *** 1% significance level, ** 5% significance 

level, * 10% significance level (c) standard errors in parentheses 
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11.3 Appendix C 

Average Partial Effects (APEs) for Dynamic CRE Probit
39

 

Following Wooldridge (2005, p.48), under the assumptions of equation 6.6, the average partial 

effects are based on: 

                      ̅     

where expectation is with respect to the distribution of   .  

If we replace    to get: 

                            ̅          

where the expectation is with respect to the distribution of    ,     and   . 

A consistent estimator of the average partial effect is:  

   ∑       ̂    ̂        ̂     ̂        ̅   
 

   
 

where the „a‟ subscript denotes multiplication by     ̂ 
       and  ̂,  ̂  ̂ ,  ̂ ,  ̂ and  ̂  are the 

maximum likelihood estimators.  

We can compute the changes of this expression above with respect to     or       to obtain their 

APEs. Exactly what is being estimated in the case of the dynamic correlated RE probit model is 

the partial effects averaged across the distribution of   . Stewart gives an example of finding the 

average partial effect of being unemployed in the previous period (Stewart, 2005).  

He defined the average partial effect as:        ̂   ̂  

In our context for the APE of the lagged dependent variable: 

 ̂      ∑       ̂    ̂   ̂     ̂        ̅  ̂  
 

   
 

                                                           
39

 For the CRE probit for the probability of leaving the labour force model, this procedure is followed, the only 

difference being no lagged dependent variable or initial dependent variable in the model. 
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And,  ̂      ∑       ̂   ̂     ̂        ̅  ̂   
    

Average Partial Effects (APEs) for Dynamic CRE Tobit 

Following Wooldridge (2005, p.50), under the assumptions made in equation 6.15, average 

partial effects are based on: 

     |                        
   

                                                [
     

  
]              

     

  
  

where             
  , now substituting for     

            
                    

    ̅         
    

                                      {                 
    ̅         

  |   
     } 

The first line in the equation above is the expectation with respect to the distribution of    and 

the second line in the equation above follows from iterative expectations is with respect to 

(   
       ). 

Wooldridge derives the conditional expectation to be:                
    ̅     

    
    

Therefore, a consistent estimator of the average partial effect is:  

   ∑      ̂   ̂    ̂    
    ̅  ̂  ̂ 

   ̂ 
   

 

   
 

where “^”indicates maximum likelihood estimators.  
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