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Abstract 

In this thesis, I address the question of how real wages are affected by the 

fluctuation of the business cycle in Australia, specifically whether it is better described 

by the standard spot market model or contract market model. I address this question by 

applying the methodology that was developed by Beaudry and DiNardo (1991) to a 

nationally representative Australian panel data set, HILDA. I find that the Australian 

labour market similar to the U.S. is better described by the contract market model. 

Sensitivity analysis shows that this result is robust against potential methodology 

concerns that were proposed by Grant (2003). Also, supplementary result shows that the 

best labour market condition affects the wages of individuals with different education 

attainment differently. I find that the effect is more sizable for individuals with higher 

education attainment. Also, I conduct a survey of past empirical studies that follows the 

Beaudry and DiNardo’s methodology. I find that the best labour market condition 

affects wages in many of the labour market around the world, but it is often in effect 

concurrently with the initial or current labour market conditions. 
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1 Introduction 

There is a debate among economists regarding wages determination and 

employment relationship. The two prevalent views are the spot market and contract 

market paradigms.  

In Neoclassical economy, labour is assumed to be trading in competitive market as 

known as the spot market. The spot market assumes the exchange of labour and 

compensation takes place within a short period of time, the surplus of trading in labour 

market are renegotiated constantly between firms and workers. Therefore, real wages in 

spot market are assumed to be equal to marginal product of labour at all time. By 

extension, real wage should simultaneously adjust or start to adjust as the labour market 

conditions change. This implies that real wages should only be affected by 

contemporaneous labour market conditions and past labour market conditions should 

not have any effect on current real wage. Therefore, whether an individual was hired in 

boom or recession should have no effect on his current wage rate. The spot market 

model is subscribed by many modern macroeconomics models (Kydland and Prescott, 

1982, Long and Plosser, 1983). 

However, the standard spot market model alone does not explain why the 

fluctuation of real wages tends to be much less volatile than the fluctuation in 

employment. Also, according to Australian Bureau of Statistics, only 19.5% of the 

Australian labour force is employed on a causal basis.
1
 This shows most of the 

exchanges in the labour market do not take place within a short period, as assumed by 

the spot market model, but are rather long term in nature. 

 

                                                       
1 Source: ABS, Labour Force, Australia, catalogue no.6359, Form of Employment 
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Figure 1: Movement of Real Average Wages and Unemployment Rate 

 
Source: ABS, Labour Force, Australia, catalogue no.6302, Average Weekly Earning Australia; ABS, Labour Force, Australia, 

catalogue no.6202, Labour force status by Sex - States and Territories  

Figure 1 presents the time trends of the percentage change average weekly real 

wages and the percentage change in unemployment rate (1994-2012), from the 

Australian Bureau of Statistics. From the time trends in Figure 1, it shows that the 

average weekly real wages exhibited changes only around 0.1 percent whereas the 

unemployment rate exhibited around 0.4 percent change in the given period. It is 

apparent that the fluctuation in the percentage change in unemployment rate is much 

more volatile than the percentage change in real wages. If wage determination follows 

the spot market model, wages should always be equal to the marginal product of labour. 

Therefore, wages should positively correlates with the movement of the business cycle, 

and negatively correlates with unemployment rate. However, the time trend data in 

Figure 1 does not seem to follow the prediction of the spot market model. This shows 

that the spot market model does not offer the full story behind the mechanism of wage 

determination. 
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In an attempt to explain the shortcoming of the spot market, the contract market 

model was proposed by Baily (1974), Gordon (1974) and Azariadis (1975). In the 

contract market model, instead of engaging in a short-term exchange of labour and 

compensation, firms and workers would engage in intertemporal exchanges in the 

labour market, where wages are negotiated at the start of the job and are renegotiated 

under specific circumstances. This is enabled by the existence of contracts. Therefore, 

wages in the contract market are dependent on the labour market conditions one’s 

experienced since the start of one’s current job. Under the contract market model, the 

fluctuation of real wages is expected to be less volatile than the fluctuation of 

employment as wages are shielded from the changes in contemporaneous market 

condition by being fixed in the contract. The contract market was described by Okun 

(1981) as the “invisible handshake”, as opposed to the “invisible hand” of the spot 

market.  

The contract market model generated much interest in empirical studies. Starting 

with the Beaudry and DiNardo’s (1991) study in United States, empirical examination 

of the contract market model has been conducted for many advanced economies around 

the world, including Canada (McDonald and Worswick 1999), Northern Italy (Macis 

2006), Germany (Vilhubert 1999), U.S. (Grant 2003, Kudlyak 2010), Britain (Devereux 

and Hart 2005), Finland (Kilponen and Santavirta 2010) and the Europe (Bellou and 

Kaymak 2012). Yet, there hasn’t been any study concerning the application of contract 

market model in Australia.  

In this study, I examine whether Australian Labour market behave in a manner that 

is better explained by the spot market or the contract market using a nationally 

representative panel data set, The HILDA Survey. This study contributes to the literature 

by extending the empirical investigation of the contract market model by using 
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nationally representative data set in Australia. Given empirical investigations that have 

been conducted in other advanced economies has yielded different findings in different 

regions, it is interesting to see whether the contract market model applies to Australian 

labour market. 

Following the Beaudry and DiNardo’s methodology and using Australian data, I 

find that the past labour market conditions has strong significant on real wages in the 

labour market of Australia. The current labour market conditions are only statistically 

significant when the past conditions are not controlled and it becomes statistically 

insignificant once the past conditions are controlled. 

The results of this study indicate that the Australian labour market, similar to the 

US labour market is better described by the contract market model, specifically the 

employer commitment implicit contract.  

 



 

 

1.1 Literature 

1.1.1 Theoretical Literature 

It is important to understand the economic rationale of the contract market model. 

The theoretical basis behind the contract market is the implicit contract theory proposed 

by Baily (1974), Gordon (1974) and Azariadis (1975). They focused on explaining the 

shortcoming of the spot market model by the existence of contract.  

They proposed that in a setting where a risk neutral firm and a risk adverse worker 

engage in a labour market exchange, a Pareto-improving outcome can be achieved if 

they engage in a long term employment relationship, rather than a short term one. In a 

short term labour market exchange (i.e. spot market), the wages that workers receive 

would fluctuate in responds to idiosyncratic shock to productivity, but in a long term 

employment relationship, the firm and workers can share the risk in the idiosyncratic 

shock to productivity. Since the two agents have different attitudes towards risk, a 

Pareto-improving outcome can be achieved. 

Also, the model assumes firms have access to the capital market at low cost and 

high return that can be used to diversify its risks, but workers do not. By engaging in 

long term employment, the risk of wage fluctuation is shared between the worker and 

the firm, where the worker is ensured with a fix or at least stable wage rate, and the 

firm can offer a lower wage rate to the worker, since the worker is risk adverse. In 

their model, the implicit contract acts as insurance, insuring the wage rate for workers 

against temporary productivity fluctuation, and as an insurance premium the firm 

would layoff worker if productivity changes adversely. 

 Whether the contract is sustained or reneged depends on the cost of switching 
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jobs (worker mobility), when outside options become more attractive. If the cost of 

mobility is prohibitively high, renegotiation is not needed even when outside options 

become more attractive than the current job. However, if the cost of worker mobility 

is minimal, the contract would need to be renegotiated to counteract the incentive that 

arises from outside options. This implies the current wage is not determined by the 

contemporaneous market condition, rather by the market condition when the contract 

was negotiated or renegotiated. 

 For renegotiation, Harris and Holmstrom (1982) proposed the optimal contract 

under the condition where the firm guarantees the future wage payment to the 

workers stated in the contract and the commitment is creditable, but the workers are 

not binding by the contract, and cannot guarantee to stay in the firm. This condition 

implies that workers have the option to leave the firm if and when he decision to do 

so, hence worker mobility is costless. Under this condition, the feature of optimal 

contract exhibits downward rigidity, but adjustable upward as the market condition 

improves. This implies wages should reflect the best market condition within the 

duration of the current job where wages are adjusted.  

The contract conditions are further relaxed by the study of Thomas and Worrall 

(1988). They suggested that for the contract to be self-enforcing, wages have to be 

adjustable when the current market condition is deviated significantly from the 

contract wage, rather than downwardly rigid. They proposed that under the condition 

where both the firm and workers are not bounded by the contract, the optimal 

contract should feature a simple update rule. There exists an optimal interval of 

wages given different market conditions. When a worker starts a job and the wage are 

first set, it is set within the optimal interval based on the market condition at the time. 
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As the market condition changes, the optimal wage interval also changes. 

The simple updating rule they propose is wages should always stay within the 

optimal interval as the market condition changes, at the same time minimizing the 

changes of the wage from the previous period. Therefore, if the optimal wage interval 

of the previous period overlaps with the current optimal wage interval, then wages 

will remain the same. Otherwise, contract wages will move into the current optimal 

with minimum changes from previous contract wage. This finding motivated the 

inclusion of best and worst market condition into the empirical analysis of the 

contract model (see Devereux and Hart 2005).
2
 

The study of wage policy of firms also provides some insights into the 

decoupling of wages with market fluctuation. It is seen as an adjustment to let wages 

“reflect objective long-term values rather than current bargaining contingencies” 

(Williamson, Wachter and Harris, 1975) 

The study of Baker, Gibbs and Holmstrom (1994) provided evidence of the 

existence of the internal labour market within a firm. The workers within the internal 

labour market are partially shielded from the external market condition and their 

wages are governed predominantly by the internal appraisal mechanism, namely 

promotion and performance reward, as they signify the workers’ unobservable ability. 

To summarize the theoretical literature, the wages for workers who stayed within 

the same job are at least partially shielded from the external labour market. This is a 

result from firms and workers engage in risk sharing through the intertemporal 

                                                       
2 There are studies argue that the worst market condition has relevance to the effect of labour market 

condition on real wage (Devereux and Hart 2005, Macis 2006), while others argue that there isn’t 

theoretical support for the worst market condition (Grant 2003, Bellou and Kaymak 2011), and 

therefore indicates bias in specification. However, it has become common practice to include the worst 

market condition. 
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employment relationship where wage rate is fixed by a contract and only changes 

when renegotiation become necessitated by the improvement of the workers outside 

option as the labour market condition improves.  

1.1.2 Empirical Literature 

Empirical study of the contract market model has been conducted in many of the 

advanced economies in the world and one of the more prominent papers that studied 

the contract market model is Beaudry and DiNardo (1991). They devised various 

testable implications from implicit contract theory to empirically examine whether 

the spot market model or the contract market model is more consistent with the 

labour market. The empirical specifications they derived are closely followed by the 

subsequent research in contract market model. In their paper, using unemployment 

rate as proxy for market condition, they proposed three alternative models, Full 

Commitment Risk Sharing Contract, Employer Commitment Implicit Contract and 

Spot Market model. 

Full commitment risk sharing contract is when the contract is fully binding on 

both parties. Therefore, wage should reflect the market condition when the contract 

was started, (proxied by unemployment rate when the current job started). Employer 

commitment implicit contract is when the contract is only binding on the employer, 

worker can renege out of contract should they wish to. Therefore, wages should 

reflect the best market condition since the start of current job (proxied by minimum 

unemployment rate since the start of current job), when the firm would raise the wage 

rate to prevent workers from leaving the firm. Spot market is when the contract is not 

binding on both parties, and then wages should reflect the contemporaneous market 

condition, (proxied by current unemployment rate) 

Using the Panel Study of Income Dynamics and Current Population Survey, they 
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conclude that the employer binding implicit contract model best explains the 

movement of real wage over the business cycle in the United States. Also, they 

conclude that the employer binding implicit contract model supersede the spot market 

model and the contemporaneous labour market condition is irrelevant after 

controlling for the past labour market conditions. To the best of my knowledge, such 

empirical investigation has not been conducted for Australian labour market. My 

study will contribute to the existing literature by filling this gap. 

After the study by Beaudry and DiNardo (1991), there have been numerous 

studies that examine whether their finding generalize to other advanced economies in 

the world. However, the empirical evidence for the contract market model is only 

conclusive in the United State. The studies of other economies yielded mixed support 

for both spot market and contract market model. 

Using 11 waves of Canadian cross-sectional data McDonald and Worswick 

(1999) finds consistent results with Beaudry and DiNardo (1991) in terms of the 

minimum unemployment rate, but it does not include the individual fixed effect. The 

subsequent research in U.S. (Kudlyak 2010, Bellou and Kaymak 2011), also finds 

empirical support of the result of Beaudry and DiNardo, except unemployment rate at 

the start of the current job has significant negative effect. 

Grant (2003) interprets the three models proposed by Beaudry and DiNardo as 

specific non-mutually exclusive cases of a more general risk sharing model. In his 

empirical analysis of the U.S. using National Longitudinal Survey, he finds that 

wages are dependent on the contemporaneous market condition as well as the best 

market condition since current jobs started. 

He interprets his result as a more general risk sharing contract, where wage is 

partially insured by implicit contract against, but still responsive to productivity 
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shocks. This is consistent with the finding of the firm wage policy study, where 

partial wage shielding exists within the internal labour market. (Baker et al 1994)  

Also, although Beaudry and DiNardo interpret their result as evidence for employer 

commitment implicit contract, Grant argues that their finding it is more consistent 

with his model of general risk sharing implicit contract
3
. Similar results are also 

obtained in Italy (Macis 2006), Britain (Deverex and Hart 2005) and Finland 

(Hynninen and Maczulsku 2010). 

On the other hand, the research from Germany (Vilhubert 1999) does not 

support the contract model, and the European panel (Bellou and Kaymak 2012) has 

mixed support for both spot and contract model.  

Job Stayers and Job Changers 

The study of Bils (1985) using disaggregated National Longitudinal Survey 

shows that the wages of job stayers and job changers respond differently to the 

change in market conditions. In particular, job changers tend to experience a more 

procyclical movement of real wages, whereas the wage of job stayers tends be less 

procyclical, if not acyclical. This conclusion is supported by the study of Kudlyak 

(2010). It suggests that excluding newly hired workers may lead to clearer estimation 

of the contract model. 

To summarize the empirical literature, after pioneer empirical study of Beaudry 

and DiNardo (1991), they methodology has been employed to many advanced 

economies. Although, the effect of employer commitment implicit contract has been 

significant for most of the past studies, the effect of spot market varies across different 

region. As a result, the existing literatures were unable to conclude which model 

supersedes the other, but rather acknowledge the significant of both the spot market 

                                                       
3 Beaudry and DiNardo based their conclusion on the collective result from the OLS model and the fixed 

effect model, whereas Grants focus on their estimates of the fixed effect model. 



17 

model and the contract market model.    
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2. Data 

To empirically investigate the effect of labour market condition on real wages in 

Australia, data set that satisfies the following properties is required. 

The data set has to be representative of the whole Australia and contains the details 

of current wages, job tenure, employment status and history, and education. Also, one of 

the variables of interest is current unemployment rate, and it only varies across states 

and territories, across years but not within year. Therefore, for the effect of the current 

unemployment rate to be identifiable and with sufficient variation to generate 

informative estimates, it requires a dataset that has a panel structure.  

2.1 HILDA 

The data of this study comes from the Household, Income and Labour Dynamics in 

Australia (HILDA) survey
4
. HILDA is a broad social and economics longitudinal 

survey of Australia that contains detailed informations on family and household 

formation, income and work
5
. The 1st wave was collected in 2001 and it is now up to 

the 11th wave. The sample in the 1st wave contains 13969 fully responding individuals 

and 6872 fully responding households. It is selected to be representative of Australia 

based on Census data. Also, 1963 fully responding households and 4009 fully 

responding individuals in added into the sample using the same sampling methodology.  

The HILDA survey has a few distinct advantages other than its panel structure. 

Firstly, it contains detailed information on individuals’ family and educational 

                                                       
4 This paper uses unit record data from the Household, Income and Labour Dynamics in Australia 

(HILDA) Survey. The HILDA Project was initiated and is funded by the Australian Government 

Department of Families, Housing, Community Services and Indigenous Affairs (FaHCSIA) and is 

managed by the Melbourne Institute of Applied Economic and Social Research (Melbourne Institute). 

The findings and views reported in this paper, however, are those of the author and should not be 

attributed to either FaHCSIA or the Melbourne Institute. 
5 See Wooden et al. (2002) for further details on the HILDA survey. 
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background, current labour market activity, and employment history in panel form. Also, 

unlike the census data, the year of job tenure, income and working hour variables are 

not grouped.  

2.1.2 Sample selection 

This study focuses on the prime age male (21-55 years of age) who works full time 

and have only one job, with no missing data in income and employment variables, who 

started their current job after 1979. The reason for restricting the sample to individuals 

who started current job after 1979 is because the published unemployment rate for 

Australia only contains unemployment rate statistics from 1978 onwards. However, 

individuals who have job tenure beyond 34 years consist of only 0.5% of the HILDA 

sample. Therefore, the effect of the restriction on the result should be insignificant, 

given this restriction is considerably small. 

2.1.3 Summary Statistics 

Dependent Variable 

The individuals’ hourly wage is used in this study as the dependent variable. The 

hourly wage variable is constructed by dividing the individuals’ reported weekly wage 

with reported hours worked in the interview week. Then, it is deflated to 2001 

Australian dollars using CPI
67

, such that the wages are comparable across the years.  

Real wages is used for the following reasons
8
: First of all, when rational agents 

                                                       
6 Source: ABS, Labour Force, Australia, catalogue no.6401.0 Consumer Price Index, Australia 
7 The choice of deflator does not have noticeable significant on the result. The using of CPI is consistent 

with Beaudry and DiNardo’s methodology. 
8 The choice of dependent variable between real and nominal wage does not affect the main result. The 

result obtained from real wages and nominal wages though was slight different in magnitude, it was 

qualitatively the same. Specifically, the sign of all the variables of interest remained unchanged, the order 

of the estimate in turn of magnitude remained uninterrupted and the conclusion remained the same as the 

result obtained from real wages. (see appendix for the result obtained using nominal wage instead of real 

wages ) 
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negotiate over wages, they are trying to maximize their utility. Hence it is reasonable to 

assume they would also take into account the purchasing power of their wages. Second, 

by using real wages, wage movement are abstracted from the wage fluctuations that 

caused by inflation. Third, the purpose of this research is to apply the Beaudry and 

DiNardo’s Methodology to Australian data, it would be helpful if the choice of 

dependent variable also complies with the original paper, so that the result of this paper 

is comparable to the existing literature. 

In addition, since this study focuses on males who work full time, the sample is 

restricted to individual who works more than 35 hours a week and less than 80 hours. 

This is to exclude the individual who’s reported implausible working hours. Moreover, 

the sample is also restricted to individuals who receive real hourly wages above $5 and 

less than $100. This is to eliminate the effect of the outliner who has implausible hourly 

wages. The summary statistics of real wages are presented in Table 1. 

Table 1: Summary Statistics of Real Wages 

 

 

Control Variables 

Individual’s wages are highly associated with one’s personal characteristics and 

employment history. Therefore, in order to determine the structure of the labour market, 

Year Mean Median Std. Dev. Observations 

2001 21.08 18.42 10.87 2,444 

2002 21.04 18.64 10.18 2,342 

2003 21.19 18.97 10.16 2,300 

2004 21.66 18.98 10.48 2,263 

2005 22.28 19.58 10.85 2,307 

2006 22.82 20.04 11.49 2,368 

2007 23.35 20.69 11.32 2,341 

2008 23.55 20.66 11.75 2,420 

2009 24.26 21.32 11.89 2,409 

2010 24.67 21.50 12.39 2,448 

2011 24.83 21.72 12.29 3,189 
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these variables have to be controlled for, so that the results obtained from the model 

would be the true causation of the labour market condition on wage. The summary 

statistics of these variables are presented in Table 2. These variables are included as 

controls but not to infer causality in individuals’ wages. Control variables include 

experience, experience squared, schooling, tenure, tenure squared, have kid, marriage, 

union status, industry dummies and state dummies. 
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Table 2: Selected Sample Summary Statistics 

Selected Sample Summary Statistics Mean Std. Dev 

Hourly earnings (2001 dollars) 22.872  (11.397) 

Experience 19.029  (9.651) 

Schooling 13.352  (2.325) 

Union status 1.721  (0.448) 

Australian born 0.792  (0.406) 

Tenure 6.239  (6.464) 

Married 0.546  (0.498) 

Have kid 0.436  (0.496) 

Contemporaneous unemployment rate 5.095  (1.069) 

Minimum unemployment rate since start of job 4.715  (1.080) 

Maximum unemployment rate since start of job 7.051  (2.278) 

Unemployment rate at start of job 6.289  (1.860) 

States and Territories  Frequency Percent 

NSW 7,833 29.2% 

VIC 6,674 24.9% 

QLD 5,808 21.6% 

SA 2,272 8.5% 

WA 2,550 9.5% 

TAS 703 2.6% 

NT 268 1.0% 

ACT 723 2.7% 

Total observations 26831 100.0% 

Year Frequency Percent 

2001 2,444 9.1% 

2002 2,342 8.7% 

2003 2,300 8.6% 

2004 2,263 8.4% 

2005 2,307 8.6% 

2006 2,368 8.8% 

2007 2,341 8.7% 

2008 2,420 9.0% 

2009 2,409 9.0% 

2010 2,448 9.1% 

2011 3,189 11.9% 

Total observations 26831 100.0% 
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2.2 Labour Force 

Figure 2: Movement of Real Wage and Unemployment rate 

 
Source: HILDA survey; ABS, Labour Force, Australia, catalogue no.6202, Labour force status by Sex - States and Territories 

Figure 2 presents the time trends of the percentage change of real average hourly 

wage and the percentage change in unemployment rate similar to Figure 1, but they are 

re-estimated using the panel data from the HILDA survey instead of the Labour force 

survey from ABS and the time trend of unemployment rate has been adjusted into the 

time period that is comparable to the HILDA survey. 

From the time trends in Figure 2, it shows that the real average hourly wages 

exhibited changes only around 0.1 percent and most of the changes are positive, 

whereas the unemployment rate exhibited around 0.4 percent change in the given period. 

It is apparent that the fluctuation in the percentage change in unemployment rate is 

much more volatile than the percentage change in real wages in the period that relevant 

to this study. The trends of Figure 2 are very similar to Figure 1, and this is expected as 

the HILDA survey contains a nationally representative sample. Therefore, the results 



24 

and conclusions that are drawn from this study are representative of Australia. 

Figure 3: National Unemployment rate 1978-2011 

 
Source: ABS, Labour Force, Australia, catalogue no.6202, Labour force status by Sex - States and Territories 

The national unemployment rate of Australia from 1978-2011 has been between 

4.1% and 10.4%. The unemployment rate peaked in 1984 and 1992-1993, with 9.3% 

and 10.4% respectively. The peak in 1984 is the lagged effect from the recession of the 

early 1980s. The peak in 1992-1993 is the lagged effect from the recession of the early 

1990s caused by contagion effect from the U.S Black Monday in 1987 and the Gulf War. 

Despite the big spite in between, the unemployment rate is downward trending, and 

remained at a low level in the 2000s, benefited by the commodity boom. 

Figure 4 presents the time trend of the state unemployment rates that will be for the 

analysis. The time trend of unemployment rate of these states and territories are similar 

to the national unemployment rate, however the state level unemployment rate would be 

a better proxy for the condition of labour market that is most relevant to the individual 

worker. 
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Figure 4: State Unemployment rate 1978-2011 

 

 
Source: ABS, Labour Force, Australia, catalogue no.6202, Labour force status by Sex - States and Territories  
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3 Econometric Model 

The empirical specification for this study is similar to Beaudry and DiNardo 

(1991), with the addition of maximum unemployment rate to capture the possible 

downward adjustment as the labour market moves unfavorably, and the unemployment 

rates in the specification of this study are substituted with unemployment rates with one 

year lag and it is specified as follows: 

ln(𝑊𝑖𝑡) = 𝛽𝐶𝑈𝐶 + 𝛽𝐼𝑈𝐼 + 𝛽𝑀𝑈𝑀 + 𝛽𝑋𝑈𝑋 + 𝛿𝑋𝑖𝑡 + 𝜖𝑖 + 𝑢𝑖𝑡 

Where i is the cross wave individual index and t is year index; W is the hourly wage of 

individual in year t, deflated by CPI to 2001 dollars; 𝑋𝑖𝑡 is the vector of individual 

characteristics and controls that can vary over time (𝑋𝑖𝑡 includes experience, experience 

square, schooling, tenure, tenure squared, have kid, marriage, union status, industry 

dummies and state dummies); 𝜖𝑖 is the individual fixed effect (constant is subsumed 

under fixed effect); u is the error term. 

In Beaudry and DiNardo’s specification, unemployment rates are used as proxy for 

labour market condition. 𝑈𝐶  represents the unemployment rate of the current period (i.e. 

the unemployment rate of the current year). 𝑈𝐼  represents the unemployment rate at the 

start of the current job (initial unemployment rate). 𝑈𝑀 represents the minimum 

unemployment rate the individual experienced since the start of current job (minimum 

unemployment rate). 

However, in the specification of this study, lag unemployment rates are used 

instead of unemployment rates of the corresponding years to proxy for the labour 

market condition and the maximum unemployment rate is added into the specification. 

𝑈𝐶  represents the lagged unemployment rate of the current period (i.e. the 

unemployment rate of last year). 𝑈𝐼  represents the lagged unemployment rate at the 

start of the current job (i.e. the unemployment rate of one year before the start of current 
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job). 𝑈𝑀 represents the lagged minimum unemployment rate the individual experienced 

since the start of current job (i.e. the lowest unemployment rate from the year before the 

year the individual started the current job to last year). 𝑈𝑋 represents the lagged 

maximum unemployment rate the individual experienced since the start of current job 

(i.e. the highest unemployment rate from the year before the year the individual started 

the current job to last year). 

The reason for using lagged unemployment rates instead of unemployment rates 

proxy labour market condition is as follows: Firstly, It is unlikely that wages could 

realistically adjust simultaneously when labour market condition changes. Moreover, it 

is more likely that firms and workers observe the contemporaneous labour market 

condition, and realize the effect of the changes in labour market condition in the next 

period, through the adjustment in the next period wages. If this was not taken into 

account, it may lead to bias against the spot market model as 𝛽𝐶  would not be 

capturing the effect of the labour market condition in the previous period on wages. 

Also, I used the lagged unemployment rates due to the survey structure of HILDA. 

The wages in HILDA are collected for a given month and are not annual average as they 

are in the PSID that was used by Beaudry and DiNardo in the original study. I also 

perform robustness tests that use non-lagged unemployment rates to re-estimate the 

main results and the main conclusions do not change. 

Spot market 

When contract is not binding on both parties, then wages should reflect the current 

labour market condition (proxy by lagged current unemployment rate). 

This model implies that current wage should only be affected by current labour 

market condition and only the estimate of lagged current unemployment rate should be 

negative and significant.   



28 

𝛽𝐶 < 0, 𝛽𝐼 = 0, 𝛽𝑀 = 0 

Full Commitment Risk Sharing Contract  

When worker mobility is limited or costly, since workers are unlikely to change job 

even the labour market are in favourable condition, employer has no incentive to adjust 

wages offered. Therefore, the current wages would remain the same as the wage that 

was negotiated at the start of the current job, which should reflect the labour market 

condition at the start of the current job (proxy by lagged unemployment rate at the start 

of the current job). In this case, the contract is binding on both the firm and worker. 

This model implies that current wage should not be affected by current labour 

market condition, but by the labour market condition at the start of current job and only 

the estimate of lagged initial unemployment rate should be negative and significant. 

𝛽𝐶 = 0, 𝛽𝐼 < 0, 𝛽𝑀 = 0 

Employer Commitment Implicit Contract  

When worker mobility is costless, workers are could easily switch jobs and would 

very likely to do so during favorable labour market condition, therefore employer would 

have to raise the wages as market condition changes favorably in order to outbid the 

worker’s outside option. Hence, the current wages would reflect the wages that were 

renegotiated at the best labour market condition (proxy by lagged minimum 

unemployment rate) since the start of the current job. In this case, the contract is only 

binding the firm, but not workers. 

This model implies that current wage should not be affected by current labour 

market condition or the labour market condition at the start of current job, but by the 

best labour market condition and only the estimate of lagged minimum unemployment 

rate should be negative and significant. 

𝛽𝐶 = 0, 𝛽𝐼 = 0, 𝛽𝑀 < 0 
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However, the three models above, as suggested by Grant (2003) may only be 

specific cases of the risk sharing contract model. They do not exhaust all possibilities 

and they are not mutually exclusive.  

The employer commitment contract model and the full commitment risk sharing 

model are specific cases at the two extremities of the spectrum of worker mobility. If the 

cost of worker mobility is somewhere between prohibitively high and costless, then it is 

legitimate for more than one of the estimates be negative. 

𝛽𝐶 < 0 𝑎𝑛𝑑/𝑜𝑟  𝛽𝐼 < 0 𝑎𝑛𝑑/𝑜𝑟 𝛽𝑀 < 0 

 For the rest of this study, lagged unemployment rate are referred to as 

unemployment rate unless mentioned otherwise. 
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4 Results 

4.1 Ordinary Least Squares Results 

This selection presents the estimates obtained from ordinary least squares 

estimation. Ordinary least squares model provides a baseline comparison of the different 

specifications before controlling for individual specific time invariant fixed effect. The 

focus of this section will be on the estimates of the current, initial and minimum 

unemployment rate variables, as they proxy for the effect of the labour market condition 

on real wages. These estimates will provide evidence that allow us to compare the three 

proposed model. 

Table 3 presents the estimates result from ordinary least squares model. Columns 

1-3 present the estimates of the effect of labour market conditions under the three 

alternative models. The first column presents the estimates of the effect of current 

unemployment rate on current wage. Second column presents the estimates of the effect 

of the unemployment rate when the current job started on current wage. Third column 

presents the estimates of the effect of minimum unemployment rate experienced in the 

duration of the current job on current wage.  

Although different in magnitude, with minimum unemployment rate sizably larger 

than the other two unemployment rates, all three of the estimates are negative in sign 

and statistically significant when estimated separately. Therefore, it is consistent with 

the prediction of each individual theory. 

Columns 4-7 present the estimates of the effect of the different labour market 

conditions when they are completed against each other. This is done by nesting the 

different unemployment rate variables in the sample regression.  In column 4, current 

unemployment rate and initial unemployment rate are nested together. The two 
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estimates exhibit a small reduction in magnitude, but both estimates remained negative 

in sign and statistically significant.  

In column 5, current unemployment rate and best labour condition experienced 

in the duration of the current job are nested together. The minimum unemployment rate 

estimate exhibit a small increase in magnitude, remained negative in sign and 

statistically significant. On the other hand, current unemployment rate estimate exhibit a 

significant change, it became positive in sign and statistically insignificant.  

In column 6, initial unemployment rate and minimum unemployment rate 

experienced in the duration of the current job are nested together. The minimum 

unemployment rate estimate exhibit a small decrease in magnitude, but remained 

negative in sign and statistically significant. On the other hand, initial unemployment 

rate estimate exhibit a significant reduction in magnitude, and it became statistically 

insignificant.  

In column 7, all three unemployment rate are nested together. The minimum 

unemployment rate estimate exhibit a small decrease in magnitude, but remains 

negative in sign and statistically significant. On the other hand, current unemployment 

rate and initial unemployment rate estimates exhibit a significant change and they 

become statistically insignificant. The estimate of the minimum unemployment rate 

prevailed when competing with any unemployment rate.  

In column 8, the worst labour condition is added to the nest in addition to the 

three unemployment rate. The maximum unemployment rate is included as a control for 

potential downward movement in wage of contract model. However, since this is not 

supported by any of the three models, it should not have any causal effect on wage. 

Therefore, the estimate of maximum unemployment rate would provide indication for 

the existence of bias in the estimators if it is statistically significant. 
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The estimate of minimum unemployment rate exhibit a small decrease in 

magnitude, but remained negative in sign and statistically significant. On the other hand, 

current unemployment rate and initial unemployment rate estimates exhibit a significant 

change and they became positive in sign and statistically insignificant. In addition, the 

maximum unemployment rate estimate is negative in sign and statistically significant. It 

indicates that bias exists in the estimators. As the estimates from Table 3 are obtained 

using ordinary least squares, the existence of individual specific time invariant 

heterogeneity is expected. This shows the heterogeneity bias is significant and further 

measure is needed to eradicate such bias from the result.   

From the result in Table 3, it is apparent that the estimate of minimum 

unemployment rate has the most significant effect both statistically and economically 

even when compete against different combination of unemployment rates in nested 

specifications. This provides the first support on the contract market model, specifically 

the employer commitment implicit contract. However, since the estimate of the 

maximum unemployment rate is significant, it indicates that bias exists in the estimators 

and further action is required in order to verify the validity of this result. 

Composition effect 

During favorable market conditions, firms would seek to hire more workers. As 

the demand of labour increase, even workers with low ability will be hired. However, 

during recession, firms would seek to lower cost by dismissing workers.  In the 

process, firms would first seek to dismiss workers with low ability before dismissing the 

high ability workers. Also, workers who choose to participate in the labour market 

during recession tend to have a higher ability, whereas workers with low ability will 

choose exit the labour market during recession, as they are less likely to be hired. 

Therefore, the labour force in recession is likely to consist of more high ability workers 
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than the labour force in boom. Therefore, it may cause the average wage of the worker 

to increase in recession, and cause wage of workers to be positively correlates with 

unemployment. 

Due to the composition effect, the changes in real wage over the business cycle 

may also be caused by changes in composition of the labour force, as well as changes in 

the workers outside option, caused by changes in labour market condition. This is 

known as composition effect. (Bils 1985, Michael, Moffitt, and Runkle 1988) 

Therefore, if workers hired and dismissed in boom and recession are significantly 

different in unobservable characteristics, the estimate for the unemployment rates would 

be bias. The existence of composition effect would positively bias the estimates of 

unemployment rate in the ordinary least squares model. As real wages should theoretical 

be negative correlated unemployment rate under the proposed models, a positive bias 

from composition effect may render the estimates statistically insignificant, as it biases 

the estimates toward zero. 

 



 

 

Table 3: Ordinary Least Squares Results 

OLS 1 2 3 4 5 6 7 8 

 Current rate -0.0392***   -0.0324*** 0.00153  0.000556 0.00478 

 (0.00253)   (0.00294) (0.00405)  (0.00406) (0.00415) 

 Initial rate  -0.0206***  -0.0126***  -0.00236 -0.00230 0.00521 

  (0.00273)  (0.00299)  (0.00349) (0.00355) (0.00435) 

 Minimum rate   -0.0494***  -0.0507*** -0.0474*** -0.0479*** -0.0410*** 

   (0.00289)  (0.00469) (0.00397) (0.00577) (0.00602) 

 Maximum rate        -0.0198*** 

        (0.00540) 

N 26831 26831 26831 26831 26831 26831 26831 26831 

R-squared 0.305 0.302 0.309 0.306 0.309 0.309 0.309 0.310 

Note: OLS coefficients; standard errors are clustered by individual, reported in parentheses. * p<0.05, ** p<0.01, *** p<0.01 

The specifications include a wide range of controls as mentioned in Section 3, but only the estimates of selected variables are reported in above table.
 9

 

 

                                                       
9 See appendix for result table with the estimate of all variables (A1). 
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4.2 Fixed Effect Model Results 

To address for the potential bias associated with the composition effect, the 

previous results are re-estimated using the fixed effect model, and estimates are 

presented in Table 4.  

The estimates in fixed effect model are free from omitted variable bias that arises 

from the existence of the correlation between unobservable individual specific time 

invariant effect and the estimators. One of the unobservable variables that would 

correlate with the unemployment rates is worker ability. The composition effect 

mentioned above shows there is correlation between ability and unemployment rate. 

Therefore, unlike the estimates in the ordinary least squares model, the estimates in 

fixed effect model will be freed from the bias associated with composition effect. 

In the fixed effect model, the magnitudes of the estimates are smaller in magnitude. 

Columns 1-3 present the estimates of the effect of labour market conditions under the 

three alternative models under fixed effect model. The first column presents the 

estimates of the effect of current unemployment rate on current wage. The second 

column presents the estimates of the effect of the initial unemployment rate on current 

wage. The third column presents the estimates of the effect of minimum unemployment 

rate on current wage. Although smaller in magnitude, the order of estimate in size 

remains the same, with minimum unemployment rate sizably larger than the other two 

unemployment rates. All three of the estimates continue to be negative in sign and 

statistically significant in fixed effect model when estimated separately. Therefore, it is 

still consistent with the prediction of each individual theory after controlling for the 

individual specific time invariant effect. 

Columns 4-7 present the estimates of the effect of the different labour market 
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conditions when they are completed against each other. In column 4, current 

unemployment rate and initial unemployment rate are nested together. The two 

estimates exhibit a small reduction in magnitude, but both estimates remain negative in 

sign and statistically significant. Therefore, it is hard to infer which model is superior. In 

column 5, current unemployment rate and minimum unemployment rate experienced in 

the duration of the current job are nested together. The minimum unemployment rate 

estimate exhibit a small increase in magnitude, remained negative in sign and 

statistically significant. On the other hand, current unemployment rate estimate exhibit a 

significant change, it became positive in sign and statistically insignificant. Therefore, 

the effect of minimum unemployment rate clearly dominates the current unemployment 

rate.  In column 6, initial unemployment rate and minimum unemployment rate are 

nested together. The minimum unemployment rate estimate exhibit a small decrease in 

magnitude, but remained negative in sign and statistically significant. On the other hand, 

initial unemployment rate estimate exhibit a significant reduction in magnitude, and it 

became statistically insignificant. Therefore, the effect of minimum unemployment rate 

dominates the initial unemployment rate. In column 7, all three unemployment rate are 

nested together. The minimum unemployment rate estimate exhibit a small increase in 

magnitude, but remained negative in sign and statistically significant. On the other hand, 

current unemployment rate and initial unemployment rate estimates exhibit a significant 

change and they became statistically insignificant. The estimate for the minimum 

unemployment rate clearly dominates the other unemployment rates. Besides being 

statistically insignificant, the estimate of the other unemployment rates has less than 

0.5% effect on wage changes, whereas the minimum unemployment rate has a -2.3% 

effect on wage. Also, the effect of minimum unemployment rate is consistently at least 

10 times larger in magnitude than the effect of the any other competing unemployment 
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rates in any nesting combination, even after accounting for the individual specific fixed 

effect, therefore it is evident that the employer commitment implicit contract model 

supersedes the other two models. 

In column 8, the maximum unemployment rate is added to the nest in addition to 

the three unemployment rate. The minimum unemployment rate estimate remained the 

same, negative in sign and statistically significant and, current unemployment rate and 

the estimate of initial unemployment rate remain statistically insignificant as in column 

7. In addition, maximum unemployment rate estimate under the fixed effect model 

became statistically insignificant. This indicates the original bias that was in the OLS 

results has been at least subsided if not eradicated. Further sensitivity analysis will be 

carried out in section 5 and 6. 

Overall, the results in Table 5 indicate that current unemployment rate is only 

significant when the minimum unemployment rate is not included. Hence it is not a 

robust measure of the effect of the labour market condition on wages. On the other hand, 

the minimum unemployment rate since the start of current job prevailed in all the above 

specifications even after controlling for individual fixed effect and the other 

unemployment rates. Therefore, the minimum unemployment rate is a robust and better 

measure of the effect of the labour market condition on wages than the initial 

unemployment rate and current unemployment rate. Also, the fact that the estimate of 

the maximum unemployment rate becomes insignificant shows that the results in Table 

5 are no longer affected by the bias that was present in the OLS result in Table 4. This 

result provides further support for the employer commitment implicit contract. However, 

in order to be confident with this result, further sensitivity analysis will be conducted in 

the next section. As there may still be bias is hidden in the estimators, it is necessary to 

further refine this result. 



38 

There is an issue with the empirical specification under the fixed effect model. For 

variables that are time invariant, the estimate of such variable cannot be separately 

identified in the fixed effect model. This issue might become problematic for the initial 

unemployment rate. For individuals who did not change job over the duration of the 

panel (job tenure >11), their initial unemployment rate variable would be time invariant, 

since it does not change unless the individual changes jobs. Therefore, the effect of 

initial unemployment rate variable can only be identified on individuals who changed 

job within the duration of the panel (tenure<11). Fortunately, over 81% of the sample 

did change job at some point over the duration of the panel (tenure<11), hence the 

estimator is identified. This implies the initial unemployment rate variable is only time 

invariant in less than 19% of the sample. Therefore, even though the precision of the 

estimate of the initial unemployment rate may be improved if longer panel data was 

feasible; it should not have significant effect on the estimate of the initial 

unemployment rate. 
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Table 4: Fixed Effect Model Results 

Fixed Effect 1 2 3 4 5 6 7 8 

 Current rate -0.0108***   -0.00986*** 0.00234  0.00212 0.00108 

 (0.00200)   (0.00203) (0.00293)  (0.00296) (0.00308) 

 Initial rate  -0.00700***  -0.00526**  -0.00140 -0.00119 -0.00303 

  (0.00197)  (0.00200)  (0.00211) (0.00213) (0.00262) 

 Minimum rate   -0.0213***  -0.0236*** -0.0206*** -0.0228*** -0.0229*** 

   (0.00262)  (0.00384) (0.00281) (0.00409) (0.00409) 

 Maximum rate        0.00445 

        (0.00371) 

N 26831 26831 26831 26831 26831 26831 26831 26831 

R-squared 0.155 0.155 0.157 0.156 0.157 0.157 0.157 0.157 

Note: Fixed Effect coefficients; standard errors in parentheses. * p<0.05, ** p<0.01, *** p<0.001. 

The specifications include a wide range of controls as mentioned in Section 3, but only the estimates of selected variables are reported in above table.
 10

 

 

 

                                                       
10 See appendix for result table with the estimate of all variables (A1). 
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5 Sensitivity Analysis  

This selection refines the main results obtained in fixed effect model by examining 

whether the results is sensitive for individuals who have different job tenure level, 

specifically for job changers (individual with job tenure less than 1 year) and job stayers 

(individual with job tenure more than or equal to 1 year), this is to verify whether the 

labour market condition affects the wages of job changers and job stayers in the same 

way. 

Table 5 presents estimates obtained from fixed effect model, including only current 

unemployment rate as labour market measure. Results are estimated for the three 

subgroups: the full sample, job changers and job stayers. 

Since the wages of job changer are more procyclical than the job stayer (Bils 1985, 

Kudlyak 2012), it is expected that the effect of current unemployment rate be larger in 

magnitude for job changers than job stayers. This can be seen as evidence for contract 

market model.   

Under the spot market model, the current wages of job changers and job stayers are 

solely determined by the contemporaneous market conditions, the effect of the current 

unemployment for job changers and job stayers should not be different, as past market 

conditions are irrelevant. However, if wage determination follows the contract market 

model, the effect of contemporaneous market condition on current wages should be 

different.    

Under the contract market model, wages are set to reflect the market conditions 

when the contract of the job is negotiated or renegotiated. For job changers, their 

contracts are set recently, thus their wages should be determined by contemporaneous 

labour market condition (since the market condition when the current job started is the 
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same as the contemporaneous market condition). Also, as their current job has just 

started, renegotiation of the contract does not exist. This is because the market condition 

has not changed (the best market condition since the current job started is the same as 

the contemporaneous market condition). However, for job stayers the current wages are 

determined by past market conditions. Therefore, the effect of contemporaneous market 

condition on current wages for job changers and job stayers should be different.  

The result shows that a one percent increase in current unemployment correlates 

with a 2.19% reduction in wage for job changers, but only a 0.947% reduction in wage 

for job stayers. It is evident that the wages of the job changers are more procyclical than 

the wages of job stayers. Therefore, the result from Table 5 confirms that the wages of 

job changers are more procyclical than the wages of job stayers and in turns extends the 

support for the contract market model. 
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Table 5: Full sample, Job Changers and Job Stayers 

 Full sample 

1 

Tenure<1 yr 

2 

Tenure≥1 yr 

3 

 Current rate -0.0108*** -0.0219** -0.00947*** 

 (0.00200) (0.00747) (0.00215) 

Experience 0.0558*** 0.0547*** 0.0550*** 

 (0.00170) (0.00565) (0.00191) 

Experience^2 -0.000696*** -0.000639*** -0.000674*** 

 (0.0000389) (0.000146) (0.0000427) 

School 0.0456*** 0.0626*** 0.0413*** 

 (0.00423) (0.0135) (0.00467) 

Union -0.0361*** -0.0573** -0.0310*** 

 (0.00627) (0.0222) (0.00694) 

Tenure 0.00257* 0.0241 0.00337** 

 (0.00107) (0.0889) (0.00126) 

Tenure^2 -0.000128** -0.0330 -0.000160** 

 (0.0000482) (0.0993) (0.0000524) 

Married 0.0146* 0.0327 0.0110 

 (0.00723) (0.0255) (0.00785) 

Kid -0.00561 -0.00392 -0.000414 

 (0.00588) (0.0216) (0.00636) 

Constant 1.732*** 1.557*** 1.813*** 

 (0.0643) (0.206) (0.0720) 

State dummies yes yes yes 

Industry dummies yes yes yes 

N 26831 4832 21999 

R-squared 0.155 0.220 0.153 

Note: Fixed effect coefficients; standard errors in parentheses. * p<0.05, ** p<0.01, *** p<0.001. 
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It is noteworthy that the wages of job changers under both spot market and contract 

market model reflect only of the contemporaneous market condition. Therefore, the 

effect of the two markets cannot be identified separately for the job changers. For this 

reason, as well as the fact that the cyclicality of wages for job changers and job stayers 

are significantly different as presented in Table 5, by excluding the job changers from 

the sample may lead to clearer estimates. 

Table 6 presents the estimates obtained from the fixed effect model with the full 

specification, including the current, initial, minimum and maximum unemployment rate 

as measure of labour market conditions. The table includes the results obtain from the 

unrestricted sample (column 1) and the sample restricted to only job stayers (column 2). 

The excluded sample (job changers) constitutes approximately 18% of the full sample. 

After controlling for the past market conditions, only the minimum unemployment 

rate yielded statistically significant estimate, whereas the current, initial and maximum 

unemployment rate estimates remain statistically insignificant in both the unrestricted 

and restricted sample. The minimum unemployment rate estimate is larger in the 

restricted sample (-2.29%) than in the unrestricted sample (-2.97%) as expected. 

In summary, the results in Table 6 clearly reinforce the results in the previous 

sections and the results are consistent for both the full sample and the restricted sample. 

This again provides support for contract market model with employer commitment 

contract. 
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Table 6: Result for Full Sample and Job Stayers 

 Full sample Tenure≥1 yr. 

 1 2 

 Current rate 0.00108 0.00409 

 (0.00308) (0.00304) 

 Initial rate -0.00303 -0.00463 

 (0.00262) (0.00262) 

 Minimum rate -0.0229*** -0.0297*** 

 (0.00409) (0.00429) 

 Maximum rate 0.00445 0.00388 

 (0.00371) (0.00404) 

Experience 0.0532*** 0.0498*** 

 (0.00185) (0.00219) 

Experience^2 -0.000689*** -0.000653*** 

 (0.0000391) (0.0000429) 

School 0.0433*** 0.0373*** 

 (0.00428) (0.00476) 

Union -0.0359*** -0.0304*** 

 (0.00626) (0.00693) 

Tenure 0.000189 0.00231 

 (0.00166) (0.00180) 

Tenure^2 -0.0000739 -0.000137* 

 (0.0000525) (0.0000553) 

Married 0.0142* 0.0105 

 (0.00722) (0.00784) 

Kid -0.00483 0.000662 

 (0.00588) (0.00635) 

constant 1.854*** 2.032*** 

 (0.0726) (0.0866) 

N 26831 21999    

R-squared 0.157 0.153 

Note: Fixed Effect coefficients; standard errors in parentheses. * p<0.05, ** p<0.01, *** p<0.001. 
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6. Methodology Issues 

The main results from section 4 show that employer commitment implicit 

contract model consistently dominates the other two models. However, it is important 

to refine these results and ensure that they are robust against issue in methodology. 

The section addresses that methodology issue that was proposed by Grant (2003) 

concerning the Beaudry and DiNardo’s methodology. 

Concerning methodology issue, it is necessary to think about potential source of 

bias. One potential source of bias could arise from improper control. It is crucial to 

include sufficient independent variables to control for the changes in wages that are 

caused by individual characteristics, rather than unemployment rate. If the omitted 

variable correlates with any of the unemployment rates, the estimates of the 

unemployment rates would be biased.    

In column 1-3, state and industry controls are progressively added to the model. 

In column 1, starting from the most simplified model, the model consists only of the 

basic control, linear tenure control and the current, initial and minimum unemployment 

rates. In column 2, the state dummy variables are added into the model. State dummies 

would capture any state specific changes that may cause changes in individual wages, 

such as state level policies and minimum wage requirement. In column 3, the industry 

specific dummy variables are added into the model. Industry dummies would capture 

any industry specific changes that may cause changes in individual wages, such as 

competition, technology and industry specific demand shock.  

In column 4, the variable maximum unemployment rate in the duration of current 

job is added to the model. The maximum unemployment rate would capture any 

downward movement in wages as market condition deteriorates. Although this is 

empirically possible, it is not supported by the three proposed models or the risk sharing 
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concept of the implicit contract theory. Therefore, if the maximum unemployment rate 

is statistically significant, it can be seen as an indication of specification error. Suppose 

the wages adjust downward when unemployment rates are high, but do not 

simultaneously adjust with contemporaneous market condition, then the omission of the 

maximum unemployment rate would negatively bias the estimate of other 

unemployment rates. 

Another potential source of bias may arise from the omission of the functional 

form of the control variables. In column 5, the quadratic tenure control is added into the 

model and it becomes the basic specification as used in the main results. In the column 

1-4, the control variable year of tenure exists in the linear form. However, suppose 

effect of job tenure vary as job tenure increases, then linear tenure control would not be 

sufficient for controlling the effect of job tenure on wage, as linear control only estimate 

the average effect of tenure. Therefore, by including the quadratic form of tenure control, 

it allows the effect of tenure to change as the year of job tenure increases. This becomes 

the specification used in the main results. This is also used predominantly as the main 

specification for previous studies.  

In column 6, the tenure dummy variables are added into the model. Although the 

quadratic term of tenure control has been consistently sufficient for previous studies, it 

is still necessary to be prudent and check if the quadratic form of tenure control 

completely captures the effect of tenure on wage. Suppose the effect of tenure on wage 

varies sporadically over the tenure profile, rather than in a linear or quadratic manner. 

Then, quadratic form of tenure control cannot completely capture the effect of tenure. If 

this is the case, then the estimates of the unemployment rates would correlate with the 

residual, and lead to bias in the estimates. By adding in tenure dummies, the changes in 

the effect of tenure on wages in each number of years across the tenure profile is 
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identifiable separately, and therefore can accommodate potential sporadic changes in the 

effect of tenure on wages. 

In column 7, the interaction term of current unemployment rate and tenure is added 

to the model. The specification used in the main result assumes that years of tenure have 

uniform effect cross the business cycle. There is a possibility that the unemployment 

rate estimates would pick up a mix effect of unemployment and tenure on wages. The 

effect of tenure may vary over the business cycle. Suppose, the wages of individual with 

higher tenure are stickier than the individual with lower tenure, the effect of tenure 

during expansion may be similar for individual with high and low tenure, but the effect 

of tenure for individuals with high job tenure would be much higher than the effect for 

individuals with low tenure during recession. This effect if unaccounted for would be 

picked up by the estimate of minimum unemployment rate, and lead to bias. The 

variation of the effect of tenure over business cycle is evident by the minimum 

unemployment rate-tenure profile in figure 5. In the years where the economy is 

booming, the minimum unemployment rate-tenure profile is flat. This shows when the 

economy is booming, the minimum unemployment rate since the start of current job 

would be the same for all individuals regardless of their job tenure. However, during the 

years where the economy is in recession, the minimum unemployment rate-tenure 

profile is very steep. This means that the minimum unemployment rate since the start of 

current job for individuals with low job tenure is much higher than the individuals who 

have high job tenure. This is because individuals with high job tenure would have 

experienced the years where the economy was booming. Hence, their wages would 

reflect the labour market condition of the year where the economy was at the peak. On 

the contrary, individuals who have low job tenure would not have experienced the years 

where the economy was booming. Hence, their wages would reflect the labour market 
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condition of the recession. The estimate of the interaction of the current unemployment 

rate and tenure is positive and significant. This shows some portion of the tenure effect 

is misattributed as the effect of the minimum unemployment rate in the previous 

specification (column 1-6). However, it does not destroy or diminish the evidence 

offered by the results in the previous selection. After accounting for this issue, the 

estimate of the minimum unemployment rate decreased only by 0.1 percentage point 

and it remains significant both statistically and economically. Therefore, the minimum 

unemployment rate remains the best measure of the effect of labour market conditions 

on wages out of the three unemployment rates. 

Overall, across the seven columns, after accounting for all the proposed issue in the 

methodology, the estimates of minimum unemployment rate remained negative and 

statistically significant. It remained around -2.4%, with less than 0.2% variation across 

all seven columns. On the other hand, the estimates of initial and current unemployment 

rate remained statistically insignificant for all seven columns. Therefore, the minimum 

unemployment rate is robust against the proposed methodology issue, which again 

provides further support for the contract market model and the employer commitment 

implicit contract. 
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Table 7: Result Adjusted for Methodology Issue 

 1 2 3 4 5 6 7 

 Current rate 0.00269 0.00271 0.00307 0.00159 0.00111 0.00212 -0.00731 

 (0.00293) (0.00293) (0.00291) (0.00305) (0.00308) (0.00311) (0.00388) 

 Initial rate -0.00125 -0.000842 0.0000927 -0.00252 -0.00301 -0.00392 -0.00318 

 (0.00201) (0.00203) (0.00202) (0.00259) (0.00262) (0.00266) (0.00266) 

 Minimum rate -0.0249*** -0.0247*** -0.0248*** -0.0247*** -0.0234*** -0.0256*** -0.0246*** 

 (0.00395) (0.00397) (0.00396) (0.00396) (0.00412) (0.00418) (0.00419) 

 Maximum rate    0.00601 0.00531 0.00672 0.0102** 

    (0.00370) (0.00375) (0.00378) (0.00388) 

Experience 0.0544*** 0.0547*** 0.0531*** 0.0537*** 0.0533*** 0.0528*** 0.0533*** 

 (0.00179) (0.00179) (0.00179) (0.00182) (0.00185) (0.00185) (0.00185) 

Experience^2 -0.000726*** -0.000729*** -0.000705*** -0.000699*** -0.000690*** -0.000682*** -0.000670*** 

 (0.0000383) (0.0000383) (0.0000382) (0.0000384) (0.0000391) (0.0000391) (0.0000392) 

School 0.0421*** 0.0426*** 0.0426*** 0.0435*** 0.0435*** 0.0436*** 0.0446*** 

 (0.00426) (0.00426) (0.00425) (0.00428) (0.00428) (0.00428) (0.00428) 

Union -0.0381*** -0.0384*** -0.0363*** -0.0363*** -0.0360*** -0.0365*** -0.0361*** 

 (0.00627) (0.00627) (0.00626) (0.00626) (0.00626) (0.00627) (0.00626) 

Tenure -0.000707 -0.000781 -0.000571 -0.00185 -0.000428 0.569 0.766 

 (0.000664) (0.000665) (0.000663) (0.00103) (0.00160) (0.553) (0.555) 

Tenure^2     -0.0000588 -0.0179 -0.0243 

     (0.0000508) (0.0173) (0.0173) 

Married 0.0129 0.0131 0.0146* 0.0143* 0.0142* 0.0147* 0.0147* 

 (0.00725) (0.00725) (0.00722) (0.00722) (0.00722) (0.00723) (0.00723) 

Kid -0.00432 -0.00441 -0.00475 -0.00473 -0.00480 -0.00553 -0.00513 

 (0.00591) (0.00591) (0.00588) (0.00588) (0.00588) (0.00588) (0.00588) 

Current rate* Tenure       0.00121*** 

       (0.000299) 

State dummies no yes yes yes yes yes yes 

Industry dummies no no yes yes yes yes yes 

Tenure dummies no no no no no yes yes 

Constant 1.937*** 1.922*** 1.881*** 1.846*** 1.849*** 1.870*** 1.865*** 

 (0.0669) (0.0680) (0.0696) (0.0727) (0.0727) (0.0729) (0.0728) 

N 26831 26831 26831 26831 26831 26831 26831 

R-squared 0.147 0.148 0.157 0.157 0.157 0.159 0.160 

Note: Fixed Effect coefficients; standard errors in parentheses. * p<0.05, ** p<0.01, *** p<0.001
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Figure 5 (a)-(e): Minimum Unemployment rate and Job Tenure profile 
Figure 5(f) National Unemployment rate 
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6.1 Re-estimation using original proxy 

This selection the main results are re-estimated using contemporaneous 

unemployment rate instead of lagged unemployment rate, which is the proxy of labour 

market condition in Beaudry and DiNardo’s original study. Although the main 

specification in previous sections uses lagged unemployment rate to account for the fact 

that wage adjustment cannot realistically happen instantaneously, it is important to 

verify this claim with empirical evidence by considering the results obtained using the 

original proxy for labour market condition (contemporaneous unemployment rate) that 

was proposed by Beaudry and DiNardo(1991). 

Table 8 presents the result obtained using contemporaneous unemployment rate 

rather than unemployment rate. All results in Table 7 are obtained from fixed effect 

model. 

Columns 1-3 present the estimates of the effect of labour market conditions 

under the three alternative models. First column presents the estimates of the effect of 

current unemployment rate on current wage. Second column presents the estimates of 

the effect of the unemployment rate when the current job started on current wage. Third 

column presents the estimates of the effect of minimum unemployment rate experienced 

in the duration of the current job on current wage. The estimate of current 

unemployment rate in this case is still negative, but it becomes statistically insignificant. 

Whereas, the estimates of initial unemployment rate and minimum unemployment 

remained negative and statistically significant, with the estimate of minimum 

unemployment rate being the largest in magnitude. 

In column 4, all three unemployment rates are nested together. The estimates of 

minimum unemployment rate remained negative and significant. Also, the estimate of 

initial unemployment rate remained insignificant. However, the estimates of current 
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unemployment rate became positive and significant. The positive estimate of the current 

unemployment rate is unexpected and puzzling, as it is not predicted under any of the 

proposed model. 

In column 5, all three unemployment rates are nested together with the addition 

of the maximum unemployment rate. The estimates of the unemployment rates 

remained almost unchanged. Therefore, the downward movement of wages is not what 

causes the estimate of the current unemployment rates to misbehave. One of the 

possible causes is that the estimate of the current unemployment rate is not picking up 

the effect of the current labour market condition. If wage adjustment takes time rather 

than happen instantaneously as labour market condition changes, the estimate of current 

unemployment rate would not pick up such effect. If this was the case, it would 

significantly compromise the validity of the estimate of the current unemployment rate. 

This is because instead of what the estimate of the current unemployment is supposed to 

pick up, which is the effect of labour market condition that corresponds to the current 

period, the estimate is picking up the effect of the labour market condition of the next 

period. This issue is what motivated the introduction of the unemployment rate into 

main specification of this study. By using unemployment rate, it takes into account 

about the fact it takes time for the labour market condition to be observed and learn 

about the change of the labour market condition, the wage is allowed to adjust to the 

change in labour market condition in a more realistic way.  

Nonetheless, the result indicates that the estimate of current unemployment rate 

under either lag unemployment rate or unemployment rate of the corresponding years 

are not both negative and significant, whereas the estimate of minimum unemployment 

rate remained both negative and significant regardless of the choice of proxy, whether 

the labour market conditions are proxied by contemporaneous or lagged unemployment 
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rate. Therefore, it shows that the minimum unemployment rate is the best measure of 

the effect of labour market conditions on wages, which by extension means the 

employer commitment implicit contract model supersedes the other models. 



  

 

5
4

 

Table 8: Re-estimated Results from Original Proxy 

 1 2 3 4 5 

Current rate -0.00294   0.0123*** 0.0120*** 

 (0.00200)   (0.00289) (0.00301)    

Initial rate  -0.00794***  -0.00219 -0.00268    

  (0.00197)  (0.00216) (0.00260)    

Minimum rate   -0.0167*** -0.0269*** -0.0270*** 

   (0.00260) (0.00401) (0.00401)    

Maximum rate     0.00126    

     (0.00372)    

N 26961 26961 26961 26961 26961    

R-squared 0.154 0.155 0.156 0.155 0.156 

Note: Fixed Effect coefficients; standard errors in parentheses. * p<0.05, ** p<0.01, *** p<0.001. 

The specifications include a wide range of controls as mentioned in Section 3, but only the estimates of selected variables are reported in above table.
 11

 

 

 

                                                       
11 See appendix for result table with the estimate of all variables (A3). 
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7. Supplementary Results 

Table 9 presents the fixed effect model result using the full specification obtained 

for subgroup of different level of education attainment. 

Column 1 presents the result obtained from the University subgroup, where the 

individual who has undergraduate or higher education. Column 2 presents the result 

obtained from the Certificate subgroup, where the individual who does not have an 

undergraduate degree, but possess a diploma or advance diploma. Column 3 presents 

the result obtained from the High school subgroup, where the individual who does not 

have any tertiary education. 

In all three education subgroup, the estimates of current and initial 

unemployment rate are statistically insignificant. However, estimate of the minimum 

unemployment rate are negative but only significant at 10% level in the High school 

subgroup and statistically significant at all levels in Certificate and University 

subgroups. Also, magnitude of the estimate of the minimum unemployment rate is 

larger in the University subgroup (-3.18%) than in the Certificate subgroup (-2.81%) 

and the High School subgroup is the smallest (-1.17%).  

Therefore, it seems that the education attainment has a positive effect on the 

magnitude of the estimate of minimum unemployment, the magnitude of the estimate 

increases as education attainment increases. Since the estimate of the minimum 

unemployment rate captures the upward adjustment on wage affect by favorable 

movement in labour market condition, but negating the downturn of the labour market, 

it is reasonable to expect the subgroup with higher education attainment to enjoy a 

higher pay raise during the favorable market condition. As the subgroup with higher 

education attainment has more mobility between jobs, firm has a higher incentive to 
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increase their wages to prevent them from leaving the firm. On the other hand, the High 

School subgroup yielded insignificant estimates for all unemployment rates (minimum 

rate was only significant at 10%) indicate an acyclical behavior of their wages. Since 

the supply of low skilled labour is often abundant and low skilled labour tends to have 

low mobility between jobs, the firm has little incentive to raise their wages even during 

favorable labour market conditions. Also, low skilled workers often receive minimum 

wages, which is not adjusted instantaneously as the labour market condition changes; 

this causes estimates of the current and initial unemployment rates to be insignificant. 

This result is somewhat similar to the study of Hynninena & Maczulskija (2013). Using 

Finland data, they find that the wages of individuals with secondary and tertiary 

education attainment are affected differently by the changes in labour market conditions. 

Specifically, only the individuals with tertiary education attainment enjoy the upward 

flexibility of wages, whereas the wages of individuals who only had secondary 

education are acyclical.
12

  

 

                                                       
12 In the study of Hynninena & Maczulskija (2013), they also find that the workers with only primary 

education attainment also exhibit cyclical changes in wage. However, these individuals only consist of 

an extreme minority of the sample in this study.   
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Table 9: Result by Education Attainment 

 

University 

1 

Certificate 

2 

High School 

3 

University 

4 

Certificate 

5 

High School 

6 

 Current rate 0.00138 0.00393 -0.00647 0.00264 0.00369 -0.00551    

 
(0.00646) (0.00458) (0.00538) (0.00645) (0.00456) (0.00535)    

 Initial rate -0.00684 -0.00144 -0.00522 -0.00559 -0.000683 -0.00344    

 
(0.00562) (0.00388) (0.00458) (0.00563) (0.00387) (0.00456)    

 Minimum rate -0.0298*** -0.0288*** -0.0119 -0.0318*** -0.0281*** -0.0117    

 
(0.00872) (0.00615) (0.00713) (0.00873) (0.00613) (0.00708)    

 Maximum rate 0.0134 0.00199 0.00298 0.0121 0.00161 0.00230    

 (0.00768) (0.00563) (0.00652) (0.00769) (0.00562) (0.00648)    

Experience 0.0704*** 0.0443*** 0.0453*** 0.0693*** 0.0429*** 0.0422*** 

 
(0.00383) (0.00287) (0.00334) (0.00385) (0.00287) (0.00333)    

Experience^2 -0.00101*** -0.000516*** -0.000558*** -0.00101*** -0.000499*** -0.000502*** 

 
(0.0000904) (0.0000606) (0.0000650) (0.0000907) (0.0000606) (0.0000648)    

School 0.0753*** 0.142*** 0.0151 0.0781*** 0.137*** 0.0141    

 
(0.0138) (0.0333) (0.123) (0.0138) (0.0332) (0.122)    

Union -0.0139 -0.0425*** -0.0477*** -0.0169 -0.0387*** -0.0430*** 

 
(0.0125) (0.00936) (0.0115) (0.0125) (0.00935) (0.0115)    

Tenure -0.00374 0.000653 -0.00163 -0.00355 0.00116 -0.000761    

 
(0.00336) (0.00251) (0.00296) (0.00336) (0.00251) (0.00294)    

Tenure^2 0.0000384 -0.000130 0.0000404 0.0000424 -0.000134 0.0000107    

 
(0.000111) (0.0000770) (0.0000963) (0.000110) (0.0000767) (0.0000956)    

Married 0.0234 -0.00357 0.0165 0.0227 0.0000435 0.0162    

 
(0.0144) (0.0108) (0.0135) (0.0144) (0.0107) (0.0135)    

Kid -0.0147 -0.00361 0.00125 -0.0153 -0.00293 -0.00187    

 
(0.0118) (0.00873) (0.0110) (0.0118) (0.00871) (0.0109)    

State dummies + + + + + + 

Industry dummies - - - + + + 

Constant 1.391*** 0.692 2.175 1.276*** 0.699 2.168    

 
(0.240) (0.444) (1.344) (0.244) (0.444) (1.333)    

N 7092 11031 8708 7092 11031 8708    

R-squared 0.209 0.129 0.107 0.216 0.138 0.124 

Note: Fixed Effect coefficients; standard errors in parentheses. * p<0.05, ** p<0.01, *** p<0.001. 
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8. International Comparison 

The selection presents a survey of past empirical studies that were conducted in 

many advanced economies of the world. Comparing the results from Australia to the 

rest of the world provides important insight into further deconstructing labour market 

structure and has important policy implications.  

The study of Bellou and Kaymak (2012) find that unionization rate of the country 

significant effect on labour market structure of the country by comparing result from 11 

European countries. Using the European Community Household Panel that contains 

data of eleven European nations, Bellou and Kaymak (2012) find that whether the 

labour market of the country follows the spot market or the contract market model are 

closely correlated with the unionization rate of the country. Specially, if the country is 

highly unionized, then the labour market would follow the full commitment risk sharing 

contract model, whereas if the country has low union density, then the labour market 

would follow the employer commitment implicit contract model. 

The past studies that follow Beaudry and DiNardo’s (1991) framework used data 

from countries in Europe and Northern America. These countries have different level of 

union involvement in their labour market as shown in Figure 6, and have different 

support for the three models. The unionization rate of Australia is 24.2% in 2001 and 

steady declines to 18.1% in 2011. 

 One of the countries that have a similar unionization rate to Australia is Germany, 

however the German result is an outliner. It is the only past studies that did not find any 

significant in the estimate of the minimum unemployment rate, whereas the Australian 

results find strong support for the minimum unemployment rate. Therefore, contrary to 

Bellou and Kaymak (2012) conclusion, unionization rate does not determine the 
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structure of the labour market. 

The international comparison result from Table 10 shows a few things, first the 

United States result does not generalize to everywhere in the world. Six out of ten past 

studies find that the estimate for the current unemployment rate and the minimum 

unemployment rate are both negative and significant. Nine out of ten past studies find 

that the estimates of the minimum unemployment rates are negative, and economically 

and statistically significant. Moreover, the initial unemployment rate estimates are 

economically insignificant in most of the past studies. It seems like only the European 

countries find economically and statistically significant estimate of the current 

unemployment rate, whereas the Northern American countries yielded mixed results for 

the estimate of the current unemployment.  

It is hard to conclude a parameter for which define country’s labour market 

structure. It seems that labour market follows the two parts structure that was proposed 

by Grant (2003). The estimate of the minimum unemployment rate is significant for 

most countries, it represents the risk sharing portion of the wage and whether the current 

unemployment rate is significant dependent on how much is the firm shielding its 

workers from the external shock. It would appear that most country has the employer 

commitment implicit contract, however whether it is at work concurrent with other 

proposed models differ from country to country.  
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Figure 6: International Comparison of Unionization rate 

 
Source: OECD. stat Extract

13
 

 

                                                       
13 OECD and J.Visser, ICTWSS database (Institutional Characteristics of Trade Unions, Wage Setting, 

State Intervention and Social Pacts, 1960-2010), version 3.0 
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Table 10: International Comparison 

 
Current rate Initial rate Minimum rate Maximum rate Sample Model 

United States (Beaudry and DiNardo 1991) -0.007** -0.006 -0.029** 
 

Male FE 

Canadian (McDonald and Worswick 1999) 0.0016 0.0081** -0.0153** 
 

Person pooled OLS 

Germany (Vilhubert 1999) -0.0169* -0.0101** 0.0107* 
 

Male FE 

United States (Grant 2003) 
0.0041 -0.0069** 0.0292** 0.0025 Old Male FE 

-0.0237** 0.006 -0.0229** -0.0071 Young Male FE 

Britain (Devereux and Hart 2005) -0.011** 0.0009 -0.008** 0.004** Male FE 

Northern Italy (Macis 2006) -0.005* 0.007 -0.022** -0.019* Male FE 

United States (Kudlyak 2010) 0.01019 -0.01212** -0.0275** -0.01282* Male FE 

Finland (Kilponen and Santavirta2010) -0.023** 0.0003 -0.004** 0.008 Male FE 

United States (Bellou and Kaymak 2011) -0.0025 -0.008** -0.0285** 
 

Male FE 

Europe (Bellou and Kaymak 2012) -0.0084** -0.006** -0.0081** 
 

Person FE 

* p<0.05, ** p<0.01,. 
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9. Conclusion  

Similar to the finding of Beaudry and DiNardo’s original study of U.S. labour 

market, the Australian labour market is also past dependent. The main result of the study 

is that the employer commitment implicit contract model supersedes the standard spot 

market model in explaining the linkage between real wage and labour market conditions 

in Australia. The effect of current market condition on wages is only negative and 

significant when the past labour market conditions are not controlled for. After 

controlling for the past labour market conditions, the effect of current labour market 

condition on wages is no longer significant, whereas the effect of the best labour market 

condition is negative and significant.  

In addition, I find that although the real wage is procyclical for the whole sample, 

it is more procyclical for job changers than job stayers. I then re-estimated results using 

only the job stayers and find a larger effect of best labour market condition on wages for 

the job stayers than the full sample.  

Also, I have conducted various alternative specifications in order to address the 

methodology concerns, which includes the choice between lagged unemployment rates 

and non-lagged unemployment rate as proxy. I find that the main result is robust against 

these methodology issues.  

Moreover, I find that the effect of the best labour market condition is related the 

individuals education attainment. The size of the effect is larger for individuals who 

have higher education attainment.  

In conclusion, the results from this study clearly demonstrate that the wages in the 

Australian labour market is past dependent, which is consistent with the contract market 

model. The effect of the best labour market condition is consistently negative and 
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significant as well as robust against methodology issues indicates that the employer 

commitment implicit contract supersede other proposed model in explaining the effect 

of labour market conditions on wages. 

Finally, I conducted a survey from the existing literature that also follows the 

Beaudry and DiNardo’s methodology conducted in the rest of the world. I find that none 

of the proposed models alone prevailed in all of these regions, but it is evident that the 

best labour market condition has a sizable influence on wages. It seems that the best 

labour market condition is always affecting wages, but in many cases concurrently with 

the effect of the current labour market condition and / or the initial labour market 

condition. This seems to suggest a two parts general risk sharing contract as proposed 

by Grant (2003), however further research is required to determine the parameters that 

governs which effect would be in effect concurrently with the effect of the best market 

condition in the labour market.  
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A. Appendix 

A1: Full OLS results correspond to Table 3 

OLS 1 2 3 4 5 6 7 8 

 Current rate -0.0392*** 
  

-0.0324*** 0.00153 
 

0.000556 0.00478 

 
(0.00253) 

  
(0.00294) (0.00405) 

 
(0.00406) (0.00415) 

 Initial rate 
 

-0.0206*** 
 

-0.0126*** 
 

-0.00236 -0.00230 0.00521 

  
(0.00273) 

 
(0.00299) 

 
(0.00349) (0.00355) (0.00435) 

 Minimum rate 
  

-0.0494*** 
 

-0.0507*** -0.0474*** -0.0479*** -0.0410*** 

   
(0.00289) 

 
(0.00469) (0.00397) (0.00577) (0.00602) 

 Maximum rate 
       

-0.0198*** 

        
(0.00540) 

Experience 0.0251*** 0.0251*** 0.0254*** 0.0252*** 0.0254*** 0.0254*** 0.0254*** 0.0254*** 

 
(0.00181) (0.00181) (0.00182) (0.00181) (0.00182) (0.00182) (0.00182) (0.00182) 

Experience^2 
-0.000488**

* 

-0.000485**

* 

-0.000494**

* 

-0.000490**

* 

-0.000494**

* 

-0.000494**

* 

-0.000494**

* 
-0.000496*** 

 
(0.0000449) (0.0000449) (0.0000450) (0.0000449) (0.0000450) (0.0000450) (0.0000450) (0.0000450) 

School 0.0593*** 0.0599*** 0.0591*** 0.0595*** 0.0591*** 0.0591*** 0.0591*** 0.0588*** 

 
(0.00240) (0.00240) (0.00241) (0.00240) (0.00241) (0.00241) (0.00241) (0.00241) 

Union -0.0615*** -0.0607*** -0.0632*** -0.0621*** -0.0632*** -0.0632*** -0.0632*** -0.0636*** 

 
(0.00931) (0.00937) (0.00934) (0.00933) (0.00934) (0.00934) (0.00934) (0.00935) 

Tenure 0.00658*** 0.0148*** 0.00392* 0.0118*** 0.00385* 0.00500* 0.00495* 0.0113*** 

 
(0.00180) (0.00197) (0.00181) (0.00199) (0.00186) (0.00221) (0.00230) (0.00260) 

Tenure^2 -0.000155 
-0.000412**

* 
-0.0000882 

-0.000325**

* 
-0.0000861 -0.000122 -0.000121 -0.000199* 

 
(0.0000802) (0.0000832) (0.0000801) (0.0000829) (0.0000812) (0.0000870) (0.0000894) (0.0000893) 

Married 0.0338*** 0.0326*** 0.0350*** 0.0344*** 0.0350*** 0.0351*** 0.0351*** 0.0359*** 

 
(0.00955) (0.00957) (0.00956) (0.00955) (0.00956) (0.00956) (0.00956) (0.00957) 

Kid 0.0119 0.0125 0.0120 0.0120 0.0120 0.0120 0.0120 0.0121 

 
(0.00903) (0.00909) (0.00904) (0.00905) (0.00904) (0.00904) (0.00904) (0.00904) 

State dummies yes yes yes yes yes yes yes yes 

Industry dummies yes yes yes yes yes yes yes yes 

Constant 1.966*** 1.850*** 2.018*** 1.987*** 2.016*** 2.018*** 2.017*** 2.022*** 

 
(0.0521) (0.0524) (0.0530) (0.0527) (0.0528) (0.0530) (0.0529) (0.0531) 

N 26831 26831 26831 26831 26831 26831 26831 26831 

R-squared 0.305 0.302 0.309 0.306 0.309 0.309 0.309 0.310 

Note: OLS coefficients; standard errors in parentheses. * p<0.05, ** p<0.01, *** p<0.001. 
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A2: Full Fixed Effect results correspond to Table 4 

FE 1 2 3 4 5 6 7 8 

 Current rate -0.0108*** 
  

-0.00986*** 0.00234 
 

0.00212 0.00108 

 
(0.00200) 

  
(0.00203) (0.00293) 

 
(0.00296) (0.00308) 

 Initial rate 
 

-0.00700*** 
 

-0.00526** 
 

-0.00140 -0.00119 -0.00303 

  
(0.00197) 

 
(0.00200) 

 
(0.00211) (0.00213) (0.00262) 

 Minimum rate 
  

-0.0213*** 
 

-0.0236*** -0.0206*** -0.0228*** -0.0229*** 

   
(0.00262) 

 
(0.00384) (0.00281) (0.00409) (0.00409) 

 Maximum rate 
       

0.00445 

        
(0.00371) 

Experience 0.0558*** 0.0554*** 0.0530*** 0.0545*** 0.0529*** 0.0528*** 0.0527*** 0.0532*** 

 
(0.00170) (0.00177) (0.00176) (0.00178) (0.00177) (0.00181) (0.00181) (0.00185) 

Experience^2 -0.000696*** -0.000680*** -0.000694*** -0.000687*** -0.000694*** -0.000692*** -0.000692*** -0.000689*** 

 
(0.0000389) (0.0000390) (0.0000388) (0.0000390) (0.0000388) (0.0000390) (0.0000390) (0.0000391) 

School 0.0456*** 0.0458*** 0.0430*** 0.0447*** 0.0429*** 0.0428*** 0.0427*** 0.0433*** 

 
(0.00423) (0.00423) (0.00424) (0.00424) (0.00424) (0.00425) (0.00425) (0.00428) 

Union -0.0361*** -0.0363*** -0.0359*** -0.0363*** -0.0358*** -0.0359*** -0.0359*** -0.0359*** 

 
(0.00627) (0.00627) (0.00626) (0.00626) (0.00626) (0.00626) (0.00626) (0.00626) 

Tenure 0.00257* 0.00452*** 0.00113 0.00417*** 0.000961 0.00160 0.00138 0.000189 

 
(0.00107) (0.00123) (0.00108) (0.00123) (0.00110) (0.00129) (0.00133) (0.00166) 

Tenure^2 -0.000128** -0.000167*** -0.0000809 -0.000162** -0.0000752 -0.0000914 -0.0000847 -0.0000739 

 
(0.0000482) (0.0000499) (0.0000484) (0.0000499) (0.0000489) (0.0000509) (0.0000518) (0.0000525) 

Married 0.0146* 0.0141 0.0144* 0.0145* 0.0143* 0.0144* 0.0143* 0.0142* 

 
(0.00723) (0.00723) (0.00722) (0.00723) (0.00722) (0.00722) (0.00722) (0.00722) 

Kid -0.00561 -0.00512 -0.00496 -0.00549 -0.00485 -0.00495 -0.00485 -0.00483 

 
(0.00588) (0.00589) (0.00588) (0.00588) (0.00588) (0.00588) (0.00588) (0.00588) 

State dummies yes yes yes yes yes yes yes yes 

Industry 

dummies 
yes yes yes yes yes yes yes yes 

Constant 1.732*** 1.711*** 1.869*** 1.786*** 1.872*** 1.878*** 1.879*** 1.854*** 

 
(0.0643) (0.0658) (0.0681) (0.0676) (0.0682) (0.0696) (0.0696) (0.0726) 

N 26831 26831 26831 26831 26831 26831 26831 26831 

R-squared 0.155 0.155 0.157 0.156 0.157 0.157 0.157 0.157 

Note: Fixed Effect coefficients; standard errors in parentheses. * p<0.05, ** p<0.01, *** p<0.001. 
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A3 Full Fixed Effect results from using contemporaneous unemployment rate 

correspond to Table 8 

 
1 2 3 4 5 

Current rate -0.00294 
  

0.0123*** 0.0120*** 

 
(0.00200) 

  
(0.00289) (0.00301) 

Initial rate 
 

-0.00794*** 
 

-0.00219 -0.00268 

  
(0.00197) 

 
(0.00216) (0.00260) 

Minimum rate 
  

-0.0167*** -0.0269*** -0.0270*** 

   
(0.00260) (0.00401) (0.00401) 

Maximum rate 
    

0.00126 

     
(0.00372) 

Experience 0.0570*** 0.0553*** 0.0546*** 0.0538*** 0.0539*** 

 
(0.00169) (0.00175) (0.00173) (0.00177) (0.00179) 

Experience^2 -0.000691*** -0.000680*** -0.000697*** -0.000693*** -0.000692*** 

 
(0.0000387) (0.0000388) (0.0000387) (0.0000388) (0.0000389) 

School 0.0469*** 0.0457*** 0.0444*** 0.0436*** 0.0438*** 

 
(0.00422) (0.00423) (0.00423) (0.00424) (0.00425) 

Union -0.0361*** -0.0358*** -0.0359*** -0.0355*** -0.0355*** 

 
(0.00625) (0.00625) (0.00624) (0.00624) (0.00624) 

Tenure 0.00236* 0.00461*** 0.00118 0.000894 0.000573 

 
(0.00105) (0.00120) (0.00107) (0.00132) (0.00162) 

Tenure^2 -0.000123** -0.000168*** -0.0000888 -0.0000737 -0.0000712 

 
(0.0000466) (0.0000480) (0.0000468) (0.0000499) (0.0000505) 

Married 0.0145* 0.0142* 0.0149* 0.0141 0.0140 

 
(0.00722) (0.00721) (0.00721) (0.00721) (0.00721) 

Kid -0.00541 -0.00544 -0.00556 -0.00520 -0.00519 

 
(0.00587) (0.00587) (0.00587) (0.00586) (0.00586) 

State dummies yes yes yes yes yes 

Industry dummies yes yes yes yes yes 

Constant 1.651*** 1.715*** 1.799*** 1.822*** 1.816*** 

 
(0.0637) (0.0652) (0.0669) (0.0681) (0.0704) 

N 26961 26961 26961 26961 26961 

R-squared 0.154 0.155 0.156 0.156 0.156 

Note: Fixed Effect coefficients; standard errors in parentheses. * p<0.05, ** p<0.01, *** p<0.001. 

 



   

70 

A4: Fixed effect result using nominal wages 

 
1 2 3 4 5 6 7 8 

 Current rate -0.0111*** 
  

-0.0102*** 0.00229 
 

0.00207 0.00118 

 
(0.00200) 

  
(0.00203) (0.00293) 

 
(0.00296) (0.00308) 

 Initial rate 
 

-0.00713*** 
 

-0.00533** 
 

-0.00138 -0.00118 -0.00276 

  
(0.00197) 

 
(0.00200) 

 
(0.00211) (0.00213) (0.00262) 

 Minimum rate 
  

-0.0219*** 
 

-0.0240*** -0.0212*** -0.0233*** -0.0233*** 

   
(0.00262) 

 
(0.00384) (0.00281) (0.00409) (0.00409) 

 Maximum rate 
       

0.00384 

        
(0.00371) 

Experience 0.0842*** 0.0837*** 0.0813*** 0.0828*** 0.0811*** 0.0810*** 0.0809*** 0.0813*** 

 
(0.00170) (0.00177) (0.00176) (0.00178) (0.00177) (0.00181) (0.00181) (0.00185) 

Experience^2 -0.000697*** -0.000681*** -0.000695*** -0.000688*** -0.000695*** -0.000693*** -0.000693*** -0.000690*** 

 
(0.0000389) (0.0000390) (0.0000388) (0.0000390) (0.0000388) (0.0000390) (0.0000390) (0.0000391) 

School 0.0739*** 0.0741*** 0.0712*** 0.0730*** 0.0711*** 0.0711*** 0.0710*** 0.0715*** 

 
(0.00423) (0.00424) (0.00424) (0.00424) (0.00425) (0.00425) (0.00425) (0.00428) 

Union -0.0358*** -0.0360*** -0.0356*** -0.0360*** -0.0355*** -0.0356*** -0.0356*** -0.0356*** 

 
(0.00627) (0.00627) (0.00626) (0.00627) (0.00626) (0.00626) (0.00626) (0.00626) 

Tenure 0.00257* 0.00455*** 0.00110 0.00419*** 0.000929 0.00156 0.00134 0.000316 

 
(0.00107) (0.00123) (0.00108) (0.00123) (0.00110) (0.00129) (0.00133) (0.00166) 

Tenure^2 -0.000128** -0.000168*** -0.0000799 -0.000163** -0.0000743 -0.0000902 -0.0000837 -0.0000744 

 
(0.0000482) (0.0000499) (0.0000484) (0.0000499) (0.0000490) (0.0000509) (0.0000518) (0.0000526) 

Married 0.0148* 0.0143* 0.0146* 0.0148* 0.0146* 0.0146* 0.0146* 0.0144* 

 
(0.00723) (0.00723) (0.00723) (0.00723) (0.00723) (0.00723) (0.00723) (0.00723) 

Kid -0.00568 -0.00518 -0.00501 -0.00556 -0.00491 -0.00500 -0.00490 -0.00489 

 
(0.00589) (0.00589) (0.00588) (0.00589) (0.00588) (0.00588) (0.00588) (0.00588) 

State dummies yes yes yes yes yes yes yes yes 

Industry dummies yes yes yes yes yes yes yes yes 

Constant 0.961*** 0.938*** 1.101*** 1.016*** 1.103*** 1.110*** 1.111*** 1.090*** 

 
(0.0644) (0.0658) (0.0682) (0.0676) (0.0682) (0.0696) (0.0696) (0.0726) 

N 26831 26831 26831 26831 26831 26831 26831 26831 

R-squared 0.363 0.363 0.364 0.363 0.364 0.364 0.364 0.365 

Note: Fixed Effect coefficients; standard errors in parentheses. * p<0.05, ** p<0.01, *** p<0.001. 

 

 


