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Abstract 
 
The first objective of this paper is to examine the empirical relationship between low-
frequency shocks to labour demand and average wages on an industrial basis using a 
Canadian longitudinal data set.  We estimate a fixed-effects model that controls for 
workers’ unobservable attributes.  The second major objective is to extend the existing 
industry-based literature by estimating a specification allowing for a comparison between 
the degree of wage responsiveness of within-firm stayers and between-firm movers.  The 
findings indicate that average wages by industry tend to respond positively to low 
frequency changes in employment, and that there is some degree of wage flexibility 
within firm-worker matches.   
 

 JEL codes:  J3, J62 
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1.  Introduction 

 Since the mid 1980s, there have been a number of studies employing longitudinal 

micro data investigating the cyclicality of real wages which indicate that real wages tend 

to be fairly responsive to the business cycle (footnote 1).  There is a related strand of 

literature that investigates real wage flexibility based on more aggregated data.  In this 

latter framework the nature of the shocks to the labour market is not high-frequency 

innovations associated with the business cycle, but rather lower-frequency changes 

associated with structural factors that gradually alter the composition of labour demand 

and hence the structure of wages.  While some articles focus on the returns to skill, 

education, or work experience, another dimension on which low-frequency shocks 

operate is the industrial one.  A number of studies have examined the degree of 

responsiveness of real wages across industries that are in long-term decline or ascent 

(Helwege (1992), Devereux (2002, 2005), and Weinberg (2001)).  In these papers 

proxies for shocks to labour demand are linked to variation in the average real wage 

levels by industry.  Under normal conditions positive (negative) shocks to labour demand 

should generate increases (decreases) in both average wages and employment levels 

(footnote 2).  On the other hand, the absence of an empirical association might be 

interpreted as a sign of real wage rigidity.   

 The primary objective of this paper is to examine the empirical relationship 

between low-frequency shocks to labour demand and average wages on an industrial 

basis using a Canadian data set.  While the studies cited above address this question 

using US data, to our knowledge there is no counterpart based on Canadian data.  We 

seek to fill this void in the literature by utilizing Canada’s primary longitudinal data set 

for earnings and employment patterns, the Survey of Labor Income Dynamics (SLID).  In 
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so doing we follow the approach laid out by Devereux (2005), which employed US data, 

fairly closely.   

 In most developed economies, the composition of labour demand has shifted over 

the past few decades.  Fueled by forces such as technological change and evolving 

international trade and investment patterns, the shocks associated with structural change 

show no signs of abating.  Some degree of wage flexibility is a hallmark of efficient 

labour markets that facilitate the adjustment process such that not all of the response (in 

the form of layoffs for a negative shock) is absorbed by the employment variable.  An 

application to Canadian data might be interesting for comparative purposes.  The 

Canadian labour market is generally considered to be somewhat more flexible than its 

counterparts in continental Europe, yet somewhat less so than the US labour market.  The 

labour markets in both countries share some characteristics, such as light regulation 

regarding employment protection and a decentralized structure for wage bargaining.  On 

the other hand, Canada has a significantly higher rate of unionization and hence a greater 

scope of collective bargaining, a much more generous unemployment insurance system, 

greater portability for health insurance benefits, and lower payroll taxes.  On the balance, 

one might expect for real wages in Canada to be a bit more rigid in the face of shocks 

(footnote 3).      

The secondary objective is to examine empirically the degree of wage flexibility 

amongst firm-stayers (i.e. those remaining in the internal labour market) as opposed to 

flexibility generated by firm-leavers (i.e. those passing through the external labour 

market).  The dichotomy between movers and stayers - the latter are thought to exhibit 

relatively less flexibility - is addressed in the real-wage cyclicality literature that is 

oriented around higher-frequency shocks, but is not typically treated in the literature that 
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is focused on lower-frequency shocks.  Our empirical approach involves including fixed 

effects for each worker-firm match as well as for each worker-industry match, allowing 

us to examine possibly heterogeneous wage responses between movers and stayers.  It 

should provide some evidence regarding the real wage responsiveness within these 

matches, i.e. amongst job stayers.  Unlike the Panel Study of Income Dynamics (PSID) 

for the USA, the SLID data set contains a unique identifier for each employer for which 

an individual has worked over the panel, allowing one to track firm changes.  .  To our 

knowledge, this is the only paper analyzing wages for any country containing a 

comparison of estimates of fixed effects by person-industry match with estimates by 

person-firm match. 

 In general, our findings indicate that in Canada average wages by industry tend to 

respond positively to low-frequency shocks, after having controlled for time invariant 

unobservable attributes of workers.  While our findings are essentially consistent with the 

results from the US literature, the magnitude of the estimated parameter of 

responsiveness tends to be slightly lower in Canada.  We also find evidence to support 

the conjecture that there is some degree of wage flexibility in response to employment 

pressures within worker-firm matches as well as within worker-industry matches, and 

thus incumbent workers do exhibit some flexibility.   

  

2.  Survey of the Literature on Real Wage Flexibility  

Turning first to the Canadian studies, McDonald and Worswick (1999) 

investigate the relationship between the current wage and current unemployment rate, 

and also include indicators for lagged macroeconomic conditions.  Using the cross-

sectional Canadian Survey of Consumer Finances (SCF) data between 1981 and 1992, 
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they uncover evidence that the expected contemporaneous cyclical effects are dampened 

with the inclusion of the latter, which they interpret as evidence of some degree of wage 

rigidity.   Using the same data set, Liu (2003) carries out a cross-national investigation of 

the cyclicality of real wages based on data from the US, Canada, and the UK.  Liu 

concludes that real wages in Canada between 1981 and 1994 were strongly pro-cyclical, 

and stresses the importance of adjusting for variations in labour quality.   

The earlier empirical literature for the US on wage flexibility by industry 

indicates that real wages tend to be rigid in response to changes in industry demand.  The 

basic methodological approach common to all of these studies is to estimate an earnings 

equation using micro data that includes a parameter specific to the industry, the 

coefficient of which constitutes an adjusted wage measure by industry.  The data are 

subsequently aggregated to the industrial level, and in second-stage equations, changes in 

that adjusted wage measure are statistically related to proxies for labour market shocks.  

Helwege (1992) finds that the inter-industry wage structure is stable over time despite a 

high degree of variation in growth rates in employment across industries.  Based on the 

cross-sectional data contained in the US Current Population Survey, Weinberg (2001) 

finds that there is no significant relationship at the industrial level between changes in 

average real wages and changes in employment levels over the 1970s or the 1980s.  

 Following the works of Solon et al. (1994) and Bils (1985), which point out the 

importance of basing any such analysis on a ‘composition-constant’ labour force (as 

labour is reallocated across firms and industries in response to shocks), Devereux 

(2002,2005) built on the works of Helwege and Weinberg by taking account of changes 

that can occur over time in the unobservable attributes of industries’ labour forces 

(footnote 4).  Exploiting the longitudinal aspect of the PSID file for the US, Devereux 
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(2005) addresses two potential sources of compositional change.  He accounts for 

changes in unobserved individual traits by estimating an earnings equation including a 

fixed effect for each worker.  In another specification he accounts for changes in 

unobserved industry-specific influences (e.g. specific skills, productive matches, rents) 

by including fixed effects for matches between a worker and an industry.  His empirical 

results indicate that without the inclusion of the fixed effects, there is an appearance of 

wage rigidity, but when they are included, average real wages by industry are fairly 

flexible in the face of low-frequency labour demand shocks with the expected sign.  He 

also reports that the estimates of the fixed effects for industry-worker matches are 

statistically significant.  These findings are consistent with the view that industry-specific 

skills are present (as well-known studies such as Neal (1995) and Parent (2000) have 

suggested), implying the existence of barriers to inter-industry mobility and hence 

militating toward upward sloping labour supply curves (footnote 5).   

 Any wage adjustment that is captured empirically could be attributed to a 

combination of wage changes generated by both stayers and movers on the external job 

market. According to the paradigm of a competitive labour market, wages are flexible in 

the face of shocks even within firm-worker matches, and we do not expect much 

heterogeneity in the wage responsiveness between those two groups.  To the extent that 

wages are more rigid within firm-worker matches than is the case amongst movers 

between firms, however, most of the adjustment occasioned by a productivity shock is 

shunted onto the employment variable.  The literature on the topic of real-wage 

flexibility amongst firm-stayers posits that the flexibility amongst movers should be 

higher than is the case for stayers.  Hart (2006) discusses some of the reasons why wages 

of incumbent workers might deviate from marginal revenue product and remain sticky in 
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the face of shocks:  a phenomenon that he labels rent-sharing.  The nature of wage 

rigidities could lie in either i) implicit contracts that share the risk of unemployment 

between the firm and the risk-averse worker, ii) bonding mechanisms designed to 

facilitate investments in human capital or the preservation of productive matches, iii) 

collective agreements covering wages, or iv) insider-outsider mechanisms blunting 

downward pressure of wages.  While these different mechanisms give competing 

depictions of the nature of wage rigidity, they all point to higher wage flexibility for 

movers than for stayers (footnote 6).     

 The empirical evidence tends to support that assertion.  Devereux and Hart (2005) 

employ UK data and find that within-firm stayers do exhibit some degree of wage 

flexibility, although much less so than between-firm movers.  Employing the US-based 

PSID, Devereux (2001) finds pro-cyclical estimates for real average hourly earnings even 

amongst firm stayers.  Based on US data drawn from the National Longitudinal Survey 

(NLS), Bils (1985) and Shin (1994) both find that real wages are more pro-cyclical for 

movers, although they are still slightly pro-cyclical for stayers.  Solon et al.’s (1994) 

PSID-based study finds a degree of real-wage pro-cyclicality among stayers, as do Shin 

and Solon (2007) based on a merged PSID-NLSY data set.   

  

3.  Regression Models 

3.1 Estimating Equations 
 

The two-step econometric methodology follows the approach and the notation of 

Devereux (2002,2005) fairly closely.  The first involves micro data drawn from the SLID 

file.  In order to derive industry-specific wage effects for each year, an earnings function 

including the observable characteristics of education and experience is estimated within a 
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panel framework.  In order to control for composition bias, three types of fixed effects 

are included in separate regressions: an indicator specific to i) each worker, ii) each 

worker-industry, and iii) each worker-firm.  The equation for the first stage, which is 

estimated separately for men and women, has the following form: 

   ijtijijtitijt fXW εθφββ +++++= 21  (1) 

The dependent variable is the log real wage of worker i in sector j during year t.  

It is the hourly wage of the reference job at the end of each reference year expressed in 

constant 1992 dollars.  The exogenous variables contained in the X matrix include the 

observable human capital characteristics of worker i in year t.  The fixed effect for 

worker i is denoted as fi , while the ones for the worker-industry or worker-firm are 

denoted by ijθ  (worker i in either firm j or industry j).  The key parameter is the 

component of wages that is specific to each industry.  Each year-industry has its own 

estimated parameter (the φ  term), which reflects the adjusted average log-real wage for 

industry j in year t holding constant the influences of educational attainment, experience, 

and fixed effects.   

Equation (1) is estimated for four different variations.  For the first specification, 

only the observable variables are included, namely all of the experience and educational 

variables and the industry-year effects.  The least squares technique is applied to these 

linear equations with robust estimation based on clustering of the error terms for any 

individual.  For the second specification, the worker fixed effects are included (footnote 

7).  They are replaced in the third specification by worker-industry effects, and in the 

fourth specification by worker-firm effects. 



 9

For the second stage of the estimation, the unit of analysis is aggregated up to the 

level of the industry.  The dependent variable for these estimating equations is the point 

estimate of the average adjusted wage (the φ  term obtained in the first stage).  This 

variable is thus matched with the corresponding employment level data drawn from the 

Labour Force Survey (LFS) in order to estimate the statistical relationship between 

changes in wages and changes in employment levels.  Under the hypotheses of 

exogenous, low-frequency shocks to labour demand and upward-sloping labour supply 

functions, one expects to obtain a positive relationship.        

 Three different specifications are estimated at the second stage.  The first consists 

of a time series-cross sectional GLS estimator for which the dependent variable is the 

adjusted log-wage level, and the primary independent variable is the log-employment 

level.  The frequency is annual, so the unit of observation is the industry-year, and 

specific effects are included for each year and each industry.  The estimating equation 

has the following form: 

jtjtjtjt INDYEARE υααααφ ++++= 4321
ˆ       (2) 

where YEARt represents the year-specific binary variables, and INDj reflects the 

set of industry-specific binary variables.  There are a total of 126 observations – 6 years 

for each of the 21 industries.  The weighting process assigns a value of the number of 

individual observations in that industry-year.   

 The annual frequency of equation (2) is less than ideal for capturing low-

frequency shocks to employment, as the variation will reflect both persistent shocks, 

which are relevant for our empirical task, as well as transitory shocks.  To address this 

issue, we apply an adjustment to the employment series in order to smooth out the 
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transitory shocks.  In a simple, auxiliary regression, the log of the employment variable is 

regressed on a time trend for each industry over the six-year interval.  The fitted value for 

log employment is then used as a proxy measure for the log of employment net of 

transitory fluctuations.  That variable is the regressand for the second specification for 

the second stage of the estimation process.  We have estimated our second-stage 

regressions via the feasible GLS technique.  While this procedure is designed to take 

account of serial correlation in order to generate consistent estimates of the standard 

errors for standard inferential procedures, there are only six time periods of data available 

to do so.   

The third specification for the second-stage estimations is the long-difference 

estimator, which involves regressing the point-to-point (1993 to 1998 and 1996 to 2001) 

difference in the log wage variable on the corresponding difference in the employment 

variable.  It is derived as the first-difference version (of order 5) of equation (2) and is 

expressed as:  

  1 1 2 1
ˆ ˆ ( )jt jt jt jt jtE Eφ φ δ δ μ+ +− = + − +    (3) 

where Ejt refers to log industry employment at time t, and jtμ is the disturbance 

term.  The difference operator serves to net out any permanent differences in wages and 

employment across industries; thus the parameters of that equation are identified solely 

by between-sector variation.  Since the unit of observation becomes the industry, there 

are only 21 observations.  Each observation is weighted by the average number of 

individuals in the industry over the two end-years.  While this long-difference approach 

has the advantage of capturing trend changes in employment and wages rather than short-

term shocks (i.e. differencing out high-frequency changes), the precision of the estimates 
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is low due to the small sample size.  Furthermore the results are potentially sensitive to 

the selection of the end-points. 

The focus of the empirical analysis is on the estimated coefficient of the 

employment variable in equations (2) and (3).  Four empirical patterns are of interest.   

• Is that estimate positive and statistically significant, indicating wage 

responsiveness to low-frequency shocks?   

• Does the magnitude of this estimate tend to increase when fixed effects 

for workers are included in the earnings equations?  Such a pattern would 

indicate wage flexibility after the average wage value by industry has 

been purged of the effects of time-invariant, unobservable attributes, and 

would be consistent with compositional change occurring within the 

industries’ labour forces.     

• The fixed effects for worker-firm matches should capture and net out 

wage influences that are specific to these matches and hence purge out the 

wage response attributable to between-firm movers.  Is there a positive 

and significant effect for the employment change variable after the wage 

measure has been adjusted for these effects?  If so there is some evidence 

of wage flexibility amongst job stayers.   

• Is there any discernable difference in the estimates of the wage 

responsiveness parameters between the specifications for the earnings 

equations which include fixed effects by worker-industry and those which 

include fixed effects by worker-firm?   One might expect that someone 

changing firms but remaining in the same industry would exhibit less 
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flexibility than someone leaving the industry altogether, as perhaps more 

of the skills utilized on the former job are transferable in the former case.   

Compared to stayers within a firm, however, one might expect greater 

wage flexibility among movers who still remain within an industry.   

In summary of the progression of fixed effects, when one conditions only on the 

worker, the least amount of wage variation across units is removed from the fitted 

earnings equations, and thus one expects the highest estimated value for the wage 

responsiveness parameter.  When one conditions on the worker-firm match, the greatest 

amount of wage variation across units is netted out of the fitted earnings equation, and 

thus one expects the lowest estimated value for the wage responsiveness parameter.  

Conditioning on the worker-industry match represents an intermediate case. 

 

3.2  Data Details  

We employ two panels of the SLID file:  panel 1(2) was selected in December of 

1992 (1995), and is representative of the Canadian working age population at that point 

in time (based on the same sampling framework as the LFS).  The data frequency is 

annual from 1993 until 1998 (1996 until 2001).  Although there are three years of overlap 

between the two panels, they share no common subjects.  Because of the discrepancies 

between the target populations of these two panels and in the accompanying weights, 

Statistics Canada recommends that the two panels be treated as independent samples, so 

we do not pool them into a single data file.  Throughout this paper, all equations are 

estimated from each panel separately.     

The sample size of the SLID file is considerably larger than that of the PSID:  

each panel commences with approximately 30,000 observations at the individual level, as 
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opposed to about 5,000 observations with the PSID.  As a result, the cell sizes (grouped 

by industry and year) for the generation of average wages by sector are usually quite 

adequate, bolstering the precision of the estimates of the average wage values.   

For the estimation of the earnings equations in stage one, we follow the sample 

selection criteria that are commonly employed in the literature.  All self-employed 

individuals are omitted for those years in which they did not report paid employment 

because we seek to analyze labour demand, which results in the omission of about 10 % 

of the observations.  We also delete those individuals with a low degree of labour force 

attachment during the reference year (footnote 8).  Any subject with more than 26 weeks 

of NLF status (reported directly in the SLID file) is excluded for the reference year.  This 

step results in the omission of approximately 5 % of the annual observations.  The age 

range for inclusion is 21 through 65 years, and only workers reporting more than 5 years 

of FT work experience (as measured by the self-reported variable) are included, which 

implies that many workers in their early twenties will be dropped from the sample 

(footnote 9).  We exclude part-time workers, but we do include the co-habitants in 

addition to the primary subjects, although the former typically are present for only a few 

years within a panel (footnote 10). 

The wage variable that we retain is the wage or hourly salary for the primary job 

that is reported at either the end of the reference year or at the end of the employment 

spell if the job ended over the course of the year.  Its label in the SLID file is the ‘implicit 

hourly wage for job, paid worker’.  For salaried workers the survey converts the reported 

earnings per pay-period to an hourly rate.  This measure is inclusive of commissions and 

bonuses, but exclusive of overtime remuneration.  As Shin and Solon (2007) and others 

have mentioned, calculations for average hourly earnings are prone to measurement 
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error.  Those authors point out that this measure is likely to exhibit a greater degree of 

cyclicality than the base hourly wage measure.  This problem is an issue for only the 

salaried workers within our sample.   

At the estimation stage, panel 1 (panel 2) contains 31,730 (33,739) person-year 

observations out of a total of 42,495 (48,190) person-year observations before any 

omissions are made.  For the fixed-effect models based on the worker, there are 7,263 

and 7,758 units for men in panels 1 and 2, respectively; the corresponding figures for 

women are 4,982 and 6,047.   For the fixed-effect models based on the worker-firm, 

there are 12,530 and 13,434 units for men in panels 1 and 2, respectively.  The 

corresponding figures for women are 7,760 and 9,830. For the fixed-effect models based 

on the worker-industry, there are 9,874 and 10,661 units for men in panels 1 and 2, 

respectively.  The corresponding figures for women are 6,526 and 8,148 (footnote 11).  

For both genders and for both panels, on average each subject holds approximately 1.7 

jobs and works in approximately 1.4 industries over the course of the panels.  The event 

of switching jobs yet remaining in an industry is apparently not rare.    

Although the SLID file contains a broad array of variables that might influence 

wages, such as visible minority, immigration, and union status, the focus of this study is 

on those characteristics that are thought to be most directly related to worker 

productivity, namely the indicators for human capital (footnote 12).  The level of 

educational attainment is specified by broad educational categories:  those with a HS 

diploma only, those without a HS diploma (the omitted category), and those with more 

than a HS diploma.  The number of years of FT experience, as well as its square and its 

cube, are included as continuous regressors.  There is a direct measure for work 

experience, so we do not utilize the commonly-used proxy of age minus education minus 
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six. In order to capture non-linear effects among these two underlying control variables, a 

total of 9 interacted variables are generated and included in the estimating equations 

(footnote 13).   

 The source for the annual employment series is the Labour Force Survey (LFS).  

It is extracted from CANSIM table # 282-0008, which is the Canadian counterpart to the 

US Current Population Survey.  In order to obtain wage estimates from the SLID file that 

are compatible with the employment data drawn from the LFS, we have to use a fairly 

highly aggregated level.  Although similar data are available in the Survey of 

Employment, Payroll, and Hours (SEPH), the LFS is the only source that provides the 

employment series at a national level broken down by industry as well as by gender.  

Furthermore, the level of aggregation for the LFS data is slightly lower; the SEPH has 19 

sectors, while the LFS has 21 sectors.  We extract the data that are published at this level 

of aggregation for all age groups under 65 years (footnote 14).   

The industry codes in the SLID file are aggregated up to 105 and 21 distinct 

levels, which correspond to specific NAICS (1997 categorization scheme) sectors and 

major groups, respectively (footnote 15).  Furthermore, it is likely that using the more 

detailed, less aggregated data would result in some very small cell sizes.  These 21 

sectors are listed in Table 1.  In comparison to the US literature, the PSID-based analysis 

allows for 26 sectors. 

 As far as the weighting scheme for the first-stage regressions is concerned, given 

our objective of linking the evolution of employment between two particular years to the 

change in real wages over the same time frame, ideally one would apply the ‘cross-

sectional labour weight’ that is designed to render each year’s cross-section 

representative of the labour force during the reference year (footnote 16).  These weights 
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are based on stratifications that are similar to those contained in the LFS.  In a fixed-

effect model, however, one must apply the same value for a cross-sectional unit in every 

year.  An alternative strategy is to apply the cross-sectional weight for the last year of 

each panel to every year contained in the panel, which implies that the observations for 

any subject who is not in the file during the end year will be deleted for the entire panel.  

Given the fairly high rate of attrition, this procedure entailed the loss of almost 40 % of 

the individuals in both panels.  In light of these complications that are involved in the 

application of weights, we elect to estimate all equations without them (footnote 17).   

 Given that worker-firm effects are not treated very often in the literature, and 

given the key empirical function of the identifier, some further discussion is warranted.  

The SLID file contains an exact identifier for each firm at which the subject worked over 

the panel, and it is embedded within the person identifiers (footnote 18).  It thus allows 

one to separate the firm movers from the stayers, and to estimate the worker-firm fixed 

effects within the earnings equation.  These fixed effects are indicative of wage 

differentials between worker-firm matches combined with the wage adjustment that is 

observed for movers between firms (footnote 19).  The estimated coefficient of the 

indicator for changes in employment levels can be interpreted as a measure of wage 

responsiveness amongst stayers after the time-invariant factors for the match are netted 

out.  If wage flexibility is discerned amongst the stayers despite the inclusion of those 

fixed effects, it would imply that incumbent workers are receiving pay cuts or pay raises 

in response to shocks. 

 Devereux’s study has the advantage of spanning a 30-year period that is divided 

into three 10-year intervals (1971-1981, 1981-1991, and 1991-2001).  This is suitable for 

assessing the impact of low-frequency shocks on wage changes given the ten-year length 
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of the windows over which they are calculated.  By contrast, the SLID data set contains a 

maximum of six consecutive annual observations for any individual.  In order to 

investigate the extent to which the six-year intervals capture low-frequency variation 

compared to the 10-year period, we carry out a decomposition of the total employment 

variable into a high-frequency element (for short adjustment cycles) and a low-frequency 

element (for long adjustment cycles) following a frequency domain technique illustrated 

by Baker et al. (1997) (footnote 20).  The high-frequency component reflects variation 

over a two-year cycle, while the low-frequency component reflects cycles of four-year 

periods or longer, which is the time-frame for adjustment in which we are interested.  We 

take two 10-year intervals for the LFS data (1993-2002 and 1996-2005) along with the 

shorter intervals that we employ in our regressions (1993-1998 and 1996-2001, also from 

the LFS data) in order to compare the relative contribution of the low-frequency variation 

to the total variation between these two time frames.  For both panels, we calculate the 

simple correlation coefficient across the 21 industries between the percent growth in the 

low-frequency element over the 6-year window and the percent growth in the low-

frequency element over the 10-year window.   For panel 1, the value is 0.9 (0.88 for the 

total variation), while for panel 2 the corresponding values are 0.91 and 0.89.   It thus 

appears that the cross-industry patterns in the low-frequency variation in employment are 

fairly robust to the shortening of the window from 10 years to 6 years.   

 

4.  Regression Results 

A total of 16 versions of the earnings equation (1) were estimated for the first 

stage.  These variations arise from two genders, the two panels, and the four different 

specifications: i) no fixed effects included, ii) fixed effects for workers, iii) fixed effects 
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for worker-industry matches, and iv) fixed effects for worker-firm matches.  Dummy 

variables are included for each of the industry-year combinations except for reference 

categories.  Partial regression results are presented in appendix Tables 1a,1b,2a, and 2b.  

The overall explanatory power of these regression models is higher for women than for 

men, and higher during the earlier period.  The coefficient of determination for the 

‘within’ effects, which reflects only the variation caused by the time-varying covariates, 

are in the range of 0.03 to 0.10 (not shown).  The R2 statistics (both the raw and the 

corrected versions) that are reported in these four tables reflect the impact of all of the 

fixed effects that are included in a given specification.  In all of our samples, greater 

explanatory power is obtained at each step of the progression of fixed effects that is laid 

out above.  There is thus a tendency for the same worker to exhibit wage variation across 

industries in which he/she works as well as across jobs that he/she holds.   

We first mention the findings for the purely industrial effects before the inclusion 

of any fixed effects (i.e. the trunk equation).  These specifications for these earnings 

functions include a set of binary variables for each of the 21 sectors for each year of the 

panel, with retail trade serving as the omitted category.  The point estimates for 17 out of 

20 industries are significantly higher than the estimate for retail trade.  Average wages 

are lower than that baseline industry only in agriculture and accommodation & food 

services, and they tend to be highest in utilities, mining and oil & gas extraction, public 

administration, and educational services.  Almost all of the estimated parameters for the 

industry-year effects (the φ  parameter) become insignificant when fixed effects are 

included for each person-job.  In all specifications the estimated coefficients for the 

human capital and experience variables are jointly significant (footnote 21).  
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Turning to the estimates for the responsiveness of wages in stage two, the 

presentation is organized as follows.  The first part consists of the long-difference 

estimates generated from equation (3).  The second part consists of the GLS estimates 

generated from equation (2).  The last part resembles the second part, except that the 

employment variable is smoothed to account for transitory shocks.  For each of these 

three parts, there is one equation for each of the 16 variations of the earnings equations.  

The focus is on the estimated coefficient of the employment variable, for which we 

examine empirical patterns along the following four dimensions.   

• a pattern of point estimates becoming greater in magnitude, and perhaps 

entering the expected range of 0.1 to 0.3, as one progresses from the 

specifications without  fixed effects to those including fixed effects for 

workers  

• at least some degree of wage responsiveness amongst firm-stayers, which 

is consistent with a positive and significant coefficient in the equation 

including worker-firm fixed effects.   

• possible differences between the point estimate for the version including 

fixed effects for the worker-firm and the value for the version including 

fixed effects for the worker-industry.  One might expect a slightly higher 

degree of responsiveness for the movers across industries compared to 

movers across jobs who stay in an industry. 

• systematic patterns between the genders    

The results for equations (2) and (3) are listed in Table 2a for men and in Table 

2b for women.  Only the estimated coefficients of the employment variable are listed.  
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Some of the point estimates derived from the long-difference estimator are imprecise, 

although this is less true for the female sample (upper panels).  For the results from the 

GLS equations (in the lower two panels) – using both smoothed and non-smoothed 

employment data – many of the point estimates are positive, statistically significant, and 

of feasible magnitude.    

First we consider the empirical pattern starting from the baseline earnings 

equation (those including no fixed effects – the top line in each panel) and comparing it 

to the version including fixed effects by worker (the second line in each panel).  The next 

step in the progression is the version with a fixed effect for each worker-industry match 

(the third line in each panel), and then finally to the equation that includes fixed effects 

specific to each worker-firm match (the bottom line in each panel). 

For both genders and for both panels, we do uncover an empirical pattern that is 

consistent with our prior expectation:  a progression from negative or weak effects when 

no fixed effects of any type are included to significantly positive effects in the range of 

0.1 to 0.3 when they are included.  For the male samples, moving from fixed effect by 

worker to fixed effect by worker-industry, the magnitudes for the wage responsiveness 

parameter are higher for the latter in panel 1, which is counter to our prior expectations, 

but the anticipated pattern is discerned for panel 2.  In the case of women, the 

responsiveness is estimated to be slightly lower for the version with the worker-industry 

effects (footnote 22). 

For the worker-firm fixed effects, amongst men the wage responsiveness 

parameter is positive and significant only for panel 1, but it is positive and significant in 

all of the female samples.  Compared to the case of worker-specific effects, the 

magnitude for men in panel 1 is higher, which is contrary to expectations.  In the female 
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samples, however, the relative magnitudes are as expected, i.e. smaller in the case of the 

worker-firm effects (footnote 23).     

In comparing the responsiveness parameter between the specifications including 

fixed effects by worker-firm and fixed effects by worker-industry, it was conjectured 

above that the latter one should be higher.  Empirically that finding is confirmed only for 

the samples from panel 2 (both genders), although for the panel 1 female sample, the 

magnitudes are not far apart.   It might be infeasible to discern this predicted pattern 

empirically for a number of reasons, including the fact that the identifier that we use for 

registering industry switches is at a fairly high aggregated level. 

Our estimates reveal some differences between the results drawn from panel 1 

(1993-1998) and those drawn from panel 2 (1996-2001).  Although they are two totally 

independent samples that represent two distinct target populations, they do share three 

years of data, and thus one might expect some degree of similarity, at least in the case of 

the GLS results.  In regards to the estimates of the wage responsiveness parameter from 

the equation including the worker-specific fixed effects, for women the magnitude tends 

to be similar between the two panels, while for men the corresponding magnitude is 

about twice as high for panel 2.  On the other hand, the results are quantitatively similar 

across the two panels for the specifications including the worker-industry fixed effects.  

For both genders the magnitudes and the significance levels in the specifications with 

fixed effects for worker-firms is higher in panel 1.  Comparing the two genders, the 

estimates for the female sample tend to be a bit higher than is the case for men, indicating 

that average wages earned by women tend to be more sensitive to employment 

fluctuations by industry.     
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Figures 1 and 2 consists of scatter plots of the wage responsiveness relationships, 

with a line fitted between the industry wage premia and the employment change variable 

derived from the long-difference equation No. 3 for panel 2, whose results correspond to 

the top part (right column) of Tables 2a and 2b.  These diagrams allow one to eyeball 

these relationships (particularly by the slope) and to compare them across the various 

specifications that include variations of fixed effects.  A slope near zero indicates a low 

degree of wage responsiveness, and the steeper the slope, the higher the degree of 

responsiveness.  The expected empirical patterns as narrower fixed-effects are included 

are summarized in the last paragraph of section 3.1.  In both SLID panels and for both 

genders, the graphs appear flat for the specifications in which no fixed effects are 

included.  In both SLID panels for men, there is a positive and noticeable relationship for 

the specifications including fixed effects for the worker and fixed effects for the worker-

industry (less so for worker-job fixed effects).  In both SLID panels for women, there is a 

positive and noticeable relationship for all of the specifications including any type of 

fixed effect (for panel 1, the diagrams appear in the appendix).   

 In summary of the findings from stage two of the regression analysis, there 

appears to be evidence of the existence of unobserved heterogeneity within labour forces 

of industries, as the inclusion of worker-specific fixed effects has a strong and systematic 

(upward) impact on the estimated magnitude of the wage responsiveness parameter.  We 

do obtain positive correlations between the evolution of wages and changes in 

employment levels that are statistically significant in all samples for which we control for 

compositional effects.  These findings are qualitatively similar to those reported by 

Devereux (2005), who found strong evidence of heterogeneity among women but less so 

among men.  Quantitatively our point estimates tend to lie between 50 % and 110 % of 
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the counterparts that he discerns, indicating a pattern of a somewhat lower degree of 

wage responsiveness in Canada.   

 Turning to the mover-versus-stayer effects, after controlling for worker-firm 

effects, wages are still responsive to low-frequency demand shocks (with the exception 

of one sample), indicating some degree of wage flexibility for incumbent workers.  In 

most of our samples, the degree of estimated wage responsiveness is stronger in the 

equations that include only worker-specific fixed effects compared to the cases of fixed 

effects by worker-firm or by worker-industry.  This pattern is as expected because in the 

former case, we have not netted out the response attributed to the movers.       

 

 5.  Conclusion   

 Our empirical results do support the conjecture that there is a positive empirical 

association at the industry level between demand-side shocks and average wages.  We 

have accounted for changes in the composition of workers within industries that occur 

over time, both in terms of the unobservable attributes of individual workers as well as 

unobservable attributes of worker-firm or worker-industry matches.  The inclusion of 

worker-specific fixed effects has a major impact on the estimates of the wage 

responsiveness parameter, which rise from being insignificantly different from zero to 

falling within the expected range of 0.1 to 0.3.  After accounting for the influence of 

effects specific to worker-firm matches and/or worker-industry matches in the earnings 

equations, there is still evidence of wage flexibility exhibited by firm-stayers.  In most of 

our samples, the degree of estimated wage responsiveness is stronger in the equations 

that include only worker-specific fixed effects compared to the cases of fixed effects by 

worker-firm or by worker-industry.  On a qualitative level, the Canadian evidence that 
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we have uncovered appears to be consistent with the findings reported in Devereux 

(2002,2005) for the USA, but quantitatively our point estimates for the wage 

responsiveness parameter tend to be somewhat lower. This comparative discrepancy is 

reinforced by the fact that the wage measure that we employ includes bonuses and 

commissions, which is likely to exhibit a slightly higher degree of flexibility than a pure 

base-wage measure.   

The empirical findings of the absence of wage rigidity – after having taken 

account of the time-invariant, unobservable compositional factors - suggest that whatever 

the nature of the heterogeneity among labour forces that is reflected in fixed effects, the 

labour supply curves facing industries are less than perfectly elastic.  Even among 

incumbent workers, there appears to be some degree of responsiveness to changes in 

employment conditions, suggesting that they are not benefitting from complete insurance 

of wages against the risk of demand-side shocks.  The wage flexibility that appears to 

emanate from both between-firm movers as well as within-firm stayers is consistent with 

labour market efficiency.  The finding that the estimated degree of wage responsiveness 

is lower than the values that have been reported in the US literature could potentially be 

related to the higher incidence of collective bargaining prevailing in Canadian labour 

markets.   
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Footnotes 
Lead footnote: This research paper is funded as part of a project that is jointly supported 

by Human Resources Development Canada, Industry Canada, and the Social Sciences 

and Humanities Research Council.   Funding from those partners is gratefully 

acknowledged.  We thank Statistics Canada for providing access to this data through the 

Research Data Centre Program, and for the assistance of analyst Jean-Michel Billet.  We 

have benefited from comments made by Paul Devereux and Xuelin Zhang.     

 

1. See Bils (1985), Shin (1994), Solon et al. (1994), Devereux (2001), and Shin and 

Solon (2007) for the USA; Hart (2006) and Devereux and Hart (2006) for the UK. 

 

2. This conjecture assumes the existence of an upward sloping and a relatively stable 

long-run supply curve of labour facing an industry and a reasonably efficient labour 

market. 

 

3. In 1994 (which falls into our estimation interval) 18 % of workers in the USA were 

covered by a collective bargaining agreement, compared to 36 % of Canadian workers 

(source:  OECD Employment Outlook, 1997). Another cross-national difference is that 

the degree of inter-regional mobility is lower in Canada, although this discrepancy is 

limited to the rate of out-migration from Quebec (tied to language barriers).   

 

4. Failing to take account of compositional changes leads to a downward bias in the 

estimated response of average real wages by industry to labour demand shocks, 
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misleadingly suggesting the absence of a positive statistical relationship between real 

wages and labour market shocks. 

 

5. His earlier piece (Devereux (2002)) does not cover the 1990s, but it is otherwise 

similar in terms of objectives, methodology, and data.  The primary difference is that the 

worker-industry fixed effects are replaced by worker-firm fixed effects.  The main 

conclusion is the same; compositional changes bias downward the correlation between 

industry employment and industry wages during the 1980s, but less so during the 1970s. 

 

6. In a theoretical piece dealing with the form of market contracts in a general 

framework, MacLeod and Malcomson (1993) deal with conditions under which fixed-

price wage-employment contracts might be subjected to re-negotiation in response to 

shocks, hence generating some wage flexibility. 

 

7. To give some idea of the sample sizes for the identification of the fixed effect itself, 

for the male (female) sample of panel 1, there are on average 4.4 (3.9) observations per 

unit for the worker-specific effects.  For the male (female) sample of panel 1, there are on 

average 2.6 (2.7) observations per unit for the worker-firm specific effects. 

 

8. This step results in the exclusion of most seasonal workers.   The incidence of seasonal 

work is much higher in Canada than is the case in the USA.  By omitting those with part-

year employment/unemployment patterns, we have removed one source of differentiation 

of the two countries’ labour markets from our empirical analysis, and thus rendering the 

corresponding results more comparable.   
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9. The age range is fairly restrictive in order to better estimate the individual fixed 

effects.  It is thought that during their first several years in the labour force, younger 

workers are still in the process of learning while doing and developing their skills.  As 

such, their skills and human capital attributes are not ‘fixed’ yet.   

 

10. We elected to restrict the sample to FT workers due to a major discrepancy between 

the LFS file and our sample drawn from the SLID file regarding the proportion of PT 

workers in a given industry.  This restriction should render the sample employed in the 

first stage compatible with the one in the second stage.  While both sources employ the 

same definition for PT work (below 30 hours per week), the share of PT workers in our 

SLID-based sample is much lower than is the case for the employment series derived 

from the LFS file.  The explanation lies in the sample selection criteria.  Many PT 

workers are dropped when we exclude very young workers, those with fewer than 5 

years of experience, and part-year workers.   

 

11. The identifier for this unit is derived from the observation of a subject switching 

industries as defined by the same level of aggregation as in the rest of the analysis, with 

21 sectors. 

 

12. Any time-invariant attribute drops out of the estimating equation when the fixed 

effect estimator is applied, and thus it is infeasible to include such traits anyway. 
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13. The three binary variables for the three education groups are each interacted with 

experience, experience squared, and experience cubed. 

 

14. Devereux (2002,2005) uses aggregated data derived from firm-based surveys that 

appear in publications by the US Bureau of Labour Statistics. 

 

15. While the industrial categorization scheme in the LFS is the 2002 version of the 

NAICS, this has no bearing on our estimation, because there is no discrepancy between 

the two categorization schemes at the 2-digit level. 

 

16. It is not appropriate to apply the longitudinal weights, as they are designed to make 

the sample in any given year of the panel representative of the target population at the 

beginning of the panel – before any labour demand shock and subsequent adjustment to 

wages has occurred. 

 

17. As a robustness test, we do carry out the estimation based on the following weighting 

scheme.  Starting from the cross-sectional weights for each subject, we calculated the 

average weight for each individual over the several years that they appear in the SLID 

file.  These weights are thus constant over time, which satisfies a property that is suitable 

for fixed-effects estimation.  The second stage regression results were fairly robust to this 

change, but there were some exceptions. 

 

18. This is in contrast to the case of the PSID, in which job changes are not observed, and 

firm changes have to be inferred from firm tenure data. 
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19. Although the SLID does provide two separate identifiers for the person-job (‘jobid’) 

and for the person-firm (‘empyerid’), they are virtually identical statistically, and thus 

one cannot identify any job switching (e.g.  promotions) within a firm. 

 

20. The context of their work is the variation in the minimum wage over time, and they 

are interested in responses in employment over the short-run versus the long-run 

horizons.  Their equation No. 2 applies lag operators that filter data for the wage 

(expressed in levels) into a high frequency component and a low frequency one. 

 

21. In order to see if our results are consistent with conventional earnings functions, we 

estimated very parsimonious, conventional, linear specifications (including squared 

terms) of earnings functions without any interaction terms, and the signs of the estimated 

coefficients of the education and experience variables that we obtained were as expected. 

 

22. According to the results listed in Devereux (2005), the responsiveness parameter 

when fixed effects for worker-industry are included is lower among men during the 

1990s (relative to the case with fixed effects for individuals), but among women the 

opposite pattern applies.   He does not appear to comment on this finding. 

 

23. According to the results listed in Devereux (2002), the responsiveness parameter 

when fixed effects for worker-firm are included is lower among men during the 1980s 

(relative to the case with fixed effects for workers), but among women they are nearly 

equal in magnitude. 
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Table 1 Description of Industrial Codes Extracted from the SLID 
 

Number Description  

01 
02 
03 
04 
05 
06 
07 
08 
09 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 

Agriculture 
Forestry and Logging with Support Activities 
Fishing, Hunting, and Trapping 
Mining and Oil and Gas Extraction 
Utilities 
Construction 
Durables 
Non-Durables 
Wholesale Trade 
Retail Trade 
Transportation and Warehousing 
Finance and Insurance 
Real Estate and Leasing 
Professional, Scientific, and Technical Services 
Management, Administrative, and Other Support 
Educational Services 
Health Care and Social Assistance 
Information, Culture, and Recreation 
Accommodation and Food Services 
Other Services 
Public Administration 

 

Note:  The numbers that are listed in the table above are the coding scheme that 
appears in the documentation of the SLID file.  The groupings utilized in the SLID file 
are based on the North American Industry Classification System (NAICS) from 1997.   
There is a concordance between those two schemes at the level of 105 industries and at 
the more aggregated level of 21 major groups.  That is the level that we employ in this 
study.   The concordance is listed at the following URL:   
http://www.statcan.gc.ca/pub/75f0026x/2008000/5203342-eng.htm#nic2g10 
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Table 2a 

Effects of Industry Employment Changes on Industry Wages of Men 

 
Notes:  Prob. values are listed in brackets. Each value presented in this table comes from 
a different regression equation relating wages to employment shocks (variations of 
equations no. 2 and 3).  Each estimate reported is a coefficient of log employment on log 
wages.  **significant at 5 % level * significant at 10 % level 

 1993-1998 Panel (Panel 1) 1996- 2001 Panel (Panel 2) 
Long differences 
 
Individual characteristics 
 
Fixed-effect worker 
 
Fixed-effect worker-industry   
 
Fixed-effect worker-job  
 

 
 
0.0714 
[0.12] 
0.119 
[0.13] 
0.201 
[0.12] 
-0.0115 
[0.099] 
 

 
 
-0.00572 
[0.092] 
0.167* 
[0.090] 
0.179* 
[0.091] 
0.0387 
[0.11] 
 

GLS – employment data 
not smoothed 
 
Individual characteristics 
 
Fixed-effect worker 
 
Fixed-effect worker-industry  
 
Fixed-effect worker-job 
 

 
 
 
0.0397 
[0.043] 
0.0674* 
[0.039] 
0.104*** 
[0.035] 
0.150*** 
[0.038] 

 
 
 
-0.028 
[0.045] 
0.146*** 
[0.032] 
0.0970*** 
[0.030] 
0.0164 
[0.032]  

GLS – employment data 
smoothed  
 
Individual characteristics 
 
Fixed-effect worker 
 
Fixed-effect worker-industry  
 
Fixed-effect worker-job 
 

 
 
 
0.077 
[0.049] 
0.129*** 
[0.049] 
0.190*** 
[0.049] 
0.155*** 
[0.045]  

 
 
 
0.0172 
[0.054] 
0.232*** 
[0.034] 
0.186*** 
[0.032] 
0.0324 
[0.039]  
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                                                     Table 2b 
Effects of Industry Employment Changes on Industry Wages of Women 

 

 
 
Notes:  Prob. values are listed in brackets. Each value presented in this table comes from 
a different regression equation relating wages to employment shocks (variations of 
equations no. 2 and 3).  Each estimate reported is a coefficient of log employment on log 
wages.  **significant at 5 % level * significant at 10 % level 
 

 1993-1998 Panel (Panel 1) 1996- 2001 Panel (Panel 2) 
Long differences 
 
Individual characteristics 
 
Fixed-effect worker 
 
Fixed-effect worker-industry  
 
Fixed-effect worker-job  
 

 
 
0.0248 
[0.17] 
0.292** 
[0.12] 
0.157 
[0.13] 
0.171 
[0.13] 
 

 
 
-0.0853 
[0.13] 
0.226** 
[0.11] 
0.286** 
[0.11] 
0.0947 
[0.070] 
 

GLS – employment data not 
smoothed 
 
Individual characteristics 
 
Fixed-effect worker 
 
Fixed-effect worker-industry 
 
Fixed-effect worker-job 
 

 
 
 
0.118*** 
[0.045] 
0.192*** 
[0.044] 
0.147*** 
[0.046] 
0.175*** 
[0.039] 
 

 
 
 
0.0238 
[0.048] 
0.161*** 
[0.024] 
0.148*** 
[0.036] 
0.0655** 
[0.031] 
 

GLS – employment data 
smoothed  
 
Individual characteristics 
 
Fixed-effect worker 
 
Fixed-effect worker-industry 
 
Fixed-effect worker-job 
 

 
 
 
0.101** 
[0.051] 
0.223*** 
[0.050] 
0.170*** 
[0.053] 
0.181*** 
[0.042]  

 
 
 
-0.0039 
[0.056] 
0.171*** 
[0.033] 
0.173*** 
[0.042] 
0.0700* 
[0.038]  



Figure 1 Wage Premium Vs. Employment Changes, 1996-2001 Panel, Men 
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B. Individual Fixed-effect
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C. Individual-industry Fixed-effect
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Figures 2 Wage Premium Vs. Employment Changes, 1996-2001 Panel, Women 
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B. Individual Fixed-effect

 

1

2

3

4
5

6

7

8

910

11

12
13

14

15

16

17
18

19

20

21

-.2
-.1

0
.1

W
ag

e 
P
re

m
ia

-.2 0 .2 .4
Change in Employment

C. Individual-industry Fixed-effect
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Note:  In Figure 1 and 2, the data points correspond to the samples that are employed to estimate the long-difference equations.   
The % change in the real wage and the % change in the employment level are calculated between the endpoints of the 1996-2001 
panel.    


