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Abstract  

We estimate the earnings losses of a cohort of workers displaced during the Great Recession and 
decompose those long-term losses into components attributable to fewer work hours and to 
reduced hourly wage rates. We also examine the extent to which the reduced earnings, work 
hours, and wages of these displaced workers can be attributed to factors specific to pre- and post-
displacement employers; that is, to lost employer-specific rents. The analysis is based on 
employer-employee linked panel data from Washington State assembled from 2002–2014 
administrative wage and unemployment insurance records.  

Three main findings emerge from the empirical work. First, five years after job loss, the earnings 
of these displaced workers were 17–21 percent less than those of plausible comparison groups of 
non-displaced workers. Second, earnings losses within a year of displacement can be explained 
almost entirely by lost work hours; however, five years after displacement, 50–60 percent of the 
relative earnings deficit of displaced workers can be attributed to reduced work hours. The 
remaining 40–50 percent is due to lower hourly wage rates earned by these workers. Third, time-
invariant characteristics of the employers who rehire displaced workers appear to account for 
nearly one-third of the long-term earnings losses and lower hourly wage rates of these workers. 
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1 Introduction  

Permanent job loss and its consequences have been of growing concern since the early 1980s, 

when it became clear that the importance of temporary layoff unemployment was declining 

relative to permanent separations (Bednarzik 1983; Kletzer 1998). The share of all unemployed 

who are permanent job losers increased from about 30 percent in the 1970s, to about 35 percent 

during 1980–2000, and has exceeded 40 percent since 2005. Concurrently, the median duration 

of unemployment, which was 7–8 weeks during 1980–2000, roughly doubled to 14–16 weeks 

during 2009–2015.5 

These dramatic increases in permanent job loss and long-term unemployment are 

alarming and pose serious challenges for labor market policy. Research has documented the 

long-lasting consequences of permanent job loss on many aspects of well-being, including lower 

household expenditure (Stephens 2001), poorer health (Schaller and Stevens 2015), lower 

happiness (Kalil and DeLeire 2013), higher mortality (Sullivan and von Wachter 2009), and 

adverse effects on children affected by parental job loss (Oreopoulos, Page, and Stevens 2008; 

Stevens and Schaller 2011). Perhaps the most direct and significant effect of job displacement, 

however, is a large and long-lasting loss of earnings (for example, Topel 1990; Jacobson, 

LaLonde, and Sullivan 1993a and 1999b; Farber 1993, 1997, 2004, 2015; Fallick 1996; Stevens 

1997; von Wachter, Song, and Manchester 2009; Couch and Placzek 2010; Davis and von 

Wachter 2012).  

Although it is clear that the earnings losses suffered by displaced workers are large and 

long-lasting, relatively little is known about the sources of these losses, and hence how they 

                                                
5 These are 10-years centered moving averages, calculated from Current Population Survey estimates. See BLS 
series LNU03026511 (Job losers not on layoff as a percent of total unemployed) and LNU03008276 (Median weeks 
unemployed). 
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might be reduced. Two questions in particular can be usefully addressed. First, do the earnings 

losses of displaced workers result mainly from fewer hours of work (that is, less labor supplied 

or demanded) or from lower hourly wage rates (that is, a lower price of labor, or value attached 

to a worker’s skills after displacement)? Second, to what extent do displaced workers’ earnings 

losses stem from lost firm-specific rents or firm-specific human capital? That is, are displaced 

workers separating from high-wage employers and finding reemployment with lower-wage 

employers?  

 We address these questions using administrative records from the unemployment 

insurance (UI) system of Washington State, with three broader aims in mind. A first aim is to 

estimate the long-term earnings losses of workers displaced during the Great Recession using UI 

administrative wage records. Farber (2015) has examined the costs of job loss during the Great 

Recession using the Bureau of Labor Statistics (BLS) Displaced Workers Survey, but estimates 

for the Great Recession comparable to those produced with UI administrative data by Jacobson, 

LaLonde, and Sullivan (1993a) for Pennsylvania during 1974–1986 and by Couch and Placzek 

(2010) for Connecticut during 1993–2004 do not yet exist.6 Administrative data have a number 

of advantages over survey data—including large samples, coverage of a longer time period, and 

elimination of recall bias—but they are difficult to acquire and hence underutilized. Using new 

and recent sources of administrative data is a promising way to further the understanding of the 

costs of displacement and how they may change over time.  

A second aim is to study the sources of earnings losses of displaced workers along the 

two dimensions outlined above—lost work hours versus lower hourly wage rates, and lost firm-

                                                
6 Abraham et al. (2016) use the 2003–10 Current Population Survey (CPS) merged with Longitudinal Employer–
Household Dynamics (LEHD) data to estimate earning losses of workers unemployed during the Great Recession 
for any reason, for different durations. Because they do not focus on the cause of unemployment, their estimates are 
difficult to compare with those of Jacobson, LaLonde, and Sullivan (1993a) or Couch and Placzek (2010).  
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specific rents and firm-specific human capital versus other factors. Understanding these sources 

of displaced workers’ lost earnings is important for both conceptual reasons and from the 

standpoint of policy. Topel (1990, p. 183) noted the importance of distinguishing between lost 

hours and reduced wage rates in order to understand whether displaced workers’ earnings losses 

arise partly from reduced labor supply. Farber (1993, p. 104) has emphasized that most displaced 

workers do find new employment, so the quality of the jobs found—most importantly, the hours 

worked and hourly wages—are central attributes to consider.  

Topel (1990) also pointed to the importance of lost firm-specific human capital as a 

source of displaced workers’ lost earnings. Neal (1995) emphasized lost industry-specific human 

capital and slack employer demand for the skills of displaced workers, whereas Krueger and 

Summers (1998) and Abowd, Kramarz, and Margolis (AKM, 1999) suggest the importance of 

lost firm-specific or industry-specific rents, and Lazear (1981) suggests the importance of 

premature termination of a delayed-payment incentive contract. The available universe of 

Washington State data gives us the opportunity to make headway in understanding these firm- 

and industry-specific effects by using the AKM approach to decompose the earnings losses of 

displaced workers into employer-specific and worker-specific components.  

A third aim is an extension of the second—to study the differences among the time-paths 

of displaced workers’ reduced earnings, work hours, and wage rates. These separate time-

profiles allow us to observe the “catch-up dynamics” (von Wachter 2010) of displaced workers 

in three dimensions—earnings, hours, and wage rates. The three in combination are important 

both to understanding the sources of displaced workers’ earnings losses and to thinking about 

policies to assist displaced workers. If earnings losses are primarily explained by lower wages—

perhaps due to lower productivity resulting from a loss of firm-specific or industry-specific 
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human capital—then job training programs may be an effective way of assisting displaced 

workers. However, if earnings losses result mainly from lost firm-specific rents, rather than lost 

firm-specific human capital, it is unclear that job-specific training will be effective. On the other 

hand, if earnings losses are primarily explained by reduced work hours—occurring perhaps from 

involuntary part-time work due to slack demand—then reemployment programs such as wage 

subsidies may be effective, as Jacobson, LaLonde, and Sullivan (1993b, chapter 7) suggest. 

The main findings are the following. First, five years after job loss, the earnings of these 

displaced workers were 17–21 percent less than they would have been if they had continued to 

be employed. Second, earnings losses in the first year of displacement are explained almost 

entirely by the loss of employment and fewer hours worked. But the picture changes 

substantially over time. Five years after displacement, about 95 percent of workers had found 

employment, and 40–50 percent of the earnings losses of these workers are due to lower hourly 

wages than before displacement.  

Third, the choice of comparison group matters greatly to the estimated sizes of earnings 

and hours losses due to displacement. Using a comparison group of non-displaced workers not 

necessarily employed continuously with the same employer, the estimated losses of earnings and 

hours at the time of displacement are somewhat smaller (by about 15 percent) than those 

estimated using the baseline comparison group, although they remain large. However, the 

estimated earnings and hours losses five years after displacement are substantially less: earnings 

losses are roughly 5–9 percent (in contrast to 17–21 percent using the baseline comparison 

group) and hours losses are about 3–6 percent (in contrast to 8–14 percent using the baseline 

comparison group). Using the alternative comparison group, then, we still infer that displaced 
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workers’ earnings and hours do not wholly recover in the long term, but the estimated long-term 

losses are substantially less.  

Finally, consistent with the growing literature on firm-specific earnings differentials (e.g., 

Abowd, Kramarz, and Margolis 1999; Card, Heining, and Kline 2013; Card, Cardoso, and Kline 

2016; Sorkin 2016), we find that time-invariant employer characteristics are a significant factor 

in explaining displaced workers earnings’ losses. Specifically, the estimates suggest that in the 

long run, employer characteristics account for about 30 percent of the lost earnings, 20 percent of 

the lost work hours, and one-third of lower wage rates experienced long-term by displaced 

workers. We conclude that employer-specific factors are an important source of the worse 

employment outcomes of displaced workers.  

The remainder of the paper is organized as follows. Section 2 describes the data, and 

section 3 describes the empirical strategy, which starts with JLS’s seminal work and then 

combines it with the AKM model. Section 4 presents the main results on earnings losses and 

their decomposition into effects due to lost work hours and lower hourly wage rates. Section 5 

examines the estimated employer-specific effects. The final section concludes.  
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2 Data  
 
The data come from the records used to administer the State of Washington’s UI system. 

Specifically, we use two types of data from the Washington Employment Security Department: 

(1) the quarterly wage records of all UI-covered employers in Washington from 2002:I through 

2014:IV and (2) the records of all individuals who claimed UI in Washington at any time during 

the same period.  

The administrative wage records of most states include only a worker’s quarterly 

earnings by employer; however, UI-covered employers in Washington are required to report 

each worker’s quarterly hours of work in addition to the quarterly earnings of each employee.7 

Hence, a record appears for each quarter-worker-employer combination that includes 

information on the worker’s earnings and work hours during the quarter with the specified 

employer. This is a unique advantage of the Washington administrative data, and it allows us to 

construct hourly wage rates of most workers in Washington’s formal labor market.8  

About 50 percent of the workers who we count as displaced during 2008–2010 claimed 

UI benefits at some time during 2002–2014. These workers are of special interest for two 

reasons. First, displaced workers who use the UI system can be targeted with employment 

services, job training programs, and reemployment subsidies. Second, the UI claims records 

include information on the UI claim(s) (reason for job loss, weekly benefit amount, benefits 

received, and duration of insured unemployment) as well as individual characteristics such as 

age, race, sex, and education. Accordingly, we make extensive use of the subsample of displaced 

                                                
7 Washington is the only state that uses hours worked in the year before claiming UI to determine UI eligibility. Our 
examination of the hours data starting in 2001 suggests they are reliable and of high quality. For further discussion 
of Washington’s UI system, see Lachowska, Meral, and Woodbury (2016). 
8 Wage records also include data on the size and industry of the employer, and allow construction of variables on job 
tenure and multiple job holding of workers. 
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workers who claimed UI.  

The data have three shortcomings common to UI administrative records: they are 

restricted to a single state; demographic characteristics are available for only a subsample of the 

data; and information on workers who left Washington after displacement are not available.9 

Nevertheless, the advantages of administrative data—information on the earnings and work 

hours of virtually all workers in Washington over a period of 13 years, information on all UI-

covered employers in the state, and extensive data on the characteristics of the 50 percent of 

workers who claimed UI—are substantial.  

 

2.1 Construction of the displaced worker dataset and of the treatment and comparison groups 

We follow Jacobson, LaLonde, and Sullivan (JLS) (1993a) and Couch and Placzek (CP) (2010) 

in focusing on high-tenure workers, defined as workers with at least six years of tenure with the 

same primary employer between 2002–2007 (24 consecutive quarters).10 Specifically, we require 

that all workers in the sample (both displaced and non-displaced) have positive earnings or hours 

with the same primary employer in all quarters from 2002:I–2007:IV.  

 We define a worker as displaced if, at any point in 2008–2010, a high-tenure worker 

separated from her primary employer within four quarters (before or after) that employer had a 

mass layoff (as defined next). A worker’s displacement is dated to the quarter of the separation 

(not the quarter of the mass layoff). We drop all workers who did not separate in connection with 

                                                
9 As described below, this last issue can be avoided by requiring both the displaced workers and non-displaced 
comparison group to have at least one quarter of positive earnings or hours in each year starting in 2008.  
10 The primary employer is the employer from whom the worker had the largest share of earnings in a given quarter. 
In future work, we plan to check the sensitivity of the estimates to different definitions of “long-tenure”—for 
example, requiring only three years of previous employment, rather than six. 
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a mass layoff because, for these workers, the decision to separate is more likely to have been 

endogenous.  

 Following Davis and von Wachter (2012), an employer is scored as having a mass layoff 

in a quarter in which that employer meets the following two conditions.11 First, during 2008–

2010, employment must drop by 30 percent or more compared with the quarter of 2007 in which 

employment was greatest. Second, the employer’s maximum employment in 2007 must be less 

than 130 percent of that employer’s maximum employment in 2006. The second condition helps 

to avoid classifying employers in steady decline as employers who experience a mass layoff.  

 Because this definition of mass layoff hinges on percentage changes in a firm’s 

employment, small employers may be scored as having a mass layoff with only a small absolute 

change in employment. Accordingly, we drop from the entire analysis sample any employer (and 

by implication, any worker associated with that employer) whose employment dropped below 50 

workers in any quarter during 2001–2006.  

 We construct two different comparison groups of non-displaced workers. The first (used 

by JLS and CP) consists of high-tenure workers (six years of tenure with the same primary 

employer between 2002–2007) who were not displaced and who continued to have positive 

earnings or hours with the same primary employer in every quarter from 2008:I through 

2014:IV. The “thought experiment” in this case is to compare the outcomes of high-tenure 

displaced workers with a group of high-tenure non-displaced workers who remain employed 

with the same employer throughout the observation window. Because this comparison group is 

                                                
11 Alternative definitions of displacement are possible. Following Jacobson, LaLonde, and Sullivan (1993), many 
researchers have defined a mass layoff as a drop of 30 percent or more in an firm’s employment relative to a pre-
recession benchmark. To examine whether this definition may result in misclassification bias, we plan to explore 
alternative definitions as well. For example, the BLS Mass Layoff Statistics program (which ended in 2013) focused 
on workers laid off by employers who had 50 or more new UI claims charged against their accounts in a five-week 
period. The UI claims data available will allow us to implement such a definition of displacement.  
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(positively) selected on continuous positive earnings or work hours in the future, it is likely to 

result in an overstatement of the losses associated with displacement.  

 The second definition of a comparison group drops the requirement that non-displaced 

workers remain continuously employed with the same employer in every quarter from 2008:I 

through 2014:IV. That is, the outcomes of high-tenure displaced workers are compared with a 

group of high-tenure workers who did not separate from their primary employer in the same 

quarter, but who may separate or be displaced in the future. Because this comparison group 

defined without conditioning on continuous future positive earnings or hours, estimated earnings 

losses are expected to be smaller than those estimated using the first comparison group. 

Krolikowski (2016) discusses the choice of a comparison group for displaced workers in greater 

detail.  

 Finally, again following JLS and CP, for all quarters starting with 2008:I, we require all 

workers (both displaced and non-displaced) to have at least one quarter per calendar year with 

positive earnings or hours to remain in the sample. This helps to ensure that the workers in the 

sample remain attached to the labor force in Washington.12 

 

2.2 Defining outcome variables in the displaced worker dataset 

Research using administrative wage records generally focuses on earnings from the primary 

employer in each quarter. However, because a worker can have multiple records in a given 

                                                
12 This is because workers who drop out of the labor force, become self-employed, work in the underground 
economy, or move out of state will not appear in the UI wage records. In some of these cases, a worker will have 
earnings, but those earnings will not be recorded in the UI wage records of Washington State. (Self-employed 
workers are not covered by UI, underground earnings are not reported, and out-of-state earnings will be picked up in 
the wage records of another state.) 
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quarter if she works for more than one employer in that quarter, we can paint a more complete 

picture of employment outcomes by using data on earnings and hours from all employers.  

 The availability of quarterly data on hours worked and earnings makes it possible to 

construct hourly wage rates in quarter t by dividing earnings in quarter t by hours worked in 

quarter t. We can construct two measures of hourly wages. The first is the hourly wage rate 

computed by dividing earnings from the primary employer by hours worked for the primary 

employer. The second is computed by dividing earnings from all employers in that quarter by all 

hours worked.13 

 

2.3 Employer and worker characteristics in the displaced worker dataset 

Key employer characteristics available in UI wage records include the four-digit North American 

Industry Classification System (NAICS) code, number of employees in each quarter, and 

quarterly payroll. The latter two characteristics can be calculated because we observe the 

universe of UI-covered employers and workers.  

 A limitation of UI wage records is that they usually do not include demographic 

characteristics. Rather, states typically record worker characteristics only when a worker claims 

UI benefits or receives employment services. For that reason, we know worker characteristics—

                                                
13 All earnings are converted to 2010 dollars using the Consumer Price Index for All Urban Consumers (CPI-U). To 
deal with outliers, we winsorize positive earnings at the 99th percentile (about $69,000 per quarter). For work hours, 
we set values equal to “9999” to missing. Further, we assume reported hours greater than 999 per quarter are coding 
errors and instead keep the first three digits of each value; this change affects about 0.5 percent of the sample. 
Whenever we observe a worker with positive earnings but zero hours in a quarter t, we correct as follows: provided 
the primary employer is the same in quarter t–1, t, and t+1 and there are positive earnings and positive hours in t–1 
and t+1, we compute an hourly wage rate for t–1 and t+1 and impute hours in t using a simple average of the wage 
rates in t–1 and t+1; this change affects about 0.2 percent of the sample. The Washington Employment Security 
Department lists several reasons for reporting positive earnings and zero hours: back pay, bonuses, commissions, 
cafeteria and 401k plans, royalties and residuals, severance and separation pay, settlements, sick leave, and tips and 
gratuities (see https://esd.wa.gov/employer-taxes/zero-hour-reports). Finally, we winsorize hours at the 99th 
percentile (about 780–800 hours per quarter) and winsorize wage rates at the 99 percentile (about $140 per hour); 
these changes affect about 0.01 percent of the sample.  
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age, gender, race, education—for only the subset of workers who claimed UI benefits at some 

point during 2002–2014. For gender and race, we assign an indicator with a constant value 

throughout the 13 years of data. We assign the age of a worker in each year based on the 

worker’s age in the year he or she is observed. For education, which may vary over time, we 

assign a constant level if we observe the worker once; however, if we observe the worker more 

than once (that is, if he or she claimed UI more than once), we assign the first observed value of 

education for all quarters until the quarter where we observe a change.  

 

2.4 Summary statistics in the displaced worker dataset 

Table 1 displays descriptive statistics of the key variables. Panel A shows means and standard 

deviations of worker demographics: gender, race, age, and reported level of schooling. Panel B 

shows means and standard deviations of quarterly average earnings and work hours for 2002–

2005 (we omit 2006 and 2007 to avoid including lower earnings and work hours that may occur 

due to “Ashenfelter’s dips” occurring before displacement). Panel C shows employer 

characteristics: one-digit industry and employer size in the last pre-displacement quarter, 

2007:IV.  

Columns 1–3, show summary statistics for the sample for which we have demographic 

information. Columns 4–6 show the available summary statistics for the full sample of workers. 

The data include demographic information on 4,632 displaced workers (50 percent of all 

displaced workers), 18,964 non-displaced workers using the JLS-CP definition (7.4 percent of all 

non-displaced workers under the JLS-CP definition), and 27,627 non-displaced workers using 

Krolikowski’s definition (9.7 percent of all non-displaced workers under Krolikowski’s 

definition). The match rate is lower for non-displaced workers using the JLS-CP definition of 
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displacement because that definition requires non-displaced workers to be continuously 

employed throughout the observation window. We observe the characteristics of these workers 

because they were temporarily laid off or received short-time compensation.  

Panel A of Table 1 shows that the sample fits the standard profile of displaced workers: 

70 percent male, 80 percent white, 45 percent with a high school education and another 17.5 

percent with some college or an associate degree, and on average about 46 years old. 

Panels B and C of Table 1 show that the sample of displaced workers tended to work for 

smaller employers than did non-displaced workers (apparently because of the way a mass layoff 

is defined). The average quarterly pre-displacement earnings and work hours of displaced 

workers are higher than average quarterly pre-displacement earnings and work hours of non-

displaced workers.  

Panel C of Table 1 shows that almost 84 percent of displaced workers worked in 

manufacturing (27 percent), trade (15 percent), and information, finance, insurance, real estate, 

or professional services (43 percent). Hence, the composition of displaced workers in the 

Washington data differs substantially from the composition of workers examined by JLS, 75 

percent of whose sample was employed in manufacturing, 8.5 percent in trade, and 6 percent in 

finance, insurance, real estate, or professional services. As a robustness check, in section 4.6 we 

conduct an analysis restricting our sample to include only workers displaced from 

manufacturing.  

Although the composition of the Washington sample differs from that studied by JLS, it 

is similar to the more recent data analyzed by CP: about 16 percent of CP’s Connecticut sample 

were employed in manufacturing, about 19 percent in trade, and about 23 percent in finance, 

insurance, real estate, or professional services.  
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Figure 1 displays the number of displaced workers in the analysis samples, by year and 

quarter. The light blue bars show the number of displaced workers in the full Washington 

sample, and the dark blue bars show the number of displaced workers for whom we have 

demographic information. To check the Washington analysis sample against BLS statistics on 

mass layoffs, Figure 2 shows the quarterly number of initial UI claimants who separated in 

connection with a mass layoff in Washington between 2008 and 2010 (not seasonally adjusted). 

Figures 1 and 2 show similar patterns, with spikes in the last quarter of 2008. Figure 2, however, 

shows a far greater number of mass layoffs than Figure 1 shows for displaced workers. This is 

because the BLS mass layoff statistics include all workers who separate in a mass layoff event, 

whereas the Washington analysis sample is restricted to high-tenure workers and uses a more 

restrictive definition of mass layoff.14 (Like JLS and CP, we define mass layoff in relation to a 

pre-displacement baseline period.)  

  

                                                
14 BLS monthly mass layoff statistics are from establishments with at least 50 initial claims for UI filed within a 5-
week period (http://www.bls.gov/mls/, last accessed September 13, 2016). Figure 2 uses quarterly totals of these 
monthly figures.  
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3 Estimation methods 

This section begins with a description of methods used to estimate the effects of displacement on 

earnings. We next discuss the decomposition of earnings losses into components due to lower 

work hours and hourly wage rates. We then describe our use of AKM methods to estimate the 

importance of fixed employer characteristics in displaced workers’ earnings losses.   

 

3.1 Estimation of the effects of displacement 

To estimate displaced workers’ earnings losses, we apply the multi-period “difference-in-

differences” estimator from JLS that compares the employment outcomes of displaced workers 

before, during, and after displacement with observationally similar high-tenure workers who 

were not displaced. The effect of displacement can be obtained by estimating a worker fixed-

effects model of the following form: 

 Yit =  αi + γt+ Zitθ + Xijtβ + δk·Ditk24
k = –20 + eit     (1) 

where Y is an employment outcome (earnings, work hours, or wage rate) of worker i in quarter t;  

αi is a worker-specific fixed effect; γt is a vector of quarterly indicators; the vector Zit includes 

worker’s age and age squared, a vector of gender, race, and education indicators, interacted with 

the worker’s age, an average of pre-displacement (2002–05) earnings with the primary employer, 

and an average of pre-displacement hours with the primary employer, both interacted with a 

vector of yearly indicators; and Xijt  consists of the characteristics of worker i’s pre-layoff 

employer j (logarithm of employer size and one-digit NAICS code in 2007:IV interacted with a 

vector of yearly indicators). Each Ditk is an indicator equal to one if the worker is observed in 
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quarter k since her displacement, and zero otherwise.15 Because we cannot assume the regression 

error term eit is independent over time, we cluster standard errors at the individual worker level.  

 We are interested mainly in the estimates of δk , which are regression-adjusted differences 

in outcomes between displaced and non-displaced workers before (if k < 0), during (if k = 0), and 

after (if k > 0) the quarter of displacement. In order to interpret the δk-coefficients as causal 

effects of displacement, we need to assume that, in a counterfactual world without displacement, 

the time-profile of displaced workers’ employment outcomes would have remained parallel to 

the time-profile of non-displaced workers’ outcomes. Figure 3 shows the parallel-trends 

assumption in a stylized graph of the earnings profiles of displaced and non-displaced workers. 

More than two years before displacement (in region 1), there is a constant gap between the 

earnings of workers who will be displaced and those who will be stably employed by the same 

employer. By differencing away this parallel pre-displacement gap, we can interpret post-

displacement differences in outcomes as the effect of displacement. In practice, if we observe 

negative estimated δks after displacement, but not in the years preceding displacement (excluding 

region 2, which shows Ashenfelter’s dip), we take this as evidence of a displacement effect.  

 As a further robustness check of the parallel-trends assumption, we estimate a version of 

the worker fixed-effects difference-in-differences model with worker-specific trends (a “random 

trend” model): 

 Yit =  αi + ωit + γt+ δk·Ditk24
k = –20 + eit ,      (2) 

where, αi is a worker-specific fixed effect, ωit is a worker-specific trend, γt is a vector of 

quarterly indicators, and t = 1, 2, 3, …14.16,17  

                                                
15 The omitted reference category consists of non-displaced workers and all observations recorded 20 quarters before 
the displacement (k < –20); hence, we limit the analysis sample to observations recorded between –20 and 24 
quarters relative to the displacement quarter.  
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3.2 Decomposition of earnings losses into fewer hours worked and lower hourly wage rate 

To decompose earnings losses into effects due to reduced work hours and to lower hourly wage 

rates, we plot the estimated time-profiles of earnings and of work hours for each phase of the 

displacement process: the dip before mass layoff, the drop at the time of layoff, the recovery 

after reemployment, and the permanent earnings deficit. Earnings are the product of work hours 

and hourly wage rates, so these first two time-profiles imply a time-profile of hourly wage rate 

that can be backed out as a residual. As a check on this procedure, we also obtain a direct 

measure of the earnings losses from reduced hourly wage rates by estimating models like 

equation (1) for hourly wage rates both in levels and in logs, recognizing that these estimates 

condition on a positive outcome. 

 We estimate earnings and work-hour profiles using three variants of each outcome. We 

begin by estimating models for earnings and work hours in levels (unconditional on employment 

and hence including zero values). Second, we transform earnings and work hours using the 

inverse-hyperbolic sine function (IHS) (Burbridge, Magee, and Robb 1988; MacKinnon and 

Magee 1990; Pence 2006; Abraham et al. 2016). The IHS transformation of a variable y equals 

log(y + y2 + 1 ), and the approximation 100•(exp(δk) – 1)/2 gives the estimated displacement 

                                                                                                                                                       
16 In practice, we de-mean all variables in equation (2) by calculating deviations from worker-specific means for 
each variable. To calculate the δk-coefficients, we estimate a fixed-effects model using these de-meaned variables; 
see Wooldridge (2002, pp. 315–317).  
17 As mentioned previously, a potential downside of using UI wage records is that they include demographic 
characteristics only for a subset of workers. As a robustness check, we conduct a separate analysis on all workers. 
Formally, we estimate a version of equation (1) given by equation (3): 

 Yit =  αi + γt+ !itθ + Xijtβ + δk·Ditk24
k = –20 + eit,      (3) 

where, as in equation (1), Xijt consists of the characteristics of worker i’s pre-layoff employer j, while !it is a vector 
consisting of an average of pre-displacement (2002–05) earnings with the primary employer and an average of pre-
displacement hours with the primary employer, both interacted with a vector of yearly indicators. 
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effect after k periods in percentage terms.18 The IHS transformation allows interpretation of the 

δk-coefficients as approximate percentage differences without having to omit zero values of the 

outcome variable. Accordingly, the models estimated in levels and using the IHS transformation 

are our preferred specifications. Third, we estimate models for earnings and work hours in 

logarithms (conditional on employment). 

 

3.3 Employer-specific factors 

A growing body of research has examined the importance of employers in the determination of 

earnings (e.g., Abowd, Kramarz, and Margolis 1999, Card, Heining, and Kline 2013, Card, 

Cardoso, and Kline 2016, Sorkin 2016). In general, this line of research has shown that “where 

you work” is important to “what you earn.” The availability of the universe of employer and 

employee records in the Washington data allows us to estimate the extent to which the earnings, 

hours, and wage rate gaps of displaced workers are due to working for “lower quality” employers 

post-displacement. To do this, we create a linked employer-employee panel from the Washington 

administrative records and estimate a standard AKM model.  

 Specifically, we estimate the following model: 

 logYijt = αi + ψijt + γt + uit ,        (4) 

where Y is an employment outcome (earnings, work hours, or the wage rate) of worker i in year 

t; αi is a worker-specific fixed effect (reflecting the productive characteristics of the worker that 

can be transferred between employers); ψijt is an employer-specific fixed effect (reflecting 

                                                
18 To see this, consider the model, IHS(y) = α + βD + u, where D is an indicator variable and u is the regression error 
term. Note that exp(log(y + y2 + 1 ))  = y + y2 + 1  = exp(α + βD + u). Denote y + y2 + 1  by  y. It follows that if 
D changes from 0 to 1, the proportional effect of this change on ! equals exp(β) – 1. However, for large values of y, 
y  ≈ 2y. Hence, the proportional effect of a change in D on y is approximately equal to (exp(β) – 1)/2. 
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employer characteristics that result in above- or below-average earnings, work-hours, or wage-

rates for all workers at employer j); γt is a vector of year indicators; and uit is the error term.19 

 We estimate equation (4) separately for each of the three outcome variables: earnings, 

work hours, and hourly wages outcome. This results in three vectors of estimated employer fixed 

effects, ψijt: one each for log earnings, log of work hours, and log of wage rates (all necessarily 

conditional on employment). Because the employer fixed effect ψijt can be interpreted as a 

measure of employer “quality,” it is the main parameter of interest in equation (4).  

 To identify ψijt, we apply CHK’s algorithm for estimating the AKM model, which is 

based on Abowd, Creecy, and Kramarz (2002).20 The employer effects in equation (4) are 

identified only within a set of employers that are linked by worker transitions between those 

employers—a “connected set.” We restrict our analysis to the largest connected set of firms, 

which consists of about 75 percent of the employers in Washington and about 99 percent of all 

workers. [These percentages are similar to those obtained by Sorkin (2016) using the U.S. LEHD 

data for 2000–08. Appendix B includes further discussion of the data used to estimate the AKM 

model.]  

 Again, we view the estimates of employer fixed effects, ψijt, as additional outcomes of 

the displacement process. The question is whether a displaced worker becomes reemployed with 

an employer with a greater or smaller ψijt (for earnings, work hours, and wage rates) than the 

employer from which she was displaced. To accomplish this, we match the appropriate ψijt (for 

                                                
19 To speed up the computation, we estimate equation (4) using annualized data; see Appendix B. Note that because 
we do not have demographic information for most of the workers in the AKM dataset, we do not control for 
demographic information in equation (4). As we show in Appendix B, our decompositions of the variance of 
earnings is very similar to that obtain by Sorkin (2016) who uses the U.S. LEHD data for 2000–08.  
20 CHK’s algorithm, coded using MatLab, uses tools from graph theory to find the largest connected set, then 
estimates the fixed effects by solving the normal equations numerically—incomplete Cholesky factorization with 
preconditioned conjugate gradient, which is good for situations where the matrix is large but sparse. We have used 
an adapted version of the MatLab code available on Patrick Kline’s website.  
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employer j) to each worker-quarter observation in the displaced worker dataset. We obtain a 

match for all workers in the displaced worker dataset and for 97.3 percent of employers 

(4,813/4,948) in the displaced worker dataset.21  

 The resulting model to be estimated is similar to equation (1): 

 ψijt  =  αi + γt+ Zitθ + Xijtβ + δk·Ditk24
k = –20 + eit.     (5) 

The δk-coefficients in equation (5) are regression-adjusted differences in employer “quality” 

realized by displaced workers relative to non-displaced workers and relative to before 

displacement occurred. We interpret negative δk-coefficients as evidence of lost employer-

specific rents.  

 By definition, the employer fixed effect ψijt does not vary over time for a given employer. 

Hence, because both displaced and non-displaced workers are required to work for the same 

employer continuously before displacement (and non-displaced workers, by the JLS-CP 

definition, are required to continue working with the same employer throughout 2002–2014), 

there is no within-employer variation before displacement occurs. Therefore, the variation 

necessary to identify δk comes from between-variation in employers of displaced workers after 

displacement.  

 

  

                                                
21 Of the 135 employers we could not match, 63.1 percent are employers in educational and health care services, 
12.2 percent are in information, finance, insurance, real estate, or professional services, and 12.1 percent are in trade.  
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4 Estimated effects of displacement on earnings, work hours, and wage rates 

This section presents estimates of the extent of displaced workers’ earnings losses and 

decomposes those losses into their work-hours and hourly wage rate components. We also 

conduct robustness checks using different estimation samples and a different comparison group. 

In section 5, we examine the extent to which displaced workers’ earnings losses can be attributed 

to employer-specific effects.  

 

4.1 Differences over time in earnings and work hours between displaced and non-displaced 

workers  

To better understand how displacement is identified, Figure 4 shows the time-profiles of average 

earnings (unconditional on employment, so including zero earnings) and average hours worked 

(also unconditional) of displaced and non-displaced workers for each quarter during 2008–2010. 

The comparison group of non-displaced workers is the same in each graph of the figure, and 

each graph includes a vertical line denoting the quarter in which the displaced workers separated 

from their employers of the previous six years. Panel A of Figure 4 shows earnings profiles of 

displaced and non-displaced workers, and Panel B shows work-hour profiles. Although these 

time series are often noisy, the overall pattern gives a first impression that, following 

displacement, workers’ earnings and hours worked tend not to recover to their pre-displacement 

levels.  

 

4.2 Estimates of lost earnings 

Figure 5 displays estimated effects of displacement on earnings over a period of 5–6 years, and 

Table 3 offers a summary of the estimates for the quarter following displacement (quarter 1), and 
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the 20th quarter after displacement (quarter 20).22 Each graph (and each estimate shown in Table 

3) is obtained by estimating equation (1) using a given dependent variable and plotting the 

estimated δk-coefficients, along with 95-percent confidence intervals (which are very small and 

at times hard to see). The models are estimated using the JLS-CP comparison group. The vertical 

line in each graph marks the first full quarter in which a displaced worker is observed without 

earnings or hours with the employer of the previous six years. 

 The dependent variables in the top two graphs of Figure 5 are unconditional quarterly 

earnings from the primary employer (on the left) and unconditional quarterly earnings from all 

employers (on the right). The dependent variables in the middle two graphs are the IHS 

transformation of quarterly earnings from the primary employer (left) and the IHS transformation 

of quarterly earnings from all employers (right). Finally, the dependent variables in the bottom 

two graphs are the logarithm of quarterly earnings from the primary employer (left) and the 

logarithm of quarterly earnings from all employers (right). We follow this ordering in most of the 

figures.  

 A clear pattern emerges from Figure 5. Soon-to-be-displaced workers’ earnings dip (or 

drift downward slightly) in roughly the year before displacement (Ashenfelter’s dip), drop 

sharply in the quarter of displacement and the quarter immediately following displacement 

(quarters 0 and 1), then recover, but never to their pre-displacement level, as gauged relative to 

earnings of the comparison group. It follows that the earnings losses of displaced workers have 

three sources: Ashenfelter’s dip before displacement, the drop at and immediately after 

                                                
22 We focus on quarter 20 because in later quarters displaced workers’ earnings losses appear to increase. [A similar 
a pattern is reported in Figures 3.2 and 5.2 in JLS (1993b).] In our analysis, this occurs because over time records 
with positive earnings thin out, as shown in Appendix Figure A2. Restricting the analysis sample to workers 
younger than age 51 eliminates the apparent increase in earnings losses after year 5.  
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separation, and most significantly, the long-term earnings deficit after reemployment (see again 

the stylized depiction in Figure 3).  

 The top left graph in Figure 5 shows that, in the quarter following displacement, workers 

lost on average about $6,090, compared with comparable non-displaced workers. (See also the 

top panel of Table 3. Table A.1 in the appendix displays the estimated δk-coefficients.) Dividing 

this by pre-displacement (2002–05) average earnings with the former primary employer 

($14,313, from Table 1) implies a loss of 42.5 percent in the quarter following displacement. The 

IHS transformation,23 gives a somewhat larger estimated deficit—nearly 47 percent. Estimates 

for the log of earnings are somewhat smaller than the other estimates: they suggest that the 

quarter after displacement earnings are on average less than those of the comparison group by 

about 38 percent; however, these estimates are conditioned on positive earnings, so they 

understate the extent of earnings losses.  

 The above estimates are based on earnings from only the primary employer in the quarter 

following displacement. (This employer cannot be the employer from which the worker was 

displaced.) If we instead examine earnings from all post-displacement employers (the right three 

graphs in Figure 5), estimated earnings losses are very similar, although slightly smaller. This 

suggests that accounting for the presence of multiple employers does not substantially change the 

conclusions drawn from focusing solely on outcomes from primary employers.  

 Figure 5 also shows that, five years after displacement, displaced workers earn on 

average $2,450 less per quarter from their primary employer than do comparable non-displaced 

workers. This translates to lost earnings of about 17 percent (dividing by $14,313). The IHS 

transformation suggests long-term earnings losses of about 21 percent, and the log earnings 

                                                
23 (exp(–2.69)–1)/2 x 100. 
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estimates suggest long-term losses of about 18 percent. As was true for earnings in the quarter 

after displacement, estimated long-term earnings losses based on earnings from all employers are 

very similar to those based on earnings losses from only the primary employer.  

 

4.3 Comparison with JLS and CP 

Table 2 compares the above estimates with those obtained by JLS and CP. JLS (1993b, Figure 

5.5) report that, at the time of displacement, their sample of Pennsylvania UI claimants 

experienced an earnings drop of about $7,800 (in 2010 dollars, $4,000 in 1987 dollars), and five 

years after the displacement, their earnings remained about $2,900 (in 2010 dollars, $1,500 in 

1987 dollars) lower than they would have been otherwise. (JLS do not report the baseline 

earnings of UI claimants, but CP report that, in percentage terms, these deficits amount to 66 

percent and 24 percent, respectively.) CP (2010, Figure 4) show that, immediately following 

displacement, the quarterly earnings of their sample of Connecticut UI claimants were about 

$7,700 (in 2010 dollars; $6,000 in 2000 dollars) less than they would have been otherwise—a 49 

percent deficit. Five years after displacement, these workers still earned about $5,100 (in 2010 

dollars; $4,000 in 2000 dollars) less than otherwise—a 32 percent deficit.  

 The estimates for Washington UI claimants that are most comparable to those reported by 

JLS and CP come from regressions using earnings from the principle employer in levels, divided 

by the pre-displacement baseline earnings for displaced workers. These calculations yield a loss 

of about 42.5 percent ($6,100/$14,313) in the quarter immediately after displacement, followed 

by a deficit five years later of about 17 percent ($2,500/$14,313). The IHS transformation yields 

somewhat larger estimates: nearly 47 percent for the quarter after displacement, and 21 percent 

for the long term. Hence, the earnings losses we find for Washington workers displaced in 2008–
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2010 are somewhat smaller than those reported by either JLS or CP. However, the estimation 

sample we use has a different industry composition than that used by JLS, so in subsection 4.6, 

we examine the earnings losses of workers displaced from manufacturing in Washington during 

2008–2010.  

 

4.4 Estimates for work hours and hourly wage rates 

Figure 6 displays estimates of the δk-coefficients from equation (1) for work hours and its 

transformations. (See also the top panel of Table 3. Table A.2 in the appendix shows these 

estimates in detail.) As was true for earnings, the work hours of soon-to-be-displaced workers 

dip slightly in roughly the year before displacement, drop greatly in the quarter of displacement 

and the quarter following displacement, then recover. The recovery of work hours appears more 

robust than the recovery of earnings, but work hours of the displaced workers nevertheless 

remain below those of the non-displaced comparison group: at quarter 20 after displacement, the 

deficit is between 8 percent (the level-hours estimate) and nearly 14 percent (the IHS estimate).  

 A comparison of Figures 5 and 6 suggests that most of the earnings losses in the quarter 

of displacement and the quarter following can be explained by lost work hours. Lost hours in the 

quarter after displacement amount to about 200 hours on a base of about 521 hours (38 percent) 

estimated in levels, and about 42 percent using the IHS transformation.24 For earnings, the 

corresponding earnings losses are about 42 percent (earnings in levels) and 47 percent (IHS), so 

we infer that lost work hours are responsible for about 90 percent of lost earnings around the 

time of displacement.  

                                                
24 (exp(–1.89)–1)/2 x 100. 
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 Five years after displacement, fewer work hours are still an important reason for lost 

earnings. Figure 6 shows that after five years, the average displaced worker still works 41.5 

fewer hours per quarter than otherwise (or 8 percent) according to the level-hours estimates, and 

nearly 14 percent fewer hours according to the IHS estimates. From this we infer that reduced 

work hours account for 50–60 percent of the long-term earnings losses of displaced workers, 

with the remaining 40–50 percent accounted for by lower hourly wage rates.  

 The long-term loss of work hours appears not to be driven by non-employment (i.e., more 

workers with zero work hours): as Figure A.2 shows, five years after displacement, the 

employment rate of displaced workers is only about 4 percent lower than that of non-displaced 

workers. Also, log hours (i.e., hours conditional on employment) for displaced workers are about 

10 percent less than those of non-displaced workers (see the bottom two graphs in Figure 6); so 

conditional on having a job, displaced workers’ hours are less than those of the comparison 

group after five years.  

 To summarize, the drop in hours worked explains about 50–60 percent of displaced 

workers’ long-term (five-year) earnings deficit: while earnings are estimated to be 17–21 percent 

less five years after the displacement, hours are estimated to be 8–14 percent less than those of 

comparable non-displaced workers (see the summary of estimates in Table 3). It follows that 

lower hourly wage rates should explain the remaining 40–50 percent of the long-term earnings 

deficit. As a check, Figure 7 shows the δk-coefficients from equation (1) estimated using the 

hourly wage rate (in levels and logs) as the dependent variable. The results for log wage rates 

suggest that, five years after displacement, hourly wage rates for employed workers are about 10 

percent lower than otherwise. These estimates are best compared with those using log earnings 

and log hours as outcomes (since they are also conditioned on employment), and together imply 
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that about half of the long-term earnings deficit of 18 percent is due to fewer work hours, and 

about half to lower hourly wage rates.  

 Figure 7 also shows a clear 8 log-point spike in hourly wage rates in the quarter of 

displacement (quarter 0). This spike appears to be the result of a greater drop in work hours than 

in earnings in the quarter of displacement: for example, Figure 5 shows an earnings drop of 

about 35 log points in quarter 0, whereas in Figure 6 shows a work-hours drop of about 41 log 

points. We can only speculate about the reasons for this outcome, but severance payments paid 

in the quarter of separation are the most likely cause. Severance payments, which are included 

with earnings in administrative wage records, would inflate reported earnings relative to work 

hours in the quarter of separation, and the result would be an apparent increase in the hourly 

wage around the time of displacement.25 

 

4.5 Estimates based on random trend models  

Figures 8–10 repeat the analysis in Figures 5–7 using the random trend model; see equation (2). 

By and large, the estimated time profiles are similar to those estimated using model (1). This 

similarity suggests that, before the displacement—and conditional on characteristics of the 

worker and pre-layoff employer (Zit and Xijt)—earnings and work hours of displaced and non-

displaced workers evolve approximately in parallel. This tends to buttress the interpretation of 

post-displacement outcome differences between displaced and non-displaced workers estimated 

using model (1) as the effects of displacement.  

 

                                                
25 Figures A.3 and A.4 in the appendix repeat the analysis in Figures 5 and 6 using all available observations. The 
main difference is that the initial drop in earnings and hours is smaller than in Figure 5 and 6, however, the long-
term losses appear to be similar.  



 28 

4.6 Estimates for workers displaced from manufacturing jobs  

To make our estimates more comparable to those of JLS, we repeat our analysis for workers who 

have been displaced from jobs in manufacturing. Figure 11 plots the earnings losses and Figure 

12 the hours reductions of these workers (see also the second panel of Table 3). Figure 11 

suggests these workers experience large immediate earnings losses: $6,400 on a base of $12,860 

(= 50 percent, or 48 percent using IHS). Five years later, the earnings losses remain substantial—

$1,760 on a base of $12,860 (= 14 percent, or 19 percent using IHS). For log earnings, the 

immediate drop is nearly 42 percent, and the deficit after five years is nearly 15 percent. For 

workers displaced from manufacturing, then, the immediate earnings losses are larger than for 

displaced workers as a whole, but the long-term losses appear to be less. In any case, the 

estimated losses for Washington displaced workers still appear to be smaller than for the 

Pennsylvania and Connecticut workers studied by JLS and CP.  

 Figure 12 shows a somewhat different pattern for work hours in manufacturing than 

Figure 6 showed for all workers. The immediate drop in work hours is larger (223 hours on a 

base of 532 hours or 45 percent using IHS), but over time, hours come somewhat closer to 

returning to their pre-displacement path. For example, five years after displacement, the work 

hours of displaced manufacturing workers are about 37 hours per quarter less than originally, or 

about 13 percent lower using the IHS transformation. Also, the log hours gap after 20 quarters is 

about 7 percent; hence, conditional on employment, manufacturing workers’ hours appear to 

come closer to returning to their original level than is the case for the overall sample.  

 What accounts for this difference between manufacturing workers and the overall 

sample? That displaced manufacturing workers’ hours come closer to returning to the pre-

displacement path suggests a greater role for reduced hourly wage rates in explaining the long-
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term earnings losses of manufacturing workers. To examine this conjecture, Figure 13 show the 

results of estimating equation (1) for manufacturing workers, using the hourly wage rate as the 

dependent variable. The estimates suggest that, five years after displacement, the hourly wages 

of these reemployed manufacturing workers remain nearly 10 percent less than those of 

comparable non-displaced manufacturing workers.  

 

4.7 Estimates using an alternative comparison group  

The comparison group used by JLS included only workers continuously employed with their 

primary employer throughout the observation window (in our case, 2002–2014). As Krolikowski 

(2016) has pointed out, this amounts to conditioning on an outcome (employment throughout the 

post-displacement period), and it can be expected to lead to an overstatement of the losses of 

displaced workers. Accordingly, we next estimate equation (1) using a different comparison 

group, specifically, long-tenure workers (that is, employed by the same primary employer during 

2002–2007) who continued with the same employer (that is, were not displaced) during 2008–

2010, but who may have changed employers or separated from the primary employer sometime 

after 2010. This comparison group is no longer selected on a positive outcome—continuous 

employment in the post-displacement period—so it is less likely than the JLS comparison group 

to exaggerate the long-term losses resulting from displacement.  

 Figures 14–16 show the results estimated for model (1) using this definition of the 

comparison group (see also the third panel of Table 3). The initial drop in earnings equals about 

$5,200 (or about –45 percent using the IHS transformation), and the initial drop in hours is about 

175 hours (or –40 percent using the IHS transformation)—both somewhat smaller than estimated 

using the baseline comparison group, but not greatly so. After five years, however, the estimated 
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earnings loss is $1,260 (or about 8 percent using the IHS transformation)—only half that 

estimated using the baseline comparison group (compare the first and third panels of Table 3). 

Similarly, the quarter 20 work-hours gap estimated using the alternative comparison group is 

only 15 hours (about 4 percent using the IHS transformation)—again substantially smaller than 

the gap estimated using the baseline comparison group. Hence, using the alternative comparison 

group implies similar short-term losses but far milder long-term losses than the baseline 

comparison group, in particular with respect to work hours.  
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5 Employer-specific effects 
 
Section 3.3 described an approach to estimating whether displaced workers’ earnings losses are 

due to employer-specific characteristics or employer fixed effects; that is, whether some portion 

of displaced workers’ losses result from reemployment with a relatively “low quality” employer, 

defined as an employer paying relatively low earnings or wage rates. This section describes the 

results of that empirical approach. We examine in turn whether employer fixed effects are 

responsible for part of displaced workers’ earnings losses, lost work hours, and lower hourly 

wage rates.  

The top left panel of Figure 17 displays the estimated δk-coefficients from equation (5) 

with the employer fixed effect (ψijt) for log earnings as the outcome. For comparison with the 

main results from Figures 5–7, Figure 17 also plots the estimated δk coefficients from the main 

estimates using log earnings with the primary employer. The estimated δk-coefficients underlying 

Figure 17 are reported in Table 4. For each post-displacement quarter, the ratio of the estimate in 

column (2) to column (1) gives the proportion of displaced workers’ earnings losses that can be 

attributed to working for a lower-paying employer than before displacement.   

The other panels of Figure 17 repeat this pattern for the other two outcomes (log hours 

worked and log wage rates), and again, Table 4 reports the estimated δk-coefficients underlying 

Figure 17.  

For each of the three outcomes, employer-fixed effects explain a substantial (and 

statistically significant) fraction of the losses due to displacement—see the summary in the 

bottom panel of Table 3. In the quarter following displacement (quarter 1), about 7 log points of 

the overall 49 log point earnings gap—about 14 percent—are due to working for an employer 

who pays less to all its workers, controlling for worker fixed characteristics. For hours worked 
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the estimate is smaller: about 5 log points of an overall 39-point gap, or about 13 percent; and for 

wages rates only 1 log point out of an overall gap of 11 points (or 9 percent) can be attributed to 

employer fixed effects.  

Twenty quarters after displacement (in quarter 20), employer fixed effects play a 

relatively more important role in the losses of displaced workers. Specifically, they account for 6 

log points of the overall 20 log point earnings gap (or 30 percent of the overall earnings gap), 2 

log point of the overall 11 log point gap in work hours (about 18 percent), and 3 long points of 

the overall 9 log point gap in hourly wages rates (about one-third). These estimates suggest that 

losses of employer-specific rents, although not the main reason for displaced workers’ long-term 

losses, are nevertheless a significant source of those losses.  

Figure 18 displays the results of estimating employer fixed effects [equation (5)] using 

the alternative comparison group described in subsection 4.7. The estimates suggest that the 

absolute differences between the employer fixed effects estimated using the baseline comparison 

group (in red) and alternative comparison group (in blue) are not large. Also, the employer fixed 

effects account for a similar percentage of displaced workers’ earnings losses in either case.  
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6 Discussion and Conclusion 
 
This draft represents a preliminary attempt to accomplish four goals: (a) to obtain estimates of 

the long-term earnings losses suffered by workers displaced during the Great Recession using 

comprehensive UI administrative data; (b) to decompose those losses into portions due to fewer 

hours worked and to reduced hourly wage rates; (c) to estimate the extent to which changes in 

displaced workers’ earnings, work hours, and wage rates can be attributed to employer-specific 

characteristics of the firms that reemploy those workers; and (d) to check the sensitivity of these 

estimates to the choice of a comparison group. 

 The estimates are based on quarterly administrative wage records from Washington State 

during 2002–2014, which offers some unusual advantages as well as some disadvantages. The 

data are unusual in providing information on quarterly work hours, as well as quarterly earnings, 

over a 13-year period. The coverage is very broad: all UI-covered employers and workers in 

Washington are included, and each employer’s level of employment, payroll, and detailed 

industry are known. The main disadvantages are the availability of worker demographic data on 

only half of the displaced workers we identify during 2008–2010, and the restriction of the data 

to Washington State. We believe the availability of work-hours data, which allows us to calculate 

hourly wage rates for workers, is an offsetting advantage.  

The main methods used to estimate the effects of displacement are well-known and were 

developed by Jacobson, LaLonde, and Sullivan (1993a); however, we also estimate employer 

fixed effects for earnings, work hours, and wage rates using the approach of Abowd, Kramarz, 

and Margolis (1999), and we use these to estimate the extent to which displaced workers’ losses 

can be attributed to the loss of employer-specific rents.  
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 The main findings are as follows. First, we find that displaced workers experience large 

and persistent earnings losses. In the quarter after displacement, estimated earnings losses are 

39–47 percent; in the long-term (that is, after 20 quarters), displaced workers’ earnings are still 

17–21 percent less than those of comparable non-displaced workers. These estimated earnings 

losses are somewhat smaller than the estimates of Jacobson, LaLonde, and Sullivan (1993a) and 

Couch and Placzek (2010), although the differences are not striking.  

Second, immediately after displacement, about 90 percent of earnings losses are 

explained by the loss of employment and fewer hours worked. But five years after displacement, 

40–50 percent of earnings losses can be attributed to lower wage rates earned by the displaced 

workers, with the remaining 50–60 percent attributable to reduced work hours.  

Third, the immediate earnings losses of workers displaced from manufacturing are 

somewhat larger than for other workers, and the long-term losses are somewhat smaller, but the 

differences are not striking.  

Fourth, estimates of displaced workers’ lost earnings are sensitive to the choice of a 

comparison group. The baseline comparison group on non-displaced workers, which mimics the 

comparison groups used by Jacobson, LaLonde, and Sullivan (1993a) and Couch and Placzek 

(2010), includes only workers who remain continuously employed with the same employer. 

Relaxing this definition and allowing the comparison group to include non-displaced workers 

who separate from their long-term employer or change jobs after 2008 leads to quite different 

estimates for the long term. Specifically, using the alternate comparison group results in 

estimated earnings losses after five years that are one-half those estimated using the baseline 

comparison group, and similarly for lost work hours.  
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Finally, employer-specific characteristics (i.e., fixed effects) account for 30 percent of 

long-term earnings losses, 18 percent of long-term hours’ reductions, and 33 percent of the lower 

wage rates following displacement. We interpret this as evidence that the loss of employer-

specific rents is an important part of the overall losses of displaced workers.  

This draft has only started to address the questions we would like to answer. In particular, 

the only subgroup of workers we have examined are those displaced from manufacturing. It 

would clearly be useful to examine the earnings losses of workers from other specific industries, 

as well as to examine the losses of particular groups of workers: by age, sex, race, and 

particularly education. It would also be useful to examine the earnings losses of workers 

displaced from employers whose economic conditions differ (that is, whether the employer is 

“distressed”) and from employers that are high-paying (“high-quality” or high-ψ) as opposed to 

those that are not. A more complete examination of heterogeneity in the earnings losses of 

displaced workers would lead to a more complete characterization of the underlying sources of 

displaced workers’ losses, and potentially to an understanding of policies that might assist these 

workers.  

Another avenue for research is to reconsider the definition of a displaced worker. For 

example, we could use the available UI claims records to define mass layoffs according to the 

BLS definition from the now-discontinued Mass Layoff Survey. That survey considered 50 or 

more UI claims from a given employer to be a potential mass layoff, then followed up to check 

whether the resulting separations lasted more than 30 days. For the purposes of understanding 

layoff dynamics and formulating policy, estimates derived from a definition of displacement that 

relies on UI claims records are likely to be more useful than estimates based solely on wage 

records.   
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Figure 1  
Number of displaced workers, by year and quarter, Washington displaced worker dataset 
 

 

Notes: Authors’ calculations. There are 9,286 displaced workers in total. Basic demographic 
information from UI claims records exists for 4,632.  
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Figure 2  
Initial UI claimants separated in connection with a mass layoff in Washington State, BLS 
definition (not seasonally adjusted), 2008–10 
 

 
 
Source: U.S. Bureau of Labor Statistics, Series MLUMS53NN0001005, based on monthly 
layoffs from establishments with at least 50 initial UI claims filed against them during a 5-week 
period (http://www.bls.gov/mls/, last accessed September 13, 2016). Figure 2 uses quarterly 
totals from the monthly reports.  
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Figure 3  
Stylized earnings profiles of displaced and non-displaced workers 
 

 

Notes: The figure shows three earnings profiles around the time of displacement occurring in the 
first quarter of 2009. The line denoted “Stable” shows the observed earnings profile of non-
displaced workers. The line denoted “Displaced (actual)” shows the observed earnings profile of 
displaced workers. The line denoted “Displaced (counterfactual)” shows the unobserved, 
counterfactual earnings profile of displaced workers.  
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Figure 4 Time profiles of quarterly earnings (2010 dollars) and hours worked  
 

Panel A: Earnings ($) 

 
 

Panel B: Hours worked  

 

Notes: The figures show time-profiles of average quarterly earnings (unconditional, i.e., including zero earnings) and average 
quarterly hours worked (unconditional, i.e., including zero hours) of displaced and non-displaced workers (according to the JLS-
CP definition of displacement), based on the sample for which we have demographic information. The vertical lines denote the 
year and quarter of displacement. Earnings are expressed in 2010 dollars.  
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Figure 5  
Estimated earnings losses due to displacement  
 

 
 
Notes: The figures show time-profiles of the δk-estimates from Equation (1). The whiskers 
(which are very small) denote 95-percent confidence intervals clustered by worker. The vertical 
lines denote the quarter of displacement. The dependent variables in the top two figures are 
unconditional earnings (in $1,000s) from the primary employer and unconditional earnings (in 
$1,000s) from all employers in a quarter. The dependent variables in the middle two figures are 
IHS-transformed earnings from the primary employer and IHS-transformed earnings from all 
employers in a quarter. The dependent variables in the bottom two figures are the logarithm of 
earnings from the primary employer and the logarithm of earnings from all employers in a 
quarter. In each case, the comparison group of non-displaced workers is defined as in JLS and 
CP. Earnings are expressed in 2010 dollars.  
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Figure 6  
Estimated work-hour losses due to displacement  
 

 
 
Notes: The figures shows time-profiles of the δk-estimates from Equation (1). The whiskers 
denote 95-percent confidence intervals clustered by worker. The vertical lines denote the quarter 
of displacement. The dependent variables in the top two figures are unconditional work hours 
from the primary employer and unconditional work hours from all employers in a quarter. The 
dependent variables in the middle two figures are IHS-transformed work hours from the primary 
employer and IHS-transformed work hours from all employers in a quarter. The dependent 
variables in the bottom two figures are the logarithm of work hours from the primary employer 
and the logarithm of work hours from all employers in a quarter. In each case, the comparison 
group of non-displaced workers is defined as in JLS and CP.  
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Figure 7  
Estimated hourly wage rate losses due to displacement  
 

 
 
Notes: The figures show time-profiles of the δk-estimates from Equation (1). The whiskers 
denote 95-percent confidence intervals clustered by worker. The vertical lines denote the quarter 
of displacement. The dependent variables in the top two figures are the hourly wage rate (in 
dollars per hour) from the primary employer and the hourly wage rate (in dollars per hour) from 
all employers in a quarter. The dependent variable in the second two figures are the logarithm of 
the hourly wage rate from the primary employer and the logarithm of the hourly wage rate from 
all employers in a quarter. In each case, the comparison group of non-displaced workers is 
defined as in JLS and CP.  
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Figure 8  
Earnings losses due to displacement estimated using the random trend model 
 

 
 
Notes: The figures show time-profiles of the δk-estimates from Equation (2); see the text for 
details. The vertical lines denote the quarter of displacement. The dependent variables in the top 
two figures are unconditional earnings (in $1,000s) from the primary employer and 
unconditional earnings (in $1,000s) from all employers in a quarter. The dependent variables in 
the middle two figures are the IHS-transformed earnings from the primary employer and the 
IHS-transformed earnings from all employers in a quarter. The dependent variables in the bottom 
two figures are the logarithm of earnings from the primary employer and the logarithm of 
earnings from all employers in a quarter. In each case, the comparison group of non-displaced 
workers is defined as in JLS and CP. Earnings are expressed in 2010 dollars. 
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Figure 9  
Work-hour losses due to displacement estimated using the random trend model  
 

 
 
Notes: The figures show the time-profiles of the δk-estimates from Equation (2); see the text for 
details. The vertical lines denote the quarter of displacement. The dependent variables in the top 
two figures are unconditional work hours from the primary employer and unconditional work 
hours from all employers in a quarter. The dependent variables in the middle two figures  are the 
IHS-transformed work hours from the primary employer and the IHS-transformed work hours 
from all employers in a quarter. The dependent variables in the bottom two figures are the 
logarithm of work hours from the primary employer and the logarithm of work hours from all 
employers in a quarter. In each case, the comparison group of non-displaced workers is defined 
as in JLS and CP.  
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Figure 10  
Hourly wage rate losses due to displacement estimated using the random trend model  
 

 
 
Notes: The figures show time-profiles of the δk-estimates from Equation (2); see the text for 
details. The whiskers denote 95-percent confidence intervals clustered by worker. The vertical 
lines denote the quarter of displacement. The dependent variables in the top two figures are the 
hourly wage rate (in dollars per hour) from the primary employer and the hourly wage rate (in 
dollars per hour) from all employers in a quarter. The dependent variables in the bottom two 
figures are the logarithm of the hourly wage rate from the primary employer and the logarithm of 
the hourly wage rate from all employers in a quarter. In each case, the comparison group of non-
displaced workers is defined as in JLS and CP.  
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Figure 11  
Estimated earnings losses for workers in manufacturing 
 

 
 
Notes: The figures show time-profiles of the δk-estimates from Equation (1) for workers who 
worked in manufacturing in 2007:IV. The whiskers denote 95-percent confidence intervals 
clustered by worker. The vertical lines denote the quarter of displacement. The dependent 
variables in the top two figures are unconditional earnings (in $1,000s) from the primary 
employer and unconditional earnings (in $1,000s) from all employers in a quarter. The 
dependent variables in the middle two figures are the IHS-transformed earnings from the primary 
employer and the IHS-transformed earnings from all employers in a quarter. The dependent 
variables in the bottom two figures are the logarithm of earnings from the primary employer and 
the logarithm of earnings from all employers in a quarter. In each case, the comparison group of 
non-displaced workers is defined as in JLS and CP. Earnings are expressed in 2010 dollars. 
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Figure 12  
Estimated work-hour losses for workers in manufacturing  
 

 
 
Notes: The figures show time-profiles of the δk-estimates from Equation (1) for workers who 
worked in manufacturing in 2007:IV. The whiskers denote 95-percent confidence intervals 
clustered by worker. The vertical lines denote the quarter of displacement. The dependent 
variables in the top two figures are unconditional work hours from the primary employer and 
unconditional work hours from all employers in a quarter. The dependent variables in the middle 
two figures are the IHS-transformed work hours from the primary employer and the IHS-
transformed work hours from all employers in a quarter. The dependent variable in the bottom 
two figures are the logarithm of work hours from the primary employer and the logarithm of 
work hours from all employers in a quarter. In each case, the comparison group of non-displaced 
workers is defined as in JLS and CP.  
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Figure 13  
Estimated hourly wage rate losses for workers in manufacturing  
 

 
 
Notes: The figures show time-profiles of the δk-estimates from Equation (1) for workers who 
worked in manufacturing in 2007:IV. The whiskers denote 95-percent confidence intervals 
clustered by worker. The vertical lines denote the quarter of displacement. The dependent 
variables in the top two figures are the logarithm of hourly wage rate from the primary employer 
and the logarithm of hourly wage rate from all employers in a quarter. The dependent variable in 
the middle two figures are the hourly wage rate (in dollars per hour) from the primary employer 
and the hourly wage rate (in dollars per hour) from all employers in a quarter. In each case, the 
comparison group of non-displaced workers is defined as in JLS and CP.  
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Figure 14  
Earnings losses due to displacement estimated using Krolikowski’s comparison group  
 

 
 
Notes: The figures show time-profiles of the δk-estimates from Equation (1). The whiskers 
denote 95-percent confidence intervals clustered by worker. The vertical lines denote the quarter 
of the displacement. The dependent variables in the top two figures are the unconditional 
earnings (in $1,000s) from the primary employer and the unconditional earnings (in $1,000s) 
from all employers in a quarter. The dependent variables in the middle two figures are the IHS-
transformed earnings from the primary employer and the IHS-transformed earnings from all 
employers in a quarter. The dependent variables in the bottom two figures are the logarithm of 
earnings from the primary employer and the logarithm of earnings from all employers in a 
quarter. In each case, the comparison group of non-displaced workers is defined as described in 
Krolikowski (2016). Earnings are expressed in 2010 dollars. 
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Figure 15  
Work-hour losses due to displacement estimated using Krolikowski’s comparison group  
 

 
 
Notes: The figure show time-profiles of the δk-estimates from Equation (1). The whiskers denote 
95-percent confidence intervals clustered by worker. The vertical lines denote the quarter of 
displacement. The dependent variables in the top two figures are the unconditional work hours 
from the primary employer and the unconditional work hours from all employers in a quarter. 
The dependent variables in the middle two figures are the IHS-transformed work hours from the 
primary employer and the IHS-transformed work hours from all employers in a quarter. The 
dependent variable in the bottom two figures is the logarithm of work hours from the primary 
employer and the logarithm of work hours from all employers in a quarter. In each case, the 
comparison group of non-displaced workers is defined as described in Krolikowski (2016).  
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Figure 16  
Hourly wage rate losses due to displacement estimated using estimated using Krolikowski’s 
comparison group   
 

 
 
Notes: The figures show time-profiles of the δk-estimates from Equation (1). The whiskers 
denote 95-percent confidence intervals clustered by worker. The vertical lines denote the quarter 
of displacement. The dependent variables in the top two figures are the hourly wage rate (in 
dollars per hour) from the primary employer and the hourly wage rate (in dollars per hour) from 
all employers in a quarter. The dependent variables in the second two figures are the logarithm of 
the hourly wage rate from the primary employer and the logarithm of the hourly wage rate from 
all employers in a quarter. In each case, the comparison group of non-displaced workers is 
defined as in Krolikowski (2016).  
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Figure 17 
Estimated effect of displacement due to working for a lower-paying employer  
 

 
 

Notes: The figures show time-profiles of the δk-estimates from Equation (1) and Equation (4). 
The whiskers denote 95-percent confidence intervals clustered by worker. The vertical lines 
denote the quarter of displacement. The maroon line with circle markers shows the δk-
coefficients from Equation (1) estimated using the logarithm of  earnings, work hours, or wage 
rates with the primary employer (as in Figures 5–7). The navy line with diamond markers shows 
the δk-coefficients from Equation (4) estimated using the AKM employer fixed effect ψ, 
estimated for log earnings, log hours, and log wage rates with primary employer. In each case, 
the comparison group of non-displaced workers is defined as in JLS and CP.  
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Figure 18 
Size of employer fixed effects estimated for alternative comparison groups  
 

 
 
Notes: The figures show time-profiles of the δk-estimates from Equation (4). The whiskers 
denote 95-percent confidence intervals clustered by worker. The vertical lines denote the quarter 
of displacement. The maroon lines with triangles show the estimated δk-coefficients for AKM 
employer fixed effects ψ (log earnings, log hours, and log wage rates with the primary employer) 
using the JLS-CP comparison group. The navy lines with diamonds show the estimated δk-
coefficients for the AKM employer fixed effects ψ (log earnings, log hours, and log wage rates 
with the primary employer) using an alternative comparison group (Krolikowski 2016).  
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(1) (2) (3) (4) (5) (6)

Displaced
Non-displaced  

(JLS-CP)
Non-displaced 
(Krolikowski) Displaced

Non-displaced  
(JLS-CP)

Non-displaced 
(Krolikowski) 

0.300 0.378 0.393 n/a n/a n/a

White Not Hispanic 0.802 0.693 0.710 n/a n/a n/a
Black Not Hispanic 0.027 0.032 0.032 n/a n/a n/a
Hispanic 0.061 0.116 0.111 n/a n/a n/a
Asian/Pacific Islander 0.062 0.101 0.092 n/a n/a n/a
American Indian or Alaskan Native 0.012 0.015 0.014 n/a n/a n/a
Missing, unknown or not available 0.036 0.044 0.041 n/a n/a n/a

45.75 46.13 45.89 n/a n/a n/a
(9.48) (9.27) (9.63)

no education 0.047 0.080 0.077 n/a n/a n/a
less than high school 0.027 0.043 0.039 n/a n/a n/a
GED 0.027 0.029 0.030 n/a n/a n/a
high school graduate 0.450 0.443 0.416 n/a n/a n/a
some college 0.142 0.171 0.167 n/a n/a n/a
associate degree 0.133 0.105 0.111 n/a n/a n/a
bachelor degree 0.136 0.101 0.125 n/a n/a n/a
masters/PhD 0.038 0.029 0.036 n/a n/a n/a

14,313 12,510 12,879 16,297 15,738 15,631
(7,050) (6,126) (6,889) (8,651) (9,050) (9,087)

521 498 495 519 473 474
(79) (96) (93) (84) (99) (99)

2,204 8,693 6,783 2,351 10,917 10,349
(2,596) (20,510) (17,643) (2,520) (21,442) (20,831)

11 agriculture 1.59 4.35 4.68 1.41 0.76 1.12
21–23 mining, utilities, construction 6.88 7.13 7.62 4.21 2.99 3.20
31 manufacturing 26.76 45.35 36.09 17.55 18.81 18.58
42–48 trade 14.48 13.62 17.68 13.87 14.85 16.30
51–56 info., finance, ins., real estate, prof. 43.33 6.00 12.67 53.63 11.44 12.43
61–62 educational and health care services 1.55 11.30 10.24 3.19 32.20 30.44
71–72 arts, recreation, food services 4.25 3.48 4.30 4.35 2.30 2.57
81 other services 0.59 0.62 0.84 0.56 0.58 0.63
92–99 public administration and unclass. 0.57 8.17 5.88 1.23 16.08 14.73

4,632 18,964 27,627 9,286 257,651 286,223

Female
Race (in fractions)

Age

Schooling (in fractions)

Employer size

Panel B: Worker observables, quarterly averages 2002–05

Table 1
Sample descriptive statistics 

Full* sample percentages and means

Covariate
Panel A: Worker demographics

Sample percentages and means

Pre-claim earnings ($)

Pre-claim  hours

Panel C: Employer characteristics in 2007:Q4

Notes: * "full sample" also includes workers for whom we do not observe demographics. Earnings are expressed in 2010-constant values. JLS-CP refers to 
the definition of non-displaced worker used in Jacobson, LaLonde, and Sullivan (1993a) and Couch and Placzek (2010). Krolikowski uses a different 
definition of non-displaced workers. Standard deviations are presented in parantheses. 

Source: Authors' tabulations.

NAICS Industry (in percentages)

Sample size



 
 
  

Table 2: Estimated earnings losses due to displacement, selected recent studies using UI adminsitrative records

Study Data source Sample 

Max. earnings losses 
in the first year 
(2010 values)

Max. earnings losses 
after five years (2010 
values)

Jacobson, Lalonde, and 
Sullivan (1993b)

Pennsylvania, 
1974–1986

All UI claimants $7,800 or 66 
percent*

$2,900 or 24 percent*

Couch and Placzek (2010) Connecticut, 
1993–2004

All UI claimants $7,700 or 49 percent $5,100 or 32 percent

Lachowska, Mas, and 
Woodbury (2016)

Washington, 
2002–2014

All UI claimants $6,000 or 42 percent 
(=$6,000/$14,313); 
47 percent using IHS

$2,500 or 17 percent 
(=$2,500/$14,313); 
21 percent using IHS

UI claimants who lost 
manufacturing jobs

$6,400 or 50 percent 
(=$6,400/$12,860); 
48 percent using IHS

$1,750 or 14 percent 
(=$1,750/$12,860); 
19 percent using IHS

Sources: Reported estimates from the papers cited. *Percentage estimates for Jacobson, LaLonde, and Sullivan 
(1993b) are reported in Couch and Placzek (2010), Table 1. 



                  
 
  

Q1 Q20 Q1 Q20 Q1 Q20
Main sample

level –$6,090 –$2,450 –201 –41.5
(–42.5%) (–17.1%) (–38.6%) (–8.0%)

IHS –2.69 –0.54 –1.89 –0.32
(–46.6%) (–20.9%) (–42.4%) (–13.7%)

log –0.49 –0.20 –0.39 –0.11
(–38.7%) (–18.0%) (–32.2%) (–10.4%)

Manufacturing
level –$6,400 –$1,760 –223 –36.6

(–49.7%) (–13.7%) (–41.2%) (–6.9%)
IHS –3.38 –0.48 –2.36 –0.30

(–48.3%) (–19.1%) (–45.3%) (–13.0%)
log –0.54 –0.16 –0.34 –0.07

(–41.7%) (–14.8%) (–28.8%) (–6.8%)
Alternate comaprison group

level –$5,230 –$1,260 –175 –14.8
(–36.5%) (–8.8%) (–33.6%) (–2.8%)

IHS –2.36 –0.18 –1.62 –0.08
(–45.3%) (–8.2%) (–40.1%) (–3.8%)

log –0.41 –0.10 –0.33 –0.06
(–33.6%) (–4.8%) (–28.1%) (–5.8%)

AKM employer fixed effects
log –0.07 –0.05 –0.06 –0.02

(–7.3%) (–5.1%) (–6.2%) (–2.0%)

Notes: Each entry gives the estimated displacement effect on the 
indicated outcome in either quarter 1 (Q1) or quarter 20 (Q20) 
following displacement. Implied percentage changes relative to the 
non-displaced comparison group are shown in parentheses. For 
example, the estimated effect of displacement on earnings 20 
quarters after displacement is –$2,450, which is 17.1% less than the 
earnings of the non-displaced comparison group.

Table 3
Summary of estimated displacement effects

Earnings Work hours Hourly wage rates



 
 
  

Outcome variable
Log primary 

earnings ψ log earnings
Log primary 

hours ψ log hours
Log primary 

wage ψ log wage
(1) (2) (3) (4) (5) (6)

Covariates

0 –0.35*** 0.00 –0.41*** 0.00*** 0.07*** –0.00
(0.01) (0.00) (0.01) (0.00) (0.01) (0.00)

1 –0.49*** –0.07*** –0.39*** –0.05*** –0.11*** –0.01***
(0.01) (0.00) (0.01) (0.00) (0.01) (0.00)

2 –0.42*** –0.06*** –0.28*** –0.05*** –0.15*** –0.02***
(0.01) (0.00) (0.01) (0.00) (0.01) (0.00)

3 –0.34*** –0.06*** –0.21*** –0.04*** –0.14*** –0.02***
(0.01) (0.00) (0.01) (0.00) (0.01) (0.00)

4 –0.35*** –0.07*** –0.23*** –0.04*** –0.12*** –0.02***
(0.01) (0.00) (0.01) (0.00) (0.01) (0.00)

5 –0.30*** –0.07*** –0.15*** –0.04*** –0.15*** –0.03***
(0.01) (0.00) (0.01) (0.00) (0.01) (0.00)

6 –0.26*** –0.06*** –0.13*** –0.04*** –0.13*** –0.03***
(0.01) (0.00) (0.01) (0.00) (0.01) (0.00)

7 –0.27*** –0.06*** –0.14*** –0.04*** –0.13*** –0.03***
(0.01) (0.00) (0.01) (0.00) (0.01) (0.00)

8 –0.27*** –0.06*** –0.13*** –0.03*** –0.14*** –0.03***
(0.01) (0.00) (0.01) (0.00) (0.01) (0.00)

9 –0.24*** –0.06*** –0.12*** –0.03*** –0.13*** –0.03***
(0.01) (0.00) (0.01) (0.00) (0.01) (0.00)

10 –0.22*** –0.06*** –0.10*** –0.03*** –0.11*** –0.02***
(0.01) (0.00) (0.01) (0.00) (0.01) (0.00)

11 –0.26*** –0.06*** –0.11*** –0.03*** –0.14*** –0.03***
(0.01) (0.00) (0.01) (0.00) (0.01) (0.00)

12 –0.22*** –0.05*** –0.10*** –0.02*** –0.11*** –0.04***
(0.01) (0.00) (0.01) (0.00) (0.01) (0.00)

13 –0.23*** –0.06*** –0.12*** –0.02*** –0.11*** –0.03***
(0.01) (0.00) (0.01) (0.00) (0.01) (0.00)

14 –0.18*** –0.05*** –0.10*** –0.02*** –0.09*** –0.03***
(0.01) (0.00) (0.01) (0.00) (0.01) (0.00)

15 –0.22*** –0.05*** –0.11*** –0.02*** –0.11*** –0.03***
(0.01) (0.00) (0.01) (0.00) (0.01) (0.00)

16 –0.21*** –0.05*** –0.10*** –0.02*** –0.11*** –0.03***
(0.01) (0.00) (0.01) (0.00) (0.01) (0.00)

17 –0.20*** –0.05*** –0.10*** –0.02*** –0.11*** –0.03***
(0.01) (0.00) (0.01) (0.00) (0.01) (0.00)

18 –0.16*** –0.05*** –0.07*** –0.02*** –0.09*** –0.03***
(0.01) (0.00) (0.01) (0.00) (0.01) (0.00)

19 –0.21*** –0.06*** –0.10*** –0.02*** –0.11*** –0.03***
(0.01) (0.00) (0.01) (0.00) (0.01) (0.00)

20 –0.20*** –0.06*** –0.11*** –0.02*** –0.09*** –0.03***
(0.01) (0.00) (0.01) (0.00) (0.01) (0.00)

21 –0.22*** –0.06*** –0.11*** –0.02*** –0.11*** –0.03***
(0.01) (0.00) (0.01) (0.00) (0.01) (0.00)

22 –0.17*** –0.06*** –0.09*** –0.02*** –0.08*** –0.03***
(0.01) (0.00) (0.01) (0.00) (0.01) (0.00)

23 –0.21*** –0.07*** –0.08*** –0.03*** –0.13*** –0.04***
(0.01) (0.00) (0.01) (0.00) (0.01) (0.00)

24 –0.21*** –0.08*** –0.06*** –0.03*** –0.16*** –0.04***
(0.02) (0.01) (0.01) (0.00) (0.01) (0.00)

Number of quarter-year workers 1,198,868 1,198,139 1,193,583 1,198,139 1,193,573 1,198,139
Number of workers 23,596 23,596 23,596 23,596 23,596 23,596
R-squared 0.082 0.074 0.054 0.057 0.060 0.040

Table 4
Estimated effects of displacement on each outcome (log earnings, log hours, and log wages) and on AKM employer fixed effects (ψ) for 
each outcome 

Quarter after displacementa

Notes: a. Same coefficients and standard errors as in Figure 17. Note that coefficients for quarters –20 to –1 since displacement are omitted from the 
table to save space. Universe consists of displaced and non-displaced workers (JLS-CP definition; see text for details). Standard errors clustered by 
workers are in parentheses (*** p < 0.01; ** p < 0.05; * p < 0.1). Each regression also controls for a worker-specific fixed effect; a vector of quarterly 
dummies; worker’s age and age squared; a vector of gender, race, and education dummies interacted with the worker’s age; logarithm of pre-
displacement employer size and 1-digit NAICS code in 2007:Q4 interacted with a vector of yearly dummies; a simple average of pre-displacement 
earnings with the primary employer and an average of pre-displacement hours with the primary employer, each interacted with a vector of yearly 
dummies. Earnings are expressed in 2010-constant values. 



Appendix A: Additional figures and tables 
 
Figure A.1  
Distribution of hourly wage rates  

 

Notes: The histograms use $1 bins to show the distribution of hourly wage rates, constructed by 
dividing quarterly earnings earned at the primary job by quarterly hours worked at the primary 
job, by year. The thin vertical line on the left denotes the minimum wage rate in Washington 
State in that year. The spikes on the right are due to winsorizing hourly wage rate at the 99th 
percentile. Because the sample consists of high-tenure workers (six or more years with the same 
primary employer), relatively few earn the minimum wage.  
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Figure A.2 
Estimated employment probability losses due to displacement  
 

 
 
Notes: The figure show the time-profile of the δk-estimates from Equation (1), where the 
dependent variable is an indicator of whether the worker is observed with positive earnings or 
positive hours in a quarter. The whiskers denote 95-percent confidence intervals clustered by 
worker. The vertical line denotes the quarter of displacement. The comparison group of non-
displaced workers is defined as in JLS and CP.  
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Figure A.3  
Earnings losses due to displacement estimated using all observations  
 

 
 
Notes: The figures show time-profiles of the δk-estimates from Equation (3); see the text for 
details. The vertical lines denote the quarter of displacement. The dependent variables in the top 
two figures are unconditional earnings (in $1,000s) from the primary employer and 
unconditional earnings (in $1,000s) from all employers in a quarter. The dependent variables in 
the middle two figures are the IHS-transformed earnings from the primary employer and the 
IHS-transformed earnings from all employers in a quarter. The dependent variables in the bottom 
two figures are the logarithm of earnings from the primary employer and the logarithm of 
earnings from all employers in a quarter. In each case, the comparison group of non-displaced 
workers is defined as in JLS and CP. Earnings are expressed in 2010-constant values. 
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Figure A.4  
Work-hour losses due to displacement estimated using all observations  
 

 
 

Notes: The figures show time-profiles of the δk-estimates from Equation (3); see the text for 
details. The vertical lines denote the quarter of displacement. The dependent variables in the top 
two figures are unconditional work hours from the primary employer and unconditional work 
hours from all employers in a quarter. The dependent variables in the middle two figures are the 
IHS-transformed work hours from the primary employer and the IHS-transformed work hours 
from all employers in a quarter. The dependent variables in the bottom two figures are the 
logarithm of work hours from the primary employer and the logarithm of work hours from all 
employers in a quarter. In each case, the comparison group of non-displaced workers is defined 
as in JLS and CP.  
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Figure A.5  
Hourly wage rate losses due to displacement estimated using all observations 
 

 
 
Notes: The figures show time-profiles of the δk-estimates from Equation (1). The whiskers 
denote 95-percent confidence intervals clustered by worker. The vertical lines denote the quarter 
of displacement. The dependent variables in the top two figures are the hourly wage rate (in 
dollars per hour) from the primary employer and the hourly wage rate (in dollars per hour) from 
all employers in a quarter. The dependent variables in the bottom two figures are the logarithm 
of the hourly wage rate from the primary employer and the logarithm of the hourly wage rate 
from all employers in a quarter. In each case, the comparison group of non-displaced workers is 
defined as in JLS and CP.  
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Outcome variable
Primary earnings 

(in $1,000s)
All earnings 
(in $1,000s)

IHS primary 
earnings

IHS all 
earnings 

Log primary 
earnings

Log all 
earnings

(1) (2) (3) (4) (5) (6)
Covariates

–20 0.22*** 0.22*** 0.01*** 0.01*** 0.01*** 0.01***
(0.05) (0.05) (0.00) (0.00) (0.00) (0.00)

–19 0.14** 0.14** –0.00 –0.00 0.00 0.00
(0.06) (0.06) (0.00) (0.00) (0.00) (0.00)

–18 0.68*** 0.69*** 0.04*** 0.04*** 0.05*** 0.05***
(0.06) (0.06) (0.00) (0.00) (0.00) (0.00)

–17 0.13** 0.14** –0.00 –0.00 0.00 0.00
(0.06) (0.06) (0.00) (0.00) (0.00) (0.00)

–16 0.25*** 0.25*** 0.01** 0.01** 0.01*** 0.01***
(0.06) (0.06) (0.00) (0.00) (0.00) (0.00)

–15 0.45*** 0.46*** 0.01*** 0.01*** 0.02*** 0.02***
(0.07) (0.07) (0.00) (0.00) (0.00) (0.00)

–14 0.59*** 0.60*** 0.03*** 0.03*** 0.04*** 0.04***
(0.06) (0.06) (0.00) (0.00) (0.00) (0.00)

–13 0.57*** 0.57*** 0.03*** 0.03*** 0.03*** 0.03***
(0.06) (0.07) (0.00) (0.00) (0.00) (0.00)

–12 –0.19*** –0.18*** –0.03*** –0.03*** –0.02*** –0.02***
(0.07) (0.07) (0.00) (0.00) (0.00) (0.00)

–11 0.38*** 0.38*** 0.01*** 0.01*** 0.02*** 0.02***
(0.07) (0.07) (0.00) (0.00) (0.00) (0.00)

–10 –0.07 –0.05 –0.02*** –0.02*** –0.01* –0.01
(0.06) (0.07) (0.00) (0.00) (0.00) (0.00)

–9 0.38*** 0.40*** 0.01** 0.01*** 0.02*** 0.02***
(0.07) (0.07) (0.00) (0.00) (0.00) (0.00)

–8 –0.46*** –0.44*** –0.05*** –0.05*** –0.04*** –0.04***
(0.07) (0.07) (0.00) (0.00) (0.00) (0.00)

–7 0.29*** 0.30*** –0.02*** –0.02*** 0.00 0.01
(0.08) (0.08) (0.01) (0.01) (0.01) (0.01)

–6 –0.28*** –0.26*** –0.05*** –0.05*** –0.02*** –0.02***
(0.07) (0.07) (0.01) (0.01) (0.00) (0.00)

–5 0.02 0.05 –0.03*** –0.03*** 0.00 0.00
(0.07) (0.08) (0.01) (0.01) (0.00) (0.00)

–4 –0.87*** –0.84*** –0.10*** –0.10*** –0.06*** –0.06***
(0.07) (0.07) (0.01) (0.01) (0.01) (0.01)

–3 –0.30*** –0.27*** –0.08*** –0.07*** –0.04*** –0.04***
(0.08) (0.08) (0.01) (0.01) (0.01) (0.01)

–2 –0.65*** –0.61*** –0.11*** –0.10*** –0.07*** –0.06***
(0.08) (0.08) (0.01) (0.01) (0.01) (0.01)

–1 0.01 0.08 –0.07*** –0.07*** –0.03*** –0.02***
(0.09) (0.10) (0.01) (0.01) (0.01) (0.01)

0 –1.71*** –0.74*** –0.40*** –0.31*** –0.35*** –0.26***
(0.14) (0.15) (0.01) (0.01) (0.01) (0.01)

1 –6.09*** –5.32*** –2.69*** –2.61*** –0.49*** –0.39***
(0.13) (0.14) (0.06) (0.06) (0.01) (0.01)

2 –4.68*** –4.44*** –1.79*** –1.76*** –0.42*** –0.39***
(0.13) (0.13) (0.05) (0.05) (0.01) (0.01)

3 –3.81*** –3.62*** –1.46*** –1.43*** –0.34*** –0.32***
(0.12) (0.12) (0.05) (0.05) (0.01) (0.01)

4 –3.45*** –3.28*** –1.33*** –1.31*** –0.35*** –0.32***
(0.12) (0.13) (0.05) (0.05) (0.01) (0.01)

5 –3.19*** –3.03*** –1.11*** –1.08*** –0.30*** –0.27***
(0.12) (0.12) (0.04) (0.04) (0.01) (0.01)

6 –2.89*** –2.76*** –0.81*** –0.79*** –0.26*** –0.24***
(0.11) (0.11) (0.04) (0.04) (0.01) (0.01)

7 –2.77*** –2.64*** –0.68*** –0.66*** –0.27*** –0.25***
(0.11) (0.11) (0.03) (0.03) (0.01) (0.01)

8 –2.80*** –2.67*** –0.67*** –0.65*** –0.27*** –0.25***

Table A.1
Estimated effects of displacement on unconditional earnings, IHS earnings, and log earnings (from primary employer and all employers)

Quarter since displacement
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Outcome variable
Primary earnings 

(in $1,000s)
All earnings 
(in $1,000s)

IHS primary 
earnings

IHS all 
earnings 

Log primary 
earnings

Log all 
earnings

(1) (2) (3) (4) (5) (6)
Covariates

Table A.1
Estimated effects of displacement on unconditional earnings, IHS earnings, and log earnings (from primary employer and all employers)

Quarter since displacement
(0.11) (0.11) (0.03) (0.03) (0.01) (0.01)

9 –2.37*** –2.22*** –0.57*** –0.56*** –0.24*** –0.23***
(0.12) (0.12) (0.03) (0.03) (0.01) (0.01)

10 –2.42*** –2.29*** –0.56*** –0.54*** –0.22*** –0.20***
(0.11) (0.11) (0.03) (0.03) (0.01) (0.01)

11 –2.89*** –2.52*** –0.61*** –0.57*** –0.26*** –0.22***
(0.11) (0.11) (0.03) (0.03) (0.01) (0.01)

12 –2.42*** –2.33*** –0.58*** –0.57*** –0.22*** –0.20***
(0.11) (0.11) (0.03) (0.03) (0.01) (0.01)

13 –2.41*** –2.24*** –0.56*** –0.54*** –0.23*** –0.21***
(0.12) (0.12) (0.03) (0.03) (0.01) (0.01)

14 –2.09*** –1.94*** –0.56*** –0.54*** –0.18*** –0.16***
(0.11) (0.12) (0.03) (0.03) (0.01) (0.01)

15 –2.50*** –2.34*** –0.53*** –0.51*** –0.22*** –0.21***
(0.11) (0.12) (0.03) (0.03) (0.01) (0.01)

16 –2.41*** –2.29*** –0.57*** –0.55*** –0.21*** –0.19***
(0.12) (0.12) (0.03) (0.03) (0.01) (0.01)

17 –2.30*** –2.13*** –0.53*** –0.51*** –0.20*** –0.18***
(0.12) (0.12) (0.03) (0.03) (0.01) (0.01)

18 –2.08*** –1.94*** –0.53*** –0.51*** –0.16*** –0.14***
(0.12) (0.12) (0.03) (0.03) (0.01) (0.01)

19 –2.63*** –2.51*** –0.54*** –0.53*** –0.21*** –0.20***
(0.12) (0.12) (0.03) (0.03) (0.01) (0.01)

20 –2.45*** –2.32*** –0.54*** –0.52*** –0.20*** –0.18***
(0.12) (0.12) (0.03) (0.03) (0.01) (0.01)

21 –2.75*** –2.60*** –0.53*** –0.50*** –0.22*** –0.20***
(0.13) (0.13) (0.03) (0.03) (0.01) (0.01)

22 –2.43*** –2.30*** –0.61*** –0.60*** –0.17*** –0.15***
(0.15) (0.15) (0.04) (0.04) (0.01) (0.01)

23 –3.27*** –3.15*** –0.70*** –0.69*** –0.21*** –0.20***
(0.16) (0.16) (0.04) (0.04) (0.01) (0.01)

24 –3.85*** –3.77*** –0.90*** –0.88*** –0.21*** –0.20***
(0.18) (0.18) (0.05) (0.05) (0.02) (0.02)

Number of quarter-year workers 1,204,782 1,204,782 1,204,782 1,204,782 1,198,868 1,198,868
Number of workers 23,596 23,596 23,596 23,596 23,596 23,596
R-squared 0.088 0.084 0.106 0.102 0.082 0.076

Notes: Same coefficients and standard errors as in Figure 5. Universe consists of displaced and non-displaced workers (JLS-CP definition; see text for 
details). Standard errors clustered by workers are in parentheses (*** p < 0.01; ** p < 0.05; * p < 0.1). Each regression also controls for a worker-specific 
fixed effect; a vector of quarterly dummies; worker’s age and age squared; a vector of gender, race, and education dummies interacted with the worker’s 
age; logarithm of pre-displacement employer size and 1-digit NAICS code in 2007:Q4 interacted with a vector of yearly dummies; a simple average of 
pre-displacement earnings with the primary employer and an average of pre-displacement hours with the primary employer, each interacted with a vector 
of yearly dummies. Earnings are expressed in 2010-constant values. 



 
  

Outcome variable Primary hours All hours IHS primary hours IHS all hours Log primary hours Log all hours
(1) (2) (3) (4) (5) (6)

Covariates

–20 4.14*** 4.24*** 0.00 0.00 –0.00 –0.00
(1.31) (1.37) (0.01) (0.01) (0.00) (0.00)

–19 –5.99*** –5.94*** –0.00 –0.00 –0.01*** –0.01***
(1.31) (1.36) (0.01) (0.01) (0.00) (0.00)

–18 14.74*** 15.22*** 0.05*** 0.05*** 0.03*** 0.03***
(1.50) (1.56) (0.01) (0.01) (0.00) (0.00)

–17 –2.79* –2.66* –0.01 –0.01 –0.00 –0.00
(1.53) (1.59) (0.01) (0.01) (0.00) (0.01)

–16 7.25*** 7.89*** –0.00 0.00 0.02*** 0.02***
(1.57) (1.65) (0.01) (0.01) (0.00) (0.00)

–15 6.35*** 7.70*** 0.03*** 0.03*** 0.02*** 0.02***
(1.48) (1.56) (0.01) (0.01) (0.00) (0.00)

–14 20.57*** 21.83*** 0.05*** 0.05*** 0.04*** 0.04***
(1.60) (1.67) (0.01) (0.01) (0.00) (0.00)

–13 20.51*** 21.50*** 0.05*** 0.05*** 0.03*** 0.04***
(1.68) (1.75) (0.01) (0.01) (0.00) (0.00)

–12 –1.10 –0.05 0.00 0.01 –0.01** –0.01**
(1.64) (1.72) (0.01) (0.01) (0.00) (0.00)

–11 21.18*** 22.58*** 0.04*** 0.04*** 0.04*** 0.04***
(1.72) (1.81) (0.01) (0.01) (0.00) (0.00)

–10 0.44 1.38 –0.01 –0.00 0.00 0.00
(1.68) (1.79) (0.01) (0.01) (0.00) (0.00)

–9 20.82*** 23.10*** 0.03*** 0.04*** 0.04*** 0.04***
(1.78) (1.89) (0.01) (0.01) (0.00) (0.00)

–8 6.59*** 9.66*** 0.00 0.01 0.01 0.01**
(1.78) (1.90) (0.01) (0.01) (0.00) (0.00)

–7 5.94*** 7.60*** –0.01 –0.01 –0.00 –0.00
(1.84) (1.94) (0.01) (0.01) (0.01) (0.01)

–6 –2.66 –0.62 –0.02 –0.01 –0.01** –0.01*
(1.78) (1.89) (0.01) (0.01) (0.00) (0.01)

–5 5.35*** 6.79*** –0.01 –0.00 0.00 0.00
(1.86) (1.97) (0.01) (0.01) (0.01) (0.01)

–4 –9.83*** –7.46*** –0.05*** –0.04*** –0.03*** –0.03***
(1.91) (2.03) (0.01) (0.01) (0.01) (0.01)

–3 –10.90*** –7.82*** –0.09*** –0.07*** –0.05*** –0.05***
(2.02) (2.13) (0.01) (0.01) (0.01) (0.01)

–2 –19.51*** –16.98*** –0.12*** –0.10*** –0.05*** –0.04***
(1.91) (1.99) (0.02) (0.01) (0.01) (0.01)

–1 –9.19*** –6.55*** –0.16*** –0.14*** –0.02*** –0.02***
(2.22) (2.30) (0.02) (0.02) (0.01) (0.01)

0 –137.65*** –100.42*** –0.87*** –0.67*** –0.41*** –0.32***
(2.98) (3.10) (0.03) (0.03) (0.01) (0.01)

1 –201.32*** –178.52*** –1.89*** –1.81*** –0.39*** –0.31***
(3.36) (3.64) (0.04) (0.04) (0.01) (0.01)

2 –130.65*** –122.12*** –1.24*** –1.20*** –0.28*** –0.25***
(3.45) (3.55) (0.04) (0.04) (0.01) (0.01)

3 –100.48*** –93.65*** –0.99*** –0.96*** –0.21*** –0.19***
(3.33) (3.42) (0.04) (0.04) (0.01) (0.01)

4 –100.89*** –94.66*** –0.90*** –0.87*** –0.23*** –0.21***
(3.26) (3.35) (0.03) (0.03) (0.01) (0.01)

5 –69.29*** –62.47*** –0.70*** –0.67*** –0.15*** –0.13***
(3.15) (3.22) (0.03) (0.03) (0.01) (0.01)

6 –58.34*** –53.43*** –0.50*** –0.48*** –0.13*** –0.11***
(2.97) (3.03) (0.03) (0.03) (0.01) (0.01)

7 –54.92*** –49.56*** –0.42*** –0.40*** –0.14*** –0.13***
(2.88) (2.95) (0.03) (0.03) (0.01) (0.01)

8 –51.00*** –45.27*** –0.39*** –0.37*** –0.13*** –0.11***
(2.84) (2.92) (0.03) (0.03) (0.01) (0.01)

9 –44.18*** –37.99*** –0.35*** –0.33*** –0.12*** –0.10***
(2.76) (2.84) (0.02) (0.02) (0.01) (0.01)

10 –44.53*** –38.63*** –0.35*** –0.32*** –0.10*** –0.09***
(2.72) (2.79) (0.02) (0.02) (0.01) (0.01)

Table A.2
Estimated effects of displacement on unconditional hours, IHS hours and log hours (from primary employer and all employers)

Quarter since displacement



Table A.2 (continued) 

 
  

Outcome variable Primary hours All hours IHS primary hours IHS all hours Log primary hours Log all hours
(1) (2) (3) (4) (5) (6)

Covariates

Table A.2
Estimated effects of displacement on unconditional hours, IHS hours and log hours (from primary employer and all employers)

Quarter since displacement
11 –47.56*** –33.79*** –0.35*** –0.31*** –0.11*** –0.08***

(2.72) (2.85) (0.02) (0.02) (0.01) (0.01)
12 –38.95*** –34.49*** –0.35*** –0.33*** –0.10*** –0.09***

(2.80) (2.88) (0.02) (0.02) (0.01) (0.01)
13 –47.60*** –39.77*** –0.34*** –0.31*** –0.12*** –0.10***

(2.72) (2.81) (0.02) (0.02) (0.01) (0.01)
14 –38.92*** –33.30*** –0.36*** –0.33*** –0.10*** –0.09***

(2.81) (2.86) (0.03) (0.02) (0.01) (0.01)
15 –41.75*** –35.92*** –0.31*** –0.29*** –0.11*** –0.09***

(2.73) (2.81) (0.02) (0.02) (0.01) (0.01)
16 –36.47*** –30.73*** –0.32*** –0.30*** –0.10*** –0.08***

(2.78) (2.83) (0.02) (0.02) (0.01) (0.01)
17 –36.17*** –28.21*** –0.30*** –0.28*** –0.10*** –0.08***

(2.81) (2.89) (0.02) (0.02) (0.01) (0.01)
18 –30.42*** –25.42*** –0.31*** –0.29*** –0.07*** –0.06***

(2.84) (2.92) (0.03) (0.02) (0.01) (0.01)
19 –40.50*** –34.97*** –0.31*** –0.29*** –0.10*** –0.08***

(2.89) (2.98) (0.03) (0.03) (0.01) (0.01)
20 –41.49*** –35.76*** –0.32*** –0.30*** –0.11*** –0.10***

(3.00) (3.06) (0.03) (0.03) (0.01) (0.01)
21 –39.00*** –31.04*** –0.30*** –0.27*** –0.11*** –0.09***

(3.15) (3.21) (0.03) (0.03) (0.01) (0.01)
22 –37.75*** –33.72*** –0.38*** –0.36*** –0.09*** –0.08***

(3.40) (3.48) (0.03) (0.03) (0.01) (0.01)
23 –43.67*** –38.14*** –0.40*** –0.38*** –0.08*** –0.07***

(3.67) (3.73) (0.03) (0.03) (0.01) (0.01)
24 –41.45*** –37.02*** –0.46*** –0.44*** –0.06*** –0.05***

(4.05) (4.11) (0.04) (0.04) (0.01) (0.01)

Number of quarter-year workers 1,204,782 1,204,782 1,204,782 1,204,782 1,193,583 1,194,002
Number of workers 23,596 23,596 23,596 23,596 23,596 23,596
R-squared 0.113 0.101 0.107 0.102 0.054 0.049

Notes: Same coefficients and standard errors as in Figure 6. Universe consists of displaced and non-displaced workers (JLS-CP definition; see text for details). Standard errors 
clustered by workers are in parentheses (*** p < 0.01; ** p < 0.05; * p < 0.1). Each regression also controls for a worker-specific fixed effect; a vector of quarterly dummies; 
worker’s age and age squared; a vector of gender, race, and education dummies interacted with the worker’s age; logarithm of pre-displacement employer size and 1-digit 
NAICS code in 2007:Q4 interacted with a vector of yearly dummies; a simple average of pre-displacement earnings with the primary employer and an average of pre-
displacement hours with the primary employer, each interacted with a vector of yearly dummies. 



Appendix B: Appendix for the AKM dataset and analysis 

B.1 Construction of the analysis sample 

The raw data for the AKM analysis come from quarterly administrative wage records of 

Washington State for the calendar years 2001–2014. These quarterly reports are submitted by all 

UI-covered employers for the purposes of UI benefit and tax administration. A record appears 

for each employer-worker-quarter combination, and each record includes a year-quarter 

indicator; the ID and NAICS industry code of the reporting employer; and the worker ID, 

earnings, and work hours of the worker with that employer in the specified quarter. Note that the 

availability of quarterly hours worked for each employer allows us to include both full-time and 

part-time workers (and jobs) in the analysis. A worker has as many wage records as he or she has 

employers in a given quarter.  

From these raw data, we obtain the analysis sample following a procedure developed by 

Sorkin (2015). We first select each worker’s primary employer for each quarter. In most cases, a 

worker has only one employer during the quarter, but for about 27 percent of the worker-quarter 

observations, we need to define the worker’s primary employer as the employer from whom the 

worker earned the largest share of his/her earnings in that quarter.1  

We next define an employment spell as a series of at least six consecutive quarters during 

which a worker has earnings from the same primary employer. For each of these spells, we drop 

the first quarter (so as to avoid making inferences about earnings and work hours based on a 

partial quarter of employment) and the last two quarters (to avoid making inferences based on 

earnings and work hours in the quarter before a job loss and the quarter of a job loss).  

                                                
1 This practice follows the existing literature, including Sorkin (2015), but we plan to use observations of workers 
who have multiple employers in a quarter to construct alternative estimates of individual and worker fixed effects. 



We then annualize the remaining quarterly data within each calendar year, conditional on the 

calendar year including at least two consecutive quarters of earnings from the same primary 

employer. Earnings are defined as annualized earnings in a given year with the principal 

employer, and similarly for hours and wage rates. Figure B.1 illustrates the process and gives 

some examples, described in the figure notes. Ultimately, the unit of observation is the worker-

year, with a focus on the primary employer in a year.  

Finally, we impose several restrictions on the sample, dropping the following:  

• workers with more than 9 employers in a year (this affects 1 percent of the sample) 

• workers with annual earnings less than $2,850 (in 2005 dollars) and workers with 

calculated hourly wage rates ≤ $2.00/hour (in 2005 dollars) (Sorkin 2016; CHK 2013) 

• workers who worked fewer than 400 hours in the year2  

• workers who worked more than 4,800 hours in the year  

• employers with fewer than 5 employees in the year (Song et al. 2015) 

Note that the employer in the administrative wage records is the entity from which the state 

collects UI payroll taxes and to which the state charges UI benefits (for the purpose of 

experience rating the UI payroll tax). Typically, the employer is the set of establishments 

operating in Washington under a single owner, so for a company operating entirely in 

Washington (with a single or multiple addresses) the employer is a firm, and for a company with 

one address in Washington, the employer is also an establishment. 

Table B.1 shows summary statistics for the raw data (that is, before imposing the sample 

restrictions described above) and the analysis sample, based on the number of worker-year 

observations for 2002–2014. We show the number of observations in the raw data and in the 

                                                
2 In Washington, 680 hours of work in approximately the previous year are required for UI eligibility. 



largest connected set (see section 3.3). Identification comes from workers changing their primary 

employer between two years, so it is important to know how much mobility there is in the 

sample. Table B.1 shows that there are about 5 million unique workers in the sample and about 

half of those workers change primary employer between year t–1 and year t.  

 

B.2 Employer births and deaths 

An employer ID may disappear if the employer becomes inactive or is acquired by or merges 

with another employer. In the case of a merger or acquisition, the employer’s ID will change—it 

will appear that one employer has “died” and another has been “born.” We cannot distinguish 

between the reorganization and the closing of an employer, but like CHK, we take the view that 

reorganization may imply new employment policies, so it makes sense to treat reorganization as 

creation of a new entity and to estimate a separate (new) employer fixed effect. As CHK point 

out, treating assignment of a new ID to an existing employer leads to a loss of efficiency but no 

bias. That is, if the employer effect on wages does not change, we are estimating the same fixed 

effect twice, rather than once.  

 

B.3 Estimation and variance decompositions 

The AKM model (equation 4 in the main text) is estimated using the data pooled over all years 

for each of three outcomes: log earnings, log hours worked, and log wage rates, as defined 

above. Table B.2 shows the resulting variance decompositions. The variance of each outcome is 

decomposed five components: one due to worker effects, one due to employer effects, one due to 

year effects, one due to the covariance between worker and employer effects (sorting of workers 

and employers), and a residual. (To conserve space, we do not show the worker-year or 



employer-year covariances. These two covariances explain about one percent of the variation in 

each outcome.) The numbers in italics below each variance-covariance term show the share of 

the total variance in each outcome that can be attributed to that component.  

Table B.2 shows that worker fixed effects explain a large share of the variation in all three 

outcomes: 53 percent of the variation in earnings, 47 percent of the variation in work hours, and 

61 percent of the variation in hourly wage rates. This compares with worker fixed effects 

explaining 55 percent of the variation in earnings in Sorkin (2016) (see his Table 1.1, U.S., 

2000–2008) and 51–61 percent of daily earnings in CHK (Table 3, Germany, 1985–2009).  

Nevertheless, employer effects are also important. Table B.2 shows that employer fixed 

effects explain about 19 percent of the variation in earnings, 35 percent of the variation in work 

hours, and 13 percent of the variation in hourly wage rates. This compares with employer fixed 

effects explaining about 22 percent of the variation in earnings in Sorkin (2016) and 18–21 

percent in CHK (Table 3, Germany, 1985–2009).  

Table B.2 also shows that match effects—estimated from a model that regresses each 

outcome variable on worker-employer spell indicators and year effects—appear to be only 

moderately important. The adjusted-R2 from the AKM model for earnings equals about 0.86 

[similar to Sorkin (2016), who obtains an adjusted-R2 of 0.85], whereas the adjusted-R2 from a 

model for earnings that has a match component equals about 0.93. Although the fit is better for 

the match effects model, the difference between the AKM and match-effects models is modest.  

 

B.4 Event studies of inter-employer mobility 

Following CHK, we conduct event studies of how earnings, work hours, and wage rates change 

when workers move from one employer to another. The purpose of these event studies is to infer 



the influence of the employer in the determination of wage rates, earnings, and work hours, 

holding worker fixed-effects constant. For example, we can follow a group of workers who start 

at an employer whose fixed effect (ψ) is in the fourth quartile, and who then move to other 

employers. Some of these “destination” employers will have a high ψ, whereas others will have a 

low ψ, and observing how workers’ earnings, work hours, and wage rates change as a result of 

these moves will provide information about the importance of employers in determining 

earnings, work hours, and wage rates.  

The procedure for constructing these event studies is as follows. For a given outcome 

(earnings, work hours, or wage rates) we classify employers into quartiles by their AKM-

estimated employer fixed effect (ψ). Next, for a given year t, we select workers in each employer 

quartile who have been with the employer at least two years, change employers (i.e., are 

observed with a different employer in year t+1), and remain with the subsequent employer for at 

least two years. Finally, we calculate the average outcome before and after the move for each 

possible type of movement (Q1→Q1, Q1→Q2, ..., Q4→Q3, Q4→Q4).  

Figure B.2 shows the results for eight of the transitions (Q4→Q4, Q4→Q3, Q4→Q3, 

Q4→Q1 Q1→Q4, Q1→Q3, Q1→Q2, Q1→Q1) for log earnings. Figures B.3 and B.4 show 

same transitions for hours worked and log wage rates. (Table B.3 reports the data underlying 

these figures.)  

Several points are worth noting. First, workers who start with a low-ψ (Q1) employer and 

move to a high-ψ (Q4) employer experience a 65 log-point increase in their earnings3 (and 

smaller effects for moves to other higher-ψ employers). Conversely, workers who start with a 

high-ψ (Q4) employer and move to a low-ψ (Q1) employer experience a 49 log-point decrease in 

                                                
3 The change is 55 log points if adjusted by within-quartile change. 



their earnings4 (and smaller effects for moves to other lower-ψ employers). In short, employers 

matter in determining the earnings—upwardly mobile workers improve their outcomes 

conditional on their initial quartile, and downwardly mobile workers have worse outcomes 

conditional on their initial quartile. This tends to support the premise of the AKM approach.  

Second, the pattern of movement suggests sorting of lower-ψ workers to lower-ψ employers 

and of higher-ψ workers to higher-ψ employers. For example, before the move, workers with the 

highest-ψ employers are stratified by the type of employer to which they move—those who 

move to other high-ψ employers have the higher pre-move earnings than moving to lower-ψ 

employers.  

Third, the average worker who moves from one Q1 employer to another Q1 employer 

experiences no pay change; and similarly for workers who move Q4→Q4, Q2→Q2, and 

Q3→Q3. The implication is that idiosyncratic matches are not of great importance; if they were, 

Q1 workers would be observed moving strategically to other Q1 employers—that is, moving to 

other Q1 employers and increasing their earnings as a result—and similarly for Q2→Q2, 

Q3→Q3, and Q4→Q4. Note that such within-quartile transitions provide a kind of 

counterfactual: workers who do not move have the same α and ψ, so we would expect their time-

paths of earnings, hours, and wages to be essentially flat. Figure B.1 suggests this is the case.  

Fourth, the approximate symmetry of changes suggests that workers do not necessarily 

change jobs in order to obtain a pecuniary return. Rather, they may be moving to obtain some 

non-pecuniary benefit or compensating differential (Sorkin 2016). Fifth, all three outcome 

variables show slight pre- and post-transition trends, although the trends do not vary by quartile 

group.  

  
                                                
4 The change is 58 log points if adjusted by within-quartile change. 



Figure B.1 
Construction of the analysis sample 
 

 
 
Notes: The figure shows three hypothetical employment spells with three different employers 
(Er1, Er2, and Er3), each of which has the minimum six quarters required to be included in the 
analysis sample. The first two and last two quarters of each employment spell (denoted by ×) are 
dropped from the analysis, and outcomes from the remaining quarters are then annualized for 
each calendar year, conditional on the calendar year including at least two consecutive quarters 
of earnings from the same primary employer. For example, outcomes for 2005 (Employment 
spell 1) and 2008 (Employment spell 3) are obtained by summing the outcomes for the second 
and third quarters of 2005 (or 2008) and multiplying by two. (The quarters used in the 
calculations are denoted by R.) Outcomes for 2006 and 2007 (Employment spell 2) are excluded 
because neither year includes two consecutive quarters that can be used under the selection 
criteria (that is, after excluding the first two and last two quarters of each employment spell). As 
a result, the data from 2006:Q4 and 2007:Q1 (denoted by S) are not used.  
 
  

Er1 Er1 Er1 Er1 Er1Er1

2006 2007

Er2 Er2

2005

Er2Er2 Er2 Er2

Employment spell 1

Er3 Er3 Er3Er3 Er3 Er3

Employment spell 2 Employment spell 3

2008

× × × × × × × × × × × ×S S"RR R R



Figure B.2  
Mean log earnings of movers, classified by quartile of AKM employer earnings effects (ψ) at 
origin (year = –1) and destination (year = 0) establishment 
 

 
 
 
Figure B.3  
Mean log hours of movers, classified by quartile of AKM employer hours effects (ψ) at origin 
(year = –1) and destination (year = 0) establishment 
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Figure B.4 
Mean log hourly wage rates of movers, classified by quartile of AKM employer wage rate effects 
(ψ) at origin (year = –1) and destination (year = 0) establishment 
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Table B.1

Full Sample Full sample Largest connected set

Number of worker/year observations 34,420,858 34,297,792

Number of workers 5,217,897 5,188,789
Number of employers 328,913 253,415
Number of movers 2,672,389 2,510,270
Log earnings (mean) 10.386 10.387
Log work hours (mean) 7.391 7.392
Log hourly wage rate (mean) 2.995 2.995

Summary statistics for the overall sample and the largest connected set ("AKM 
dataset")

Time interval

Source: Authors' tabulations of Washington administrative wage records, 
2001–2014 



 
 
  

Total variance
Worker FEs 

(α)
Employer FEs 

(ψ) Year FEs (βx) 2cov(!,ψ) Residual Adj. R2 RMSE Adj. R2 RMSE

0.653 0.347 0.127 0.006 -0.105 0.077 0.859 0.303 0.928 0.217
0.531 0.194 0.009 -0.161 0.119

0.159 0.075 0.055 0.000 -0.023 0.052 0.611 0.249 0.780 0.187
0.472 0.345 0.002 -0.144 0.327

0.409 0.250 0.052 0.004 0.060 0.050 0.856 0.243 0.925 0.175
0.611 0.128 0.009 0.146 0.121

Table B.2
Variance decomposition of log earnings, log work hours, and log hourly wage rates
(total variance shares accounted for by each component in italics)  

Variance of outcome and decompostion into components

Notes: The AKM model used to compute these decompostions includes year fixed effects. Because these year fixed effects explain only about 1 percent of the variation and have very low 
correlations with the other covariates, they are omitted from the table. The match effects model is estimated by regressing each outcome variable on worker-firm indicators and year indicators. 

Match effects model fit

Log earnings

Log hourly wage rate

Log work hours

Source: Authors' tabulations of Washington administrative wage records, 2001–2014 

Outcome/time period

AKM model fit



 

Origin/destination quartile Year –2 Year –1 Year 0 Year 1
Change from year –2 to 

year 1
Adjusted change from 

year –2 to year 1a Number of observations
1 to 1 9.77 9.78 9.82 9.87 0.10 0.00 294,182
1 to 2 9.83 9.86 10.06 10.12 0.29 0.19 145,862
1 to 3 9.82 9.87 10.21 10.28 0.47 0.36 90,530
1 to 4 9.90 9.97 10.46 10.55 0.65 0.55 44,120
2 to 1 10.14 10.12 10.03 10.07 -0.07 -0.13 113,764
2 to 2 10.30 10.30 10.33 10.36 0.06 0.00 203,146
2 to 3 10.35 10.36 10.48 10.53 0.19 0.12 133,764
2 to 4 10.38 10.41 10.69 10.76 0.38 0.32 65,944
3 to 1 10.31 10.25 9.96 10.03 -0.28 -0.34 36,418
3 to 2 10.51 10.49 10.43 10.46 -0.05 -0.11 103,614
3 to 3 10.64 10.65 10.68 10.70 0.06 0.00 266,782
3 to 4 10.71 10.73 10.87 10.91 0.21 0.15 131,912
4 to 1 10.66 10.60 10.09 10.17 -0.49 -0.58 16,192
4 to 2 10.74 10.71 10.45 10.50 -0.24 -0.33 35,282
4 to 3 10.85 10.84 10.75 10.79 -0.06 -0.16 96,586
4 to 4 11.12 11.15 11.18 11.21 0.09 0.00 366,130

2,144,228

Origin/destination quartile Year –2 Year –1 Year 0 Year 1
Change from year –2 to 

year 1
Adjusted change from 

year –2 to year 1a Number of observations
1 to 1 7.23 7.18 7.21 7.24 0.02 0.00 270,932
1 to 2 7.26 7.20 7.39 7.44 0.18 0.16 166,552
1 to 3 7.21 7.15 7.49 7.54 0.32 0.31 94,988
1 to 4 7.21 7.13 7.57 7.62 0.41 0.39 61,316
2 to 1 7.40 7.34 7.19 7.25 -0.15 -0.16 97,768
2 to 2 7.47 7.42 7.44 7.47 0.00 0.00 192,996
2 to 3 7.47 7.41 7.52 7.56 0.09 0.09 162,594
2 to 4 7.45 7.38 7.58 7.63 0.18 0.17 88,978
3 to 1 7.52 7.44 7.17 7.22 -0.29 -0.29 44,514
3 to 2 7.55 7.49 7.42 7.48 -0.08 -0.07 111,714
3 to 3 7.56 7.51 7.53 7.56 0.00 0.00 255,880
3 to 4 7.56 7.50 7.59 7.62 0.06 0.07 147,918
4 to 1 7.62 7.53 7.13 7.19 -0.43 -0.44 25,268
4 to 2 7.63 7.55 7.39 7.45 -0.18 -0.19 52,612
4 to 3 7.62 7.57 7.51 7.55 -0.06 -0.07 149,464
4 to 4 7.65 7.63 7.63 7.66 0.01 0.00 220,734

2,144,228

Origin/destination quartile Year –2 Year –1 Year 0 Year 1
Change from year –2 to 

year 1
Adjusted change from 

year –2 to year 1a Number of observations
1 to 1 2.42 2.46 2.46 2.47 0.04 0.00 293,118
1 to 2 2.53 2.60 2.71 2.71 0.18 0.14 178,180
1 to 3 2.55 2.63 2.85 2.85 0.30 0.26 121,650
1 to 4 2.62 2.68 3.10 3.11 0.49 0.45 62,392
2 to 1 2.69 2.76 2.64 2.64 -0.05 -0.11 164,958
2 to 2 2.81 2.87 2.87 2.87 0.06 0.00 221,818
2 to 3 2.87 2.93 3.02 3.02 0.15 0.09 180,864
2 to 4 2.88 2.94 3.21 3.20 0.33 0.27 87,250
3 to 1 2.85 2.92 2.67 2.68 -0.17 -0.24 79,968
3 to 2 2.96 3.02 2.92 2.92 -0.03 -0.10 149,114
3 to 3 3.05 3.12 3.12 3.12 0.07 0.00 264,576
3 to 4 3.14 3.21 3.37 3.36 0.21 0.15 165,686
4 to 1 3.15 3.24 2.76 2.77 -0.38 -0.47 35,852
4 to 2 3.20 3.28 2.96 2.97 -0.22 -0.31 59,634
4 to 3 3.30 3.38 3.21 3.22 -0.08 -0.17 142,318
4 to 4 3.52 3.60 3.62 3.61 0.09 0.00 409,084

2,616,462

Table B.3 Mean outcomes, classified by quartile of AKM employer

Notes: a. Adjusted change is the change from year –2 to year 1, minus the within-quartile change from year –2 to year 1. 

Panel B: Mean log hours worked of movers, classified by quartile of AKM employer hours effect at origin (year=-1) and destination (year = 0) employer

Notes: a. Adjusted change is the change from year –2 to year 1, minus the within-quartile change from year –2 to year 1. 

Panel A: Mean log earnings of movers, classified by quartile of AKM employer earnings effects at origin (year = –1) and destination (year = 0) employer

Notes: a. Adjusted change is the change from year –2 to year 1, minus the within-quartile change from year –2 to year 1. 

Panel C: Mean log hourly wage rate of movers, classified by quartile of AKM employer wage effects at origin (year = –1) and destination (year = 0) employer


