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The Link between Human Capital,
Mass Layoffs, and Firm Deaths

John M. Abowd, Kevin L. McKinney, and Lars Vilhuber

12.1 Introduction

The fairly sizable economics literature on displaced workers has typi-
cally concentrated on the effects of displacement on worker outcomes (An-
derson and Meyer 1994; Bowlus and Vilhuber 2002; Fallick 1996; Jacob-
son, LalLonde, and Sullivan 1993b; Kletzer 1998; Kuhn and Sweetman
1998; Ruhm 1994; Schoeni and Dardia 1996; Stephens Jr. 2002), which is
also an important subject in the field of Human Resource Management
(Davis, Savage, and Stewart 2003; Grossman 2002). The analysis typically
occurs at the level of a single plant or a sample of workers, for whom the
displacement event itself is a given. A mostly separate and distinct litera-
ture considers the causes of firm or plant exit (death), and reductions in
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employment levels (downsizing) (Audretsch 1994; Bernard and Jensen
2002; Davis, Haltiwanger, and Schuh 1996; Dunne and Roberts 1990;
Dunne, Roberts, and Samuelson 1988; Haltiwanger, Lane, and Spletzer
2007; McGuckin and Nguyen 1995, 2001). The usual explanatory variables
for firm exits are size, age, innovations (Audretsch 1994; Dunne, Roberts,
and Samuelson 1988), market structure, and efficiency (Foster, Halti-
wanger, and Krizan 1998, 2002; Kletzer 1998). Few authors explicitly link
the micro-level movement of workers with death and downsizing at either
the plant or firm level. Notable exceptions are Abowd, Corbel, and Kra-
marz (1999), Lengermann and Vilhuber (2002), and Carneiro and Portu-
gal (2003), which we will describe shortly.

There are many reasons employers use mass layoffs. They are not syn-
onymous with the death of an establishment or firm. In our data, 55 per-
cent of firms that have one displacement event between 1993 and 1996 are
still alive in 1997. Conversely, if the decline in size is gradual, a firm death
may not result in a displacement event.

Abowd, Corbel, and Kramarz (1999) have previously investigated
worker and job flows for establishments with declining employment, and
Lengermann and Vilhuber (2002) considered the distribution of worker
skill levels in flows out of firms prior to displacement events. Both find that
there are changes in such flows relative to alternate establishments (estab-
lishments with stable or increasing employment, or the same establish-
ments in prior periods), but neither address the point specifically as a po-
tential latent cause of displacement.

In the absence of a direct measure of worker skills, the literature has used
wages as both a proxy for skills and as a cost component. Dunne and
Roberts (1990), Bernard and Jensen (2002), and Carneiro and Portugal
(2003) consider the determinants of wages and the effects on plant closures
(Bernard and Jensen 2002; Dunne and Roberts 1990) or displacement
events (Carneiro and Portugal 2003). Dunne and Roberts (1990) find that
higher-paying firms have a significant, but economically small increase in
the likelihood of plant failure. One postulated explanation for this small
effect is that plants with higher wages also have a more productive work-
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force. In contrast to Dunne and Roberts (1990), Bernard and Jensen (2002)
found that plants paying above-average wages have a lower likelihood of
exiting. One plausible explanation for this result is that these firms use
above-average human capital. Our analysis directly addresses this issue by
deriving a measure of general (nonfirm-specific) human capital and using
it instead of, or in addition to, wages.

Closest in spirit to our analysis is Carneiro and Portugal (2003), who es-
timate simultaneous plant failure and wage determination equations for
Portugal. Their measures of human capital are the usual right-hand side
variables in a Mincerian wage equation (education, age, tenure), but they
do not include a measure of the physical capital of the firm. Furthermore,
plant layoff'is estimated as an event at the individual level. The distribution
of human capital within the firm is not taken into account.

In this chapter, we correlate firm-level measures of human and physi-
cal capital (capital intensity), as well as measures of efficiency (sales per
worker) with displacement events. We differ from the literature in our use
of a measure of human capital, rather than a direct measure of wages, and
we consider the effect of the distribution of human capital within a firm on
both displacement and firm-death outcomes.

Based on methods first developed in Abowd, Lengermann, and McKin-
ney (2002), we estimate a measure of human capital, based on observed
and unobserved worker ability. Using this measure, we estimate firm-
specific distributions, which allows us to consider the impact of differ-
ences in the use of human capital across firms on outcome variables. We
identify displacements from quarterly worker flows, and merge data on
firm performance and capital from Economic Censuses. Firms active in
our data in 1992 are classified as survivors or exiters, depending on their
activity in 1997. This set of companies is then cross-classified by whether
or not they have experienced a single mass layoff, or multiple displace-
ment events.

To anticipate our results, single displacement events occur substantially
more often in firms that employ more workers in the lowest quartile of the
human capital distribution. Firm closures occur substantially more often
in firms that disproportionately employ workers in the lowest quartile of
the human capital distribution and less often in firms that employ relatively
more workers in the highest quartile of this distribution. Conditioning the
firm closure analysis on the displacement event, our analysis suggests that
firms that disproportionately employ workers in the highest quartile of the
skill distribution are less likely to close, even given a displacement event,
than are other firms that experience displacement events.

The chapter is organized as follows. Section 12.2 lays out the basic defi-
nitions of human capital and displacement as used throughout our chap-
ter. Section 12.3 describes the data used, section 12.4 provides results, and
section 12.5 concludes.
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12.2 Definitions

The definitions of economic activity, human capital, and mass layoff are
obviously crucial for our analysis. In this section we consider each concept
in turn, state our definition, and relate our measure to alternatives that
have been used by others.

12.2.1 Defining Economic Activity

Economic activity of firms in our sample is defined by the observation of
positive employment in the Longitudinal Employer-Household Dynamics
(LEHD) Infrastructure files in 1992. Survivors are those firms that are still
active, by the same definition, in 1997. Additional data are matched from
the Economic Census in 1992 and 1997, when available. This universe is es-
sentially the ES-202 establishments that were alive in 1992 (positive em-
ployment), which are the basis for the LEHD Infrastructure File known as
the Employer Characteristics File (Abowd et al., chapter 5 in this volume).
An alternative frame might have been either the Economic Census frame,
in which case some establishments in-scope but missing from the LEHD
Infrastructure Files would have missing human capital data.

12.2.2  Defining Human Capital

We provide a brief overview of our approach in this section. For a more
complete discussion of the definition of the within-firm human capital dis-
tribution, and of human capital itself, see Abowd, Lengermann, and
McKinney (2002). Assume human capital H, has a market-return (average
rental rate) r,. The wage is w, = r,H,,, where i indexes persons and ¢ indexes
time. Individual firms might deviate from r, paying r,p, with E[p,] = 1,
where j indexes employers. Assume that a person-specific component (6,)
and a general experience component (X, [3) are important factors deter-
mining the accumulation of human capital. Then, taking logarithms, we

haveIn H, = 6, + X, . We thus obtain the following model of earnings
(1) Inw,=Inr, +y,+6,+ X,

where y; = In p,. Deviating w, and X, from the grand mean across individ-
ual and time periods produces the estimating equation:!

(2) Inw,=6,+y +X,B+e,

where 6, is the person effect, y, is the firm effect, and X, are time-varying
person characteristics (such as experience), and ¢, is the statistical re-
sidual.

To compute a measure of a person’s human capital, we combine the es-

1. See Abowd, Creecy, and Kramarz (2002) for details. We have not changed the notation
for the wage rate or the experience variables since subtracting a constant is just a technique
for imposing one of the identification requirements for the estimation of both person and firm
effects.
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timated person effect é,., the experience components (after restoring the
mean of X,) of person characteristics X, 3, and the reference constant & to
compute

3) h,=6+XpB+5.

Because the estimated person effect (é,.) absorbs all the usual time-invariant
explanatory factors (such as sex, education, and age at first entry) and also
absorbs all unobserved (by the analyst) time-invariant factors, such as in-
nate ability, /1, corresponds to the concept of general human capital.

Once i, is computed, we estimate firm-level kernel density estimates of
its distribution, yielding a firm-specific distribution of human capital
g,(h,), and

o
@) G (h) = ng,.,(x)dx

where H and E define the support of h. To obtain discrete measures, we
partition [ H, H] into 4 subsets, and calculate the population quartiles g,
implicitly defined by

ok
®) G(q) = fH g(x)dx =k-0.25

where k = 1, 2, 3, 4. For each firm, we then calculate the proportion of
workers who have human capital within the ranges defined by the overall
population quartile boundaries g% for for k = 1, 2, 3, 4.

6) L,k = G(¢}) — G(g}-)).

These employer-level measures summarize the complete distribution of
workers’ human capital at the establishment. Similar measures I'(k) are
computed for the experience (X,.[f?)) and estimated person effect (é,.) distri-
butions within the firm.

While our firm-level human capital measure is obviously related to wage
rates, it is important to note that its distribution is different from the dis-
tribution of wage rates at the establishment at a point in time. By remov-
ing the firm effects and the idiosyncratic residuals from the labor market
distribution of 4, from which we measure the reference quartile points,
between-firm differences in compensation policy, which might be due to
specific human capital or other active compensation policies, are removed
from the human capital measure. Generally, such effects are included in
within-firm wage dispersion measures used by other authors (e.g., Gib-
bons et al. 2005; Lluis 2005).

12.2.3 Defining Mass Layoffs

In keeping with the previous literature on the impact on workers of mass
layoffs (Bowlus and Vilhuber 2002; Jacobson, La Londe, and Sullivan
1993a, 1993b; Schoeni and Dardia 1996), we define a mass layoff in period
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t as a 30 percent single-period drop in employment from firm j’s maximum
employment level over the observed time period:

Si
max
Bf

@) D,=1if >0.3

where By = max, B, over the time period that firm j is in the sample with
positive employment. Firm j’s beginning-of-quarter employment, B, is a
point-in-time measure derived by summing over workers employed at the
firm in both period 7 — 1 and 7. Worker separations from firm j are S, (i.e.,
workers that worked for the firm in period ¢ but are no longer observed on
the payroll in period ¢ + 1). Note that in our analysis, all firm deaths are
classified as displacements. However, they may not involve mass layoffs.
On the other hand, among survivors, some firms experienced mass layoffs,
and some did not.

Due to some limitations of the administrative data used for this chapter,
a naive use of the mass layoff equation (7) will overstate mass layoffs by
some margin.? In order to reduce the impact of spurious events, we take
particular care to exclude firms that either change identity or who continue
to operate, yet fail to file a firm report.

The firm identifier underlying all of our analysis is a state-specific Un-
employment Insurance account number, whose primary purpose is to fa-
cilitate the administration of a state’s unemployment insurance system.
These account numbers can and do change for reasons such as a simple
change in legal form or merger. In our analysis, the separation of a worker
from a firm is identified by a change in the firm identifier on that worker’s
wage records. If a firm changes account numbers, but makes no other
changes, the worker would seem to have left the original firm, when in fact
his employment status remains unchanged. Thus, a simple change in ac-
count numbers would lead to the observation of a mass layoff at the firm
associated with the original account number.?

To identify spurious employer birth and death events, we track large
worker movements between firms. Benedetto et al. (2007) provide an anal-
ysis for one particular state of such an exercise using LEHD data. For this
chapter, if we observe 80 percent of a firm (the predecessor) moving to a
single successor, then we eliminate the displacement event. The assump-
tion is that such a movement is associated not with a layoff, but a reorgan-
ization, a takeover, or some similar event. Similarly, if we observe that 80
percent of a successor’s employment stems from the same predecessor,
then a displacement event is also eliminated.

2. Abowd and Kramarz (1999) and Vilhuber (forthcoming) provides an overview over sev-
eral approaches to correcting the weaknesses of administrative data sets. Abowd and Vilhu-
ber (2005) discuss one particular weakness, a corrective measure, and the impact it has on ag-
gregate statistics, including on measures similar to the mass layoffs of interest in our chapter.

3. Other authors working with administrative data have also addressed this problem in sim-
ilar ways (see Anderson and Meyer 1994 and Jacobson, Lal.onde, and Sullivan 1993a).
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A second, not uncommon, event observed in administrative data is the
failure of a firm to file a timely report. In general, such an absence will trig-
ger a follow-up by the state administration, since tax payments are linked
to the report. However, for multiple reasons, the corrected or late filing by
the firm may not get entered into the database transmitted to LEHD. The
result is a hole in the firm’s activity.

Holes, however, are precisely what would also be observed if a firm laid
off its entire workforce for more than a quarter—a mass layoff—and hired
them or other workers back later. The approach we have taken to distin-
guish data-related holes from true layoffs is the following. Consider the
different employment path of an individual i at some firm j. Define time A
to be the elapsed fraction of a quarter ¢, A € [0, 1]. If the individual left the
firm at some point 0 < A\ < 1, then observed earnings E, will be E,, = \e,,,
where e, is the quarter ¢ wage rate for individual i. If the individual worked
for the entire quarter, then observed earnings will be E, = e,,. We do not ob-
serve \, but assume that the quarterly wage rate is constant (e, = e,,), where
0 is some baseline period, typically a prior quarter within the same job his-
tory. Compute AE, = E,/E,. Then AE, = 1 implies A = 1. On the other
hand, if AE, < 1, then the worker left at some time N < 1.

Now compute the average, AF for all workers within a firm j at date ;
that is,

AE = ( > AEiT>/(21[j = J(i,t)])
ie J(i,t) i

where J(i,z) is a function giving the identity, j, of the firm employing i at
date ¢ (Abowd, Kramarz, and Margolis 1999). Now consider if AE7 = 1
(i.e., the average ratio of earnings is equal to unity). It is unlikely that all
workers leave the firm at the same time, except, of course, if a mass layoff
occurs. It is, however, even more unlikely, though not impossible, that that
mass layoff occurs on the last day of the quarter, which is what AE/ = 1 im-
plies. Suppose further that no employment is observed at firm j in period
t + 1, but positive and large employment is observed in period ¢ + 2, with
AE7,, =1 as well. This hole is very unlikely to occur under normal cir-
cumstances—it implies that a/l workers left the firm at the end of quarter
t, and all workers started working again on the first day of quarter 7 + 2. It
is, however, the data pattern that is expected when a firm neglects to file all
worker records for quarter ¢ + 1. We consider mass layoff events that are
synchronous with such holes to be data artifacts, not true layoff events, and
we filter them out.

12.3 Data

To estimate the impact of displacement, we use data from three states,
California, Illinois, and Maryland, covering the time period 1990 to 2003.
The data used to estimate the human capital model and to identify firm
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displacement events are derived from the LEHD Infrastructure Files. The
LEHD Infrastructure Files provide a worker’s quarterly earnings history,
basic demographic information, and, most importantly, identify a person’s
employer. The fact that we know the history of the firm and the employees
at that firm over time allows us to estimate displacement events as well as
provide a richer characterization of the employees at the firm.

The human capital estimates (equation 2) are calculated using data from
the LEHD infrastructure files for the twenty-two states available as of No-
vember 30, 2004. Once the estimates have been produced, we select work-
ers employed in California, Maryland, and Illinois during 1992 and/or
1997. In order to get a snapshot or point-in-time measure of the human
capital at the firm, we further restrict our analysis to workers employed at
the end of quarter 1 (a date that roughly coincides with the collection of
Economic Census data). Finally, we only keep workers between the ages of
18 and 70, with earnings during the quarter of greater than $250.00.

Additional information, such as a firm’s sales and capital stock, is gath-
ered from the 1992 and 1997 Economic Censuses. Capital stock is only
available for the manufacturing sector. Sales variables are available only for
a subset of firms. At the time we were preparing this version, the 2002 Eco-
nomic Census was not available, although we expect to use these data in the
future. Because of our desire to incorporate information from the Eco-
nomic Censuses, we will only directly analyze individuals and firms during
the period 1992 to 1997, even though the human capital estimates are cal-
culated using data for the full time period.

Due to the dynamic nature of the U.S. economy it is difficult to differen-
tiate normal flows of employment from displacements for smaller firms.
For example, a firm with ten employees that has three workers leave during
the quarter would be classified as having a displacement under our stan-
dard definition, even though three workers leaving a firm in the same quar-
ter is not a particularly unusual event. In order to focus our analysis on
large displacement events, we limit our sample to firms that average at least
fifty workers across the entire time period.

The firm-level displacement database contains indicators for all dis-
placement events that occur during three time periods: 1992, 1993 to 1996,
and 1997. We select a sample of firms that were active during 1992. Firms
still present in 1997 are survivors, otherwise firms are called exiters. This
sample differs from Abowd, Lengermann, and McKinney (2002), where
firms entering the sample between 1992 and 1997 were also included. We
do not impose any restrictions on the incidence of displacement events
during either 1992 or 1997, although the effect of this decision is worthy of
further exploration. Firms are classified as to whether they experienced
zero, one, or multiple displacement events in the years 1993 to 1996. Cross-
classifying this grouping with exit status yields the six different types of
firms we focus on in this chapter.
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12.4 Analysis

The incidence and magnitude of displacement events in our data are
shown in table 12.1. About 70 percent of the nearly 50 thousand firms in our
sample never experience a displacement event between 1993 and 1996. On
the other hand, 15 percent experience multiple displacement events over the
same period, with the remaining firms experiencing a single event over the
period. These groups turn out to be analytically distinct. For most of our
analysis we will concentrate on the comparison between firms experiencing
zero and one displacement events. However, multiple-displacement firms
are a group that remains of interest for this research. A more detailed char-
acterization of the excluded multiple-displacement group can be found in
the appendix.

About 18 percent of firms die between 1992 and 1997 and, in line with
our intuition, firms experiencing a single displacement are much more
likely to die, as shown by row two of table 12.2. In this respect, firms with
multiple displacements are very similar to firms that experience no dis-
placement at all, suggesting that most firms with multiple displacements
structure the firm with the expectation that a sequence of large demand
shocks will occur. In general, firms with no displacements are bigger both
in terms of their workforce as well as in terms of total sales and sales per
worker (when available). In terms of their per-worker capital stock (avail-
able for manufacturing firms) firms with no displacement events and firms
with multiple displacements are very similar. Single displacement firms
have a lower capital intensity than either of the other two groups.

Turning to the distribution of human capital, firms with displacement
events have an above-average fraction of their workforce in the lower skill
(8) and human capital (%) distribution I'(1), at the expense of the upper tail
of the distribution I'(4). In general, the human capital seems to be shifted
further to the left the more displacement events a firm has.

Table 12.1 Displacement and survival among 1992 firms

Displacement events

Firm type 0 1 Multiple Total

Exiters 4,575 3,364 1,098 9,037
50.63 37.22 12.15 18.65
13.61 45.18 14.86

Survivors 29,045 4,082 6,291 39,418
73.68 10.36 15.96 81.35
86.39 54.82 85.14

Total 33,620 7,446 7,389 48,455

69.38 15.37 15.25 100.00




Table 12.2

Characteristics of sample firms in 1992

Displacement events

Variable 0 1 Multiple
N2 33,620 7,446 7,389
Exiters 0.1360 0.4517 0.1485
(0.3428) (0.4977) (0.3557)
Month 3 employment 277.92 210.83 188.66
(1,371.33) (757.27) (519.69)
Max lifetime beginning-of-period employment 432.80 314.75 358.21
(1,719.46) (961.78) (925.10)
Sales/workers 2327 166.2 91.1
(1000$) (1,243.6) (553.2) (178.1)
Cap stock/worker 75.6 68.5 72.1
(1000$) (142.5) (122.3) (191.2)
Total receipts 47,671.5 33,927.8 15,968.6
(1000$) (283,177.7)  (209,670.7)  (68,518.7)
I'(1) for i, 0.2454 0.2973 0.3685
(0.1525) (0.1719) (0.1730)
I'() for i, 0.2422 0.2484 0.2527
(0.0831) (0.0808) (0.0787)
I'(3) + I'(4) for h, 0.5122 0.4541 0.3786
(0.1938) (0.2085) (0.2063)
I'(4) for h; 0.2689 0.2288 0.1859
(0.1590) (0.1607) (0.1573)
I'(1) for experience 0.2551 0.2819 0.3460
(0.1308) (0.1491) (0.1833)
I'(2) for experience 0.3009 0.2951 0.2775
(0.0570) (0.0600) (0.0659)
I'(3) + I'(4) for experience 0.4439 0.4228 0.3764
(0.1332) (0.1399) (0.1527)
I'(4) for experience 0.2861 0.2755 0.2494
(0.1016) (0.1039) (0.1102)
I'(1) for 6 0.2499 0.2945 0.3381
(0.1521) (0.1683) (0.1621)
I'(2) for 6 0.2392 0.2407 0.2453
(0.0809) (0.0751) (0.0715)
I'(3) + I'(4) for 6 0.5108 0.4646 0.4165
(0.1852) (0.1944) (0.1889)
I'(4) for 6 0.2688 0.2352 0.2060
(0.1575) (0.1542) (0.1474)
Agriculture, forestry, fisheries, mining 0.0199 0.0396 0.1050
(0.1403) (0.1960) (0.3070)
Construction industries 0.0431 0.0829 0.0814
(0.2032) (0.2758) (0.2735)
Manufacturing 0.2315 0.1720 0.0581
(0.4218) (0.3774) (0.2341)
Transportation, communications, and utilities 0.0516 0.0449 0.0249
(0.2212) (0.2072) (0.1558)
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Table 12.2 (continued)

Displacement events

Variable 0 1 Multiple

Wholesale trade 0.1027 0.0710 0.0274
(0.3036) (0.2569) (0.1634)

Retail trade 0.1160 0.1817 0.2722
(0.3202) (0.3856) (0.4451)

Finance, insurance, and real estate 0.0839 0.0564 0.0179
(0.2773) (0.2307) (0.1329)

Service industries 0.3257 0.3349 0.3920
(0.4686) (0.4720) (0.4882)

Public administration 0.0251 0.0161 0.0205
(0.1566) (0.1259) (0.1419)

aAll cells correspond to the number of observations in line 1, except for “Sales per worker”
(26,273/5,761/5,473), “Capital stock per worker” (6,720/1,045/346), and “Total receipts”
(26,353/5,790/5,493).

While firms with multiple displacements differ in their observable char-
acteristics from firms in other categories, they do not seem to die as often
as firms with singe displacements (row two of table 12.2). In other words,
they seem to be stable firms with highly volatile, possibly seasonal, work-
force fluctuations (see also the discussion in the appendix). Although it is
worthwhile to try to further disentangle the correlates of the highly volatile
employment patterns, in the remainder of this chapter we will concentrate
on firms with zero or one displacement event.

12.4.1 The Probability of Displacement

The summary data in table 12.2 suggest that firms with a single dis-
placement event are more likely to die. They also have distinct observable
characteristics prior to the displacement event. To disaggregate some of
the possible causes of displacement events, we specify a univariate probit
model:

®) Pr(DW,=1]Y) = ®BY)

where DWW is equal to one when firm j experienced a displacement event in
the eligible period (in this chapter, between 1993 and 1997). We include in
Y, measures of the firm’s human and physical capital or capital intensity (if
available), sales per worker (worker productivity), and indicators of firm
structure (multi- or single-unit). Also, Y, includes industry level variables
for firm j’s primary SIC: the concentration index or unrestricted industry
effects.

We estimate equation (8) for all firms active in 1992. Table 12.3 presents
the results for the firm performance and human capital variables. Columns
(1) through (6) report results for the sample of firms for which complete
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sales and assets information is available. This specification is similar to
others in the literature (Bernard and Jensen 2002; Carneiro and Portugal
2003; Dunne and Roberts 1990) but is not representative of all firms in our
sample.

Column (1) is a simple specification that correlates sales and assets per
worker to the likelihood of a displacement, conditional on unrestricted in-
dustry and geography effects. Both firm performance variables are signifi-
cant. However, in column (2), the addition of worker demographics re-
duces the effect of the firm performance variables, and neither is significant
at conventional significance levels. Although not reported in the table, the
estimated coefficients on worker characteristics suggest that firms with a
predominantly male workforce, with more part-time workers, and with an
older workforce are all more likely to have a displacement event. In column
(3), we replace the observable workforce characteristics with I'(1), I'(2),
and I'(4). Note that the only significant variable is I'(1), a measure of how
much of the workforce is in the lower tail of the skill distribution. A larger
fraction of a firm’s workforce being in the lower tail of the skill distribution
in 1992 increases the likelihood of a displacement event in the next five
years. This result remains robust to the introduction of observable work-
force characteristics in column (4). Thus, it would seem that the distribu-
tion of human capital captures a significant amount of the productivity
factors that affect the incidence of mass layoffs.

As noted previously, the sample of firms with complete sales and asset
information is not representative of the full sample. Columns (5) and (6)
test specifications that successively eliminate the sales and assets variables
for the same sample as in columns (1) and (4). The impact on the coefficient
on I'(1) is negligible.

In table 12.4, we widen the sample selection criteria in two ways. First,
we expand the sample to include all firms that have available sales data but
do not necessarily have available capital intensity data. The sample in-
creases to 25,236 firms. The specification in columns (1) and (2) in table
12.4 corresponds to the one in columns (5) and (6) in table 12.3 estimated
for the new sample. In the wider sample, sales per worker still has a signif-
icant impact on the incidence of displacement events. The effect of the
lower tail of the human capital distribution is reduced, although still highly
significant. Whether this result is due to greater homogeneity in the table
12.3 sample or some other factor remains to be explored. Dropping the
sales variable in column (2) of table 12.4 increases the absolute value of the
I'(4) coefficient, suggesting that in this sample, there is some correlation be-
tween sales per worker and the human capital intensity in the firm.

In order to control for local market effects, we fully interacted geography
and industry effects, allowing industries in each state to have different
effects. As the results in columns (3) and (4) illustrate, this has no mean-
ingful impact on the results.
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Table 12.4 Probability of displacement, other industries
Variable (€))] 2) 3) “4) (5) (6)
Cap stock/worker — — — — — —
Sales/workers —0.065 *** — —0.0609 *** — — —
(0.013) — (0.013) — — —
I'(1) for h; 11265 %% 1.2492 ##% ], 149 *#% 12665 ***  1.3658 *#*+  1.376 ***
(0.1355) (0.1332) (0.1361) (0.1338) (0.0998) (0.1002)
I'(2) for i, -0.167 -0.1716 —-0.1346 -0.1361 -0.2192 —0.1994
(0.2344) (0.2342) (0.2351) (0.235) (0.1746) (0.1754)
I'(4) for h; -0.2303 —-0.35 %% -0.2627 -0.3738 **  -0.1302 -0.1377
(0.1729) (0.1713) (0.1739) (0.1722) (0.1252) (0.1258)
Observations 25,236 25,236 25,236 25,236 41,066 41,066
Industry Yes Yes No No Yes No
State geography Yes Yes No No Yes No
Industry X state No No Yes Yes No Yes
Workforce characteristics Yes Yes Yes Yes Yes Yes
Firm size Yes Yes Yes Yes Yes Yes

Notes: Standard errors in parentheses. Sample excludes firms experiencing multiple displacement
events. Industry effects are at the SIC division level. All regressions include an indicator for multi-state
firms. Workforce characteristics are firm-average race (percentage white), sex (percentage male), and
age.

*** Significant at the 1 percent level.

** Significant at the 5 percent level.

* Significant at the 10 percent level.

For a substantial number of establishments, neither sales nor capital
were available in the Business Register. Columns (5) and (6) of table 12.4
report results for this most-inclusive sample using specifications similar to
columns (2) and (4), respectively. The results are quite congruent with
those of the previous columns. We note, however, that in the wider sample,
the apparent correlation between sales and I'(4) found earlier is not statis-
tically significant.

12.4.2 The Probability of Firm Closure

While equation (8) focuses on the likelihood of displacement, much of
the interest in the literature has been on the likelihood of firm or plant clo-
sure. We model this outcome using the probit equation:

©) Pr(D, = 1Y, DW) = ®(B,Y, + B, DW)

where D, is equal to one if firm j exited the market (economy) between 1993
and 1997, and the other vectors are defined as above. Table 12.5 reports re-
sults comparable to the previous literature, with 3,,,, = 0, while table 12.7
introduces the displacement indicator into the equation.

The specifications in columns (1) through (6) mirror those in table 12.3,
except for the change in the dependent variable. Neither the capital stock/
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worker nor sales/worker has a statistically significant impact on the prob-
ability of closure; however, the magnitude and sign of both effects is com-
parable to that found in table 12.3, except for capital stock/worker in col-
umn (1). Introducing observable workforce characteristics has no effect, by
itself, on the estimated impact of sales and assets (compare column [2] to
column [1]). The introduction of the human capital distribution into the
equation shows that having a workforce heavily concentrated in the first
quartile (lower tail) of the distribution is associated with a very strong in-
crease in the probability of firm closure. This effect is magnified, not atten-
uated, when the workforce characteristics are introduced (compare col-
umn [4] to column [3]). In contrast with the displacement equation, not
only does the lower tail of the distribution matter for firm closure out-
comes, but so does the upper tail-—having a workforce heavily concen-
trated in the fourth quartile of the human capital distribution is associated
with a strong decrease in the probability of closure. The magnitude of this
effect is slightly attenuated by the introduction of workforce characteris-
tics. A firm with an above-average fraction of its workforce in the upper
skill distribution, or a below-average fraction of its workforce in the lower
tail, has a significantly lower likelihood of exiting the market in the next five
years. Entering the human capital distribution into the equation changes
the estimated impact of the capital stock/worker ratio from positive to neg-
ative, although the estimated effect is still statistically insignificant. These
results are robust to the elimination of the assets variable (see column [5])
and both the asset and sales variables together (see column [6])—there is
no significant change in the estimated parameters. Table 12.6 shows that
when estimating the specification in columns (5) and (6) from table 12.5 on
the larger sample, the estimated parameters on I'(1) and now I'(4), while
still highly significant, are substantially reduced in magnitude. The sales/
worker variable now has a substantial and significant impact on the likeli-
hood of firm death.

Introducing the displacement event indicator, DWW, into the firm closure
probit equation has no substantive effect on our interpretation of the re-
sults. The results are presented in table 12.7 and table 12.8. The displace-
ment indicator is strongly statistically significant in all specifications and
samples—not surprising given the raw statistics in table 12.2. The positive
regression effect of the displacement event on the probability of firm clo-
sure is robust to the inclusion of detailed observable characteristics of the
workforce, a full set of industry, geography, and firm structure indicators,
and the three skill distribution variables. For the manufacturing firms
shown in table 12.7, the effect of having a workforce in the lowest quartile
of the human capital distribution is strongly attenuated in comparison to
the results not conditioned on the displacement event (compare the same
columns in table 12.7 and table 12.5), suggesting that most of the effect
of lower skill workers on firm closure operates through increasing the
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probability of a displacement event. For both manufacturing and all in-
dustries, on the other hand, the reduction in the probability of firm closure
associated with having a workforce concentrated in the fourth quartile of
the human capital distribution is statistically significant and of the same
magnitude whether or not the equation controls for the displacement
event.

12.4.3 Changes in the Distribution of Human Capital of Survivors

In the previous section, we compared employers with and without dis-
placement events, and employers who exited with continuers. In this sec-
tion, we consider only the continuing employers—those who were active in
1992 and 1997. We compare continuing firms with no displacement events
to those with a single displacement event and those with multiple dis-
placement events. We compare how the human capital distribution has
changed within continuing employers—contrasting those with one dis-
placement event and those with multiple displacement events to those with
no displacement events. The dependent variable is specified as Al'(k) =
I'\5;(k) — I 49,(k). The regression controls include industry, workforce de-
mographics, state effects, and multi-unit effects. We focus on the results for
the first and fourth quartiles (i.e., k = 1, 4, the lowest and highest tails of
the distribution).

Table 12.9 reports results from reduced-form regressions of AI'(k), k =
1, 4 on a set of indicators representing single and multiple displacement
events. Continuing firms reduced their employment of workers in the low-
est quartile of the human capital distribution, as indicated by the negative
intercept in the AT'(1) equation. Continuing firms increase their employ-
ment of workers in the highest quartile of the human capital distribution,
as indicated by the positive intercept in the AI'(4) equation. Both of these
results are robust to the inclusion of the full set of controls in the equations.
These results are also consistent with other studies that have used these hu-
man capital components to study how the the distribution of skill within
employer and between employers has changed Abowd, Lengermann, and
McKinney (2002).

Continuing firms that experienced multiple displacement events are not
statistically different from continuers that experienced no displacement
events once all controls have been entered into the equations. Continuers
with a single displacement event are also not statistically different from
other continuers with regard to the change in their employment of the low-
est quartile in the skill distribution once all controls are entered. However,
continuer firms that experienced a single displacement event increased
their employment of the highest quartile of human capital by substantially
less than other continuers. This result is robust to the set of controls entered
into the equation. A conclusion consistent with this analysis is that a single
displacement event is associated with a significant reduction in the up-
skilling of the continuing firm’s workforce.
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Table 12.9 Changes in the distribution of human capital within continuing firms: 1992-1997
Dependent Parameter Standard
variable Variable estimate error t value Pr> |
AT(1) Intercept -0.02664 0.00044287 -60.15 <.0001
Single displacement —-0.00171 0.00144 -1.19 0.2360
Multi displacement -0.00311 0.00129 -2.41 0.0158
Controls for SIC No
Controls for demo No
Other controls No
Intercept -0.03244 0.00077698 —41.75 <.0001
Single displacement —0.00367 0.00144 -2.55 0.0107
Multi displacement -0.00642 0.00133 -4.82 <.0001
Controls for SIC Yes
Controls for demo No
Other controls No
Intercept —-0.07421 0.00221 —-33.65 <.0001
Single displacement —-0.00132 0.00143 -0.92 0.3555
Multi displacement -0.00136 0.00133 -1.02 0.3055
Controls for SIC Yes
Controls for demo Yes
Other controls Yes
AT(4) Intercept 0.00963 0.00062011 15.53 <.0001
Single displacement —-0.02014 0.00202 -9.98 <.0001
Multi displacement -0.00712 0.00180 -3.95 <.0001
Controls for SIC No
Controls for demo No
Other controls No
Intercept 0.02379 0.00109 21.87 <.0001
Single displacement -0.01674 0.00201 -8.32 <.0001
Multi displacement 0.00086058 0.00187 0.46 0.6448
Controls for SIC Yes
Controls for demo No
Other controls No
Intercept 0.03489 0.00311 11.22 <.0001
Single displacement —-0.01420 0.00201 -7.06 <.0001
Multi displacement 0.00118 0.00188 0.63 0.53029
Controls for SIC Yes
Controls for demo Yes
Other controls Yes

Notes: All regressions weighted by the number of employees with 6 < /1 < 14. Demographic controls are
the fraction of white workers and fraction of male workers. “Other controls” include state effects, indi-
cators for multi-state and multi-unit firms and for firm size. N = 39418.

12.5 Conclusion

Our analysis can be summarized as follows. Single displacement events
occur substantially more often in firms that disproportionately employ
workers in the lowest quartile of the human capital distribution. This rela-
tion holds in manufacturing and in all industries, whether or not we con-
trol for capital/worker or sales/worker, and regardless of the other controls
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in the equation. Firm closures occur substantially more often in firms that
disproportionately employ workers in the lowest quartile of the human
capital distribution and disproportionately less often in firms that dispro-
portionately employ workers in the highest quartile of this distribution.
These relations hold in manufacturing and in all industries, whether or not
we control for capital/worker or sales/worker, and are robust to most
changes in the control variables. Once we condition the firm closure anal-
ysis on the displacement event, our analysis suggests that firms that dis-
proportionately employ workers in the highest quartile of the skill distri-
bution are less likely to close, even given a displacement event, than are
other firms that experience displacement events. In this analysis, however,
there does not seem to be an effect of disproportionately employing those
in the lowest quartile—suggesting that the effect of employing workers
who come disproportionately from the lowest part of the human capital
distribution on firm closure works through increasing the probability of a
displacement event.

Firm or plant survival obviously depends on more variables than the
ones included in the analyses presented in this chapter. The age of the firm
(Dunne, Klimek, and Roberts 2003; Dunne and Roberts 1990; Freeman
and Kleiner 1999), market share and measures of cost (Dunne and Roberts
1990), industry characteristics such as Herfindahl indices or import pene-
tration rates (Freeman and Kleiner 1999), and unionization rates (Abowd
1989; Carneiro and Portugal 2003; Freeman and Kleiner 1999) all appear
to matter and have not been included in our analysis. The effect of previ-
ous displacement events on the probability of another displacement event
also should be studied further. Some, but not all of these issues, can be ad-
dressed by incorporating data from the 2002 Economic Census.

Appendix

Characterization of Firms with Multiple Displacement Events

By our definition, a multiple displacement firm has more than one dis-
placement event during the 16 quarter period beginning in 1993 quarter 1
and ending in 1996 quarter 4. In addition to the multiple displacement
events, these firms differ along other dimensions from single displacers;
they have a low exit rate (similar to no displacement firms), use relatively
low skill workers, and are disproportionately represented in agriculture, re-
tail, and the service sector. This evidence suggests these firms may be re-
sponding (not unexpectedly perhaps, given the low exit rate) to cyclical de-
mand factors, an idea we explore further by looking for a high incidence of
annual cyclical displacements. Of course other patterns are present in the
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data, but this approach captures important economic events such as the De-
cember holiday season and the seasonal harvesting of agriculture products.

More formally, let = 1, . .., T represent the 16 quarterly time periods
in our data. The event space of firm displacement patterns is represented
by w where a, = 0 when no displacement has occurred and a, = 1 when a
displacement has taken place.

(A1) w={@a,...,a;):a,=0,1}

Since the firms have multiple displacement events, not all patterns are pres-
ent in the data. We must also define S = Xa,, the sum of all displacement
events during the period, which we condition upon in the multiple dis-
placement event space below.

(A2) w=1{(a,...,a;):a=01S=Da >1}

Our approach involves counting the number of annual cyclical patterns
16

(A3) C= 21([{51,_4, .oo,a}=100011+ [{a,_,, . ..,a,_,} = 1001])
t=5

within each firm’s 7-tuple pattern of displacements w,. Given the short
time period over which we observe the firms, C ranges from a minimum of
zero to a maximum of four. In tables 12A.1 and 12A.2, we compare the ob-
served C for the 7,389 multiple displacement firms with simulated data,
where the simulation assumes random generation of displacements with-
out any seasonality.

Conceptually the simulation is simple; a string of zeros and ones is cre-
ated for each simulated firm by randomly drawing 16 values from a uni-
form [0, 1] distribution with the values equal to or below cons = .262 be-
coming a one (displacement) and those above a zero. The value cons = .262

Table 12A.1 Observed seasonal patterns of multiple displacement firms

Frequency of seasonal patterns

Number of displacements 0 1 2 3 4 Total

2 1,382 736 0 0 0 2,118
65.25 34.75 0.00 0.00 0.00

3 498 592 341 0 0 1,431
34.80 41.37 23.83 0.00 0.00

4 224 332 257 394 0 1,207
18.56 27.51 21.29 32.64 0.00

5 and more 453 840 827 507 6 2,633
17.20 31.90 3141 19.26 0.23

Total 2,557 2,500 1,425 901 6 7,389

34.61 33.83 19.29 12.19 0.08 100.00
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Table 12A.2 Simulated seasonal patterns of multiple displacement firms

Frequency of seasonal patterns

Number of displacements 0 1 2 3 4 Total
2 79.97 20.03 0.00 0.00 0.00
3 56.75 37.15 6.10 0.00 0.00
4 39.93 42.27 15.59 2.22 0.00
5+ more 26.10 40.72 24.95 7.60 0.63
Total 44.07 37.31 14.88 3.50 0.25 100.00

is determined from the real data by E[a = 1|S = Za, > 1], where the expec-
tation is taken over the entire 16 quarter period. This method insures that
the overall proportion of displacement events is the same in both samples,
but depending on the data generating process underlying the real data, the
distribution of the 7-tuple patterns may differ substantially.

Interestingly, the real multiple displacers look quite a bit different than
the simulated multiple displacers, both in terms of the pattern of total dis-
placements and the frequency of seasonal displacement events. For ex-
ample, although there is a higher proportion of firms in the real data with
two displacement events, there are also more firms with large numbers of
displacements (7+), thus ensuring that the average number of displace-
ments per firm is the same as the simulated data (by design). The strong an-
nual cyclical nature of the actual data relative to the simulation can be
clearly seen by comparing the frequency of seasonal patterns within each
row across tables 12A.1 and 12A.2. For example, if we look at firms with
three displacement events, almost 24 percent of the firms in the real data
have two seasonal patterns, while only a little over six percent have the
same pattern in the simulated data. This evidence suggests that seasonal
economic factors play an important role in determining the entry to and
the likely structure of the multiple displacement category.

We also explored whether the frequency of seasonal patterns varied sub-
stantially across industry. In general, except for agriculture where the fre-
quency of seasonal patterns was exceptionally strong, the pattern of sea-
sonality looked surprisingly similar across industries. Multiple displacers
in manufacturing, for example, tend to have a similar frequency of annual
seasonal patterns as do multiple displacers in retail, services, and so forth.
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