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also generates information on the value of learning and on whether and how the
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workers. It thus allows us to measure the increases in the firm’s value from learning about its
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L. Introduction

We propose the simple idea that the parties to an employment relationship may learn about each
other’s intentions about ending the relationship by forming expectations based on the other party’s prior
behavior that ended similar relationships. Workers may observe how the employer’ s firing has varied with
differences in voluntary mobility and may adjust their own mobility accordingly. Employers may observe
which workers have quit in the past and adjust their firing behavior to reflect their altered expectations about
individual workers' future mobility.

In addition to this general issue the notionsthat we examine are relevant to understanding the nature
of worker displacement. A plant shutdown is not an experiment whose impact we can infer by comparing
displaced workersto other workers. Asin many other examples where selection on one or both sides of the
market comesinto play (Heckman et al, 1998), we need information on workers' mobility over thefirm’ s pre-
shutdown history to evaluate whether the losses estimated for workers who are actually displaced provide an
unbiased estimate of the losses of all workers affected by the eventua closing.

The process of worker-firm interactions that lead up to a plant closing is missed by a literature that
concentrates on comparisons of displaced workers' pre- and post-displacement earnings. If the agents are
rational, that process must invol ve attempts by both sidesto gather information about each other’ sexpectations
and intentions, information that is partly revealed by the firm’ srecent turnover history.> Moreover, thetypical
firm is not accustomed to decline and needs information to design an optimal policy to adjust downwards.

Thisinformation may be collected optimally during a sequence of downsizing operations.® Interestingly, the

See Fallick (1996) for a survey of the literature, which except for Jacobson et a (1993) is based on household data.

2Hamermesh (1987) used household data on the time path of wage-tenure relationshipsto infer learning on the workers’
side of this information exchange. While useful, such data cannot provide a picture of the extent and types of labor
turnover generated as a firm heads toward oblivion.

*The annual |abor cost attributable to workers involved in plant closingsislarge. Assume, following Farber’s (1997,
Table A-6) calculations, that the fraction 0.015 of manufacturing employees lost their jobsin 1999 dueto plant
closings. Average annual earnings in manufacturing are $13.91*41.7*52, and there are 18.432 million manufacturing
employees. Assume al so that non-wage costs are 20 percent of wages. Then the annual labor cost attributable to workers
involved in plant closingsin manufacturing is$10.01 billion. Since Farber includesonly workerswith at least threeyears
of tenure with the firm, his numbers, and thus our estimates, are probably lower bounds.
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focus on displacement in the 1950s and early 1960s was as much on the process of displacement as on
workers' post-displacement adjustment. Those studies(e.g., Shultz and Weber, 1966) had the datarequired to
analyze information exchanges along the path to displacement, but the necessary theoretical and econometric
tools were lacking.

In this study we address what we believe are lacunae in recent research on mobility while
updating/modernizing the early displacement literature. We have data describing workers at each episode
aong theroad to the eventua demise of alarge Dutch corporation. Thesedataalow usto examinethevarious
modes of turnover before the firm’s death and to use them to infer how workers and the firm learn about the
firm'’ s prospectsand the workers' intentions. They a so enable usto study whether and how the characteristics
of workerswho remain until the firm’s death differ from those of all of its affected workers and thusto infer
the extent of biasesin measuring the losses arising from displacement when the sampleisrestricted to workers
who are actually displaced. The richness of the data set and the questions it allows us to examine more than
offset any potential biases that might result if the firm is unrepresentative of large firms that disappear.

In the next section we present a stylized theoretical model of learning by workers and firms that
stresses the exchange of information between the two parties. In Section |11 we describe our dataand provide
summary gtatistics charting the firm’'s demise, while in Section 1V we estimate an empirical version of the
model presented in Section I1. Section V uses dataon the entire pre-displacement history of thefirmin order to
infer the selectivity-adjusted losses generated by worker displacement, while Section VI illustrates the
monetary gains afirm would make if it accounted for learning in structuring its layoff policies.

II. Learning, Mobility, and Firm Death

Downsizing not only dislocates workers. It aso changes the prospects of the workers who remain
with thefirm. A firm hit by asequence of negative shocksthat result in workforce adjustments can learn about
how the quit behavior of itsworkersisaffected by the adjustments and can updateitsfiring policy accordingly.
Workers who remain a so have the opportunity to learn about the firm’ s preferences and can likewise update

the information that enters their decision about quitting. We develop atwo-sided learning model of the firm



that accounts for these changes during downsizing episodes. While learning about workers' abilitiesin the
context of analyzing wage dynamics has been studied before (Farber and Gibbons, 1996; Felli and Harris,
1996, Altonji and Pierret, 2001), the more general issue of two-sided learning in the context of employment
decisions has not heretofore been analyzed.

We assume that the firm facesfixed costs of firing. When shocks arrive the firm must decide whether
to downsize or not, and if it downsizes it does so by lumpy adjustments (Hamermesh, 1989; Pfann and
Verspagen, 1989). Under a fixed-cost regime there is an option vaue for the firm of waiting to adjust, and
during that period some workers decideto leave. Announcements of corporate restructuring changethevalues
of contracts between the workers and the firm, and wage adj ustments may be needed to continue some of the
relationships, or unintended separations may follow (see a'so McLaughlin, 1991; Pfann, 2001).

A. Thelnitial Episode of Decline

If thefirmishit by an unexpected shock in product demand that makes a downward adjustment of its
workforce imperative, neither it nor itsworkers knows about the outcomes of each other’ sstrategic choicesin
response to that shock. We assume that workers act first and that the firm waits to adjust until after it has
observed itsworkers' responses. Waiting and collecting this extrainformation isan optimal strategy for afirm
that facesirreversible adjustment costs.

Worker-initiated separations during the initial episode

The firm employs N, tenured workers. First we consider optimization by worker i, i=1,..,.N,. She
makes adecision whether or not to stay in the firm and continue making firm-specific investments based on a
comparison of the expected streams of future earnings inside and outside the firm. Her decision under

uncertainty iswritten as

0, =0 (X4:€4), i=1,..N, (1)
where Q" is the unobserved quit propensity of worker i during Episode 1, X;, is a vector of individual
characteristics explaining Q,l*, and &;; is a worker-specific normally distributed error with zero mean and

variance (0;%)% Although ©,;" is unobserved, other workers behavior reveals to the firm which workers are



likely to quit. Denote Q,, =1 if Q;; > O for the N,¢ worker-initiated separations, and Q,, = 0 if Q}; <0 for
the N,* =N,-N,“ workerswho stay until the end of thefirst episode. The probability of observing that worker i
quitsis

Pr{0, =5 =®[(B,/0{)X,], @
where /3, isavector of unknown parameters.

Employer-initiated separations at the end of the initial episode

The optimizing firm decides whom to layoff by comparing the expected stream of aworker’ s future
wages to hisfuture productivity. The unobserved propensity to fireworker i in Episode 1, F;;", iswritten under
uncertainty as
Fy=F (Z;v,), i=1,.,N/, ©)
where Z,, is a vector of the individual worker’s characteristics explaining F;,”, and v;; is a worker-specific
normally distributed productivity shock with zero mean and variance (o/")°.

Firing decisions are related to the worker’s age. In general, after an initial period of increase, a
worker’ s productivity declines with age. To avoid shirking the firm will fire the most experienced workers
with the lowest output (Stiglitz and Weiss, 1983). Firing can also be explained by the firm’ s (asymmetric)
information about the worker’ s performance. Annual eval uation scores, which may beincluded in Z, measure
relative performance, and low-scoring workers have a higher chance of being fired. Initslayoff decision at
the end of theinitial episode thefirm incorporatesthe quit behavior of theworkersthat it observed during the
episode. Firing decisions also depend on statutory replacement costs that vary among workers. Given a
worker’ s productivity, this variation isin large part due to differencesin tenure at the time of firing.

An announcement of workforce reorganization changes the contingent contract between the worker
and the firm. This may discourage some workers, who interpret the announcement as a departure from the
informal agreement with the employer. The firm sees workers stay who are observationally identical to those

who quit and realizes that these workers have, ceferis paribus, ahigh reservation wagew,”, or alow &;.



The firm can either react non-cooperatively or cooperatively. On the one hand, it can interpret a
worker’ slow g;; astoo high areservation wage. In that case, the non-cooperative firm will matchit withahigh
vy, sothat corr(v,,€,) = p; < 0. Ontheother hand, the cooperative firm can observe g, to learn about a
worker’ sloyalty to the firm when things turn bad. A high reservation wage—alow &; —signals loyalty to the
firm. Especially in times of economic distress, disloyal workers can be extremely harmful to the firm. In a
model of monitoring cooperative agreementsin arepeated principal agent relationship, Radner (1981) showed
that the principal (thefirm) observesthe agent’ s (the worker’ s) disloyalty by means of a“ statistical method of
detecting ‘ cheating’ by the agent rapidly enough to deter him from doing so” (1981, p.1128). Radner doesnot
say what that method is. We propose a method for detecting idiosyncratic disloyalty based on each worker’'s

observed reservation wage. If the firm's objective is to identify and retain the most loyal workers, it will
couplealow g; with alow v;;, SO that pl’" > 0. In accordance with Radner’ sresults, disloyalty is especialy

harmful to afirm that faces a high bankruptcy risk. Even though one might rationalize either sign for this

correlation, a positive correlation should become more likely as the firm’s chance of demise increases.

F,,"isreveaed in part to worker i when she sees other workersbeing fired. £, = 1if £, > 0,for N

workers. Others are allowed to stay with the firm until the beginning of Episode 2, sothat £, = 0 if F;; <0
for N,=N -N workers. The probability individual i isfired at theend of Episode 1 conditional on not having
quit during Episode 1 is

P{F, =1|0, =0 =®[(r,/0/)Z, +(p 07)23], @)
where ¥, isavector of unknown parameters, and A5 = ¢[(5,/02) X ,1/(A-D[(B,/ L)X ,]).

B. Subsequent Episodes of Downsizing

Initially the firm may have considered the negative shock to product demand to be atemporary blip.
When new information becomes available with no sign of recovery, or additional negative shocks jeopardize
the value of the firm, more downward adjustments may be necessary. The difference now isthat the workers

aswell asthefirm can optimally use the experience of the previous episode to recal culate the net present value
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of the match and act accordingly. If downsizing continues, two-sided learning should incorporate the
information gathered about each other’ s expectations and intentions revealed during the previous episode.

Worker-initiated separations during subsequent downsizing episodes

The essential point, and the novelty of our analysis of turnover, isthat the employer’ s behavior and
prior patterns of mohility by the worker’ sfellow employeesreveal informationto her about her futureearnings
inside the firm. We assumethat her wage insidethefirmwill be higher if her firm-specific skillsarerelatively

scarce, since the employer will wish to induce her to remainin thefirmin order to retain her services. A high

rate of quits by workers similar to her during the previous episode t-1, Q,,_,, signals this scarcity to her.

Obversdly, sheinfersthat her inside wage will be lower if the employer’ s demand for her skills has

declined. A declineis signaled to her by the employer’s recent layoff behavior, in particular by layoffs of
workers like her at the end of Episode -1, I:“ i+-1. We can thus write the worker’ s propensity to quit as

0, =0 (X,:0,.: Fuse,), i=1,..,N;; =2,.,T, (5)

wheree,, isaworker-specific normally distributed residual with mean zero and variance (0',9 )2, and T marks
the firm’sfinal reorganization episode before its bankruptcy. In the absence of new shocks the effects of a
worker’ s altered marginal productivity due to previous quits and layoffsimply that @, QQ, =00/ GQ <0 and

@? =90 19F > 0. Thesignsof these partial derivates might be changed over subsequent episodes by the

arrival of new information. For example, we might observe wg, > 0, suggesting that workers' quit behavior in

response to thisinformation is similar to that of their predecessors. We might observe 072, < 0, suggesting

that workers who were likely to be fired before are not quitting. This behavior could suggest—and hence
identifies—a change in beliefs about the permanence of the decline in product demand.
The expectations that workers form about the likelihood of being fired at the end of this episode are

based on arational decision processthat useswhat occurred at the end of Episode¢-/. Theinformation used



by the employer at the end of the current episode ¢ that rendersv,, different fromv,,_, is unknown to the
worker at thetime of the quit decision during Episodet and isthus uncorrelated with Q; . There aretwo ways

the worker can interpret the observedv,_, and act on that interpretation. On the one hand, lowv,,_, signals

that, compared to observationally equival ent colleagues, shewas unlikely to befired during thelast episode. As

a conseguence workers like her have become scarce to the firm. Thiswould raise her reservation wage, w,,

and lowere,, so that corr(v, ,,€,) = p° > 0. On the other hand, she might also think, “I escaped

i
unexpectedly last time, but | did not quit, so | may be on the chopping block thistime.” Thiscould lead her to
reduce her reservation wage and raise¢,, , sothat p° < 0. Heretoo one might rationalize either sign for the

correlation.  Unlikethe declining firm’ s decision-making process, for workers we cannot predict itsdirection
and how it may evolve asthe firm approachesits demise. Given (5) the conditional probability that worker i
quits during episode ¢ is.

Pr{Q, =1|F,, =0 =®[AY], i=1,.,N;: t=2,.T. (6)

where A2 = (8,169)X,, + (@4, 160) 0, ,~ (@ 162) Fuat (p? 100)AL,.

Employer-initiated separations at the ends of subsequent downsizing episodes

Deriving the firm’ sfiring policy proceeds essentialy identically to the derivation of theworkers' quit
decisionsin Episodes 2 to T. At the end of Episode t a worker’s productivity is raised if recent quits and

layoffsof similar workershave made hisskillsrelatively scarce. A high rate of quitsby similar workersduring

Episode z, O, , and ahigh rate of comparable layoffs at the end of the previous episode, F'i-1, signa this

i

scarcity to the manager. The firm' s firing decision then becomes

E, =F(Z,;0,;F1v,), i=1,.,N,; t=2,.,T, @)
where v, isaworker-specific normally distributed error with mean zero and variance (0',F )?. When no new

shocks arrive, the effects of the atered value of available skills due to previous separations imply



that@,, = oF 190 <0 and @, = 9F" 19F < 0. The arrival of new unexpected information about the
firm’ s product demand can reversethe sign of either derivative. Similar to thefirst episode, the firm observes
theworkers' quit behavior during theperiod, sothat corr(g,,v,) = p,"' . The probability that worker i isfired
is

Pr{F, =1|0, =0 = ®[A}], i=1,.,N, t=2,.,T, 8)

with A = (7,162, +@% 161)0,+ @, 161 ) Fuat(p! 1672
111 The Demise of Fokker Aircraft

We investigate the empirical content of this model using personnel data from Fokker, the world's
oldest aircraft manufacturing company, which was founded in 1919 and based in the Netherlands. Between
1984 and 1996 the company devel oped and produced three types of aircraft. Figure 1 shows that the global
market for these airplanes grew steadily until 1990, after which it plummeted for five years. In the beginning
the firm attempted to overcome the negative demand shock by Iengthening its production process; but when
demand remained low it ran out of resources and went bankrupt. After 1995 globa demand recovered (see
Figure 1), but this recovery cametoo late for Fokker. It was officially declared bankrupt on March 15", 1996.

Figure 2 showsthat from 1987 until 1991 the firm’ stotal workforce grew steadily from 10,000 to over
12,500 permanent workers, while average hourly earnings were stable at approximately 25 guilders (US$14.3)
in constant 1995 terms. The sharp global declinein demand for aircraft forced the company to reorganize and
reduce its workforce. The reorganization started off with anew early retirement scheme for workers aged 55
years and older that became effective on March 1, 1991. During the period of decline employment fell from
12,500 to O after the bankruptcy, while real hourly wages increased from 25 guilders to 28.8 guilders
(US$16.5).

Table 1a, taken from the report of the bankruptcy trustees, gives an overview of the employment
reductions and dismissal s that were announced between 1991 and 1996. Five episodes can be distinguished,

each marked by advance notification of workforce reductions. In the descriptive and econometric analyseshere
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we consider only tenured workers ages 17 to 54 years for whom positive payroll amounts appear in the
corporaterecords. Table 1b showsthe status of these workers distinguished by whether they quit, werelaid off
or remained with the firm. When the firm died at the end of Episode 5, approximately half of the remaining
workforce was permanently displaced, whilethe other half was offered aone-year contract in anewly created,
leaner, but eventually unsuccessful firm that the bankruptcy trustees launched.

The variablesthat we usein our analysis are ones commonly used in studies of worker turnover (e.g.,
Blau and Kahn, 1981; Topel and Ward, 1992), such as age, tenure, gender, educational level, educational type
(general vs. vocational/technical), hours worked, and marital status. We aso include information on the
number of internal training courses provided by the firm to the worker, the number of externa courses
provided by other training agencies but commissioned by the firm, the outcomes of annual performance
evaluations, and workers commuting distances.

To elucidate the process of worker turnover during the firm'’ sfinal yearswe distinguish six different
employee groups. Groups 1 to 4 consist of those workers who left the firm — quits and layoffs — during the
Episodes 1 to 4 respectively. Thefifth group comprisesworkerswho stayed until thefirm' s death and who on
the Monday after the bankruptcy received an envelope with only the official dismissal notification. The sixth
group consists of those workers who received two | etters that day, one the dismissal letter from the bankrupt
firm, and the other a one-year contract with the newly created company.

One way to look at the turnover processin thisdying firmis presented in Tables 2. Table 2a shows
the means of selected variables at Episode 1 for al groups. Tables 2b-2e present the means of selected
variables at Episodes 2 to 5 for al groupsremaining in the firm. We summarize only the variablesthat differ
or change across episodes or groups. Tables 2 provide an initial view of the potential biases to losses from
displacement that arise from considering only those workers employed in thefirm at its closure (Groups 5 and
6, in the left-most two columns). These workers are disproportionately male, married, technically educated,
and have longer tenure, better job evaluations, more internal (intramural) training courses and fewer external

(extramural) training courses. Very clearly, basing inferences about | osses to displacement on those workers



who leave when a plant closes leads to overestimates — if one bases one's inferences on the wage-tenure
profile. Clearly too, the workerswho stay until the end seem to be of more value to thefirm than to other firms.
Iv. Estimating the Learning Model of Turnover

The novelty of our model isthe introduction of past patterns of mobility, both worker- and employer-
induced separations, into the worker’ s choice of when to |eave and the employer’ s choice of whom to layoff.
The central economic question in this study iswhether learning occurs—whether workers and their employer
make their decisions about turnover based not only on the workers objective characteristics, but also on

inferences about the impact of recent patterns of mobility on future wages and (unobservable) productivity. In
this Section we specify the formulation of measures of }77 and Q. , estimate the model’ s parameters, and

examine their significance and how they change as the firm's demise approaches.

The covariatesin the quit equations (X;,) and the layoff equations (Z;,) have both common and specific
components. The common componentsincludeindicatorsfor seven age groups, for females, for threelevels of
educational attainment (with basic education asthe reference group), for technical/vocational education, part-
time work, and marital status, and continuous measures of years of firm tenure, number of internal training
courses and number of external training courses. The specific component—the exclusion restriction—in the
quit equation is a variable that measures commuting distance (in kilometers). It ishard to arguefor inclusion
of this variable in the layoff equation, but barring complete foresight by workers one would expect that
distance to work would affect the quit decision. The specific component in the layoff equation isthe measure
of job performance. The informational content of thisvariableis clearly asymmetric, so that itsvalueliesin
thefirm’ s comparisons across workers. That information is availableto the employer but not to the employee,
so that it cannot affect quit decisions. Expanding beyond the formal model, in the empirical application we
alow workers' educational attainment to affect their perceptions of theimpact of past patterns of mobility on
their prospectsin thefirm. By doing so weallow for the possibility that the assessmentstake placeat different
rates or for reasons that are not observed by the econometrician but that are correlated with educational

attainment.
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For each Episode ¢ the parameters are only identifiable relative to the standard errors O',Q and cr,’" in

the probits. One way to treat thisidentification problemis by setting al the standard errors equal to 1. In our
application, however, it isvery likely that the errors are different for quits and layoffs and that the associated
variances change over time. Assuming constancy of these varianceswould also severely restrict the estimates
of the two-sided learning model in Section Il. Hence we do not impose these identifying restrictions, but
instead present the unrestricted parameter estimates for al episodes. Theresultsare given in Tables 3aand 3b.

A. Quit equations

The demographic differencesin propensitiesto quit generally accord with what has been demonstrated
in the prior literature. Workers with lower quit propensities are between 35 and 50 years old, have longer
tenure, and (surprisingly) arelesswell educated (except in Episode 2). That they have also taken moreinterna
courses is consistent with the observation that these courses may represent shared firm-specific investments
that inhibit workersfrom leaving the firm. That they are workerswho live closer to their jobsis consistent with
the expectation that propinquity to the workpl ace can offset other incentivesto quit when the firm’ s prospects

worsen.
The coefficients of meﬁm and ):f;;l are generdly insignificant, except for Episode 3, when the
estimated@?, is negative for all levels of education and significantly negative for two. That @2, < 0O

indicatesthat workerswith low expected conditional firing probabilitiesin the second episode were morelikely
to quit inthethird episode. This estimate suggests achangein their beliefs about the character of the decrease

in product demand and the firm’s future prospects as of the third episode. Also, in Episode 3 the estimated
correlation coefficient p,Q is significantly negative, suggesting that workers believed that the firm would

continue alayoff policy similar to that of the previousperiod. Implicitly, alow idiosyncratic firing probahility

in the second layoff round reduced workers' reservation wages during the third episode.
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B. Layoff equations

Theresultsin Table 3b show that workers with lower firing probabilities have longer job tenure, are
males (in Episodes 2, 3, 4 and 5), have higher educational attainment, have technical/vocationa schooling
(Episodes 1, 2, 3 and 5), have taken more internal and externa training courses (Episodes 1, 3 and 5), are
married (Episodes 1, 2, 3 and 5), and have a higher job evaluation during all episodes.* The firm choosesto
retain workers with whom it shares more firm-specific capital, whose demographic characteristics pay off in

the labor market, and who have the best relative annual job evaluation scores, al else equal.

In the layoff equations most of the coefficients of Q,., , ﬁ,.,fl and ig aresignificant in Episodes 2, 3
and 4. At the early stages of thereorganization, in Episodes2 and 3, @ g, ispositiveand significant. Duetoits
prolonged economic distress the firm increased its propensity to layoff workers whose observably similar
counterparts quit during the previous episode. We estimate @ g, < Ofor al educationa levels at the final
reorganization before bankruptcy (at the end of Episode 4). These estimates show that the workerswho had
quit were the ones that the firm most wished to retain. The estimated @, > O for &l educational levels

indicate that the firm maintained its layoff policy between Episodes 3 and 4.

C. L earning over time

One way to draw inferences from Table 3 about the parties learning processes through timeis by
examining how the coefficients change. Theinterpretation of these comparisonsisdifficult, however, because
of the identification problem that results from the nonconstancy of the variances over time. One simple
solution isto compute tests of the hypotheses that the correlation coefficients, weighted by the variances, are

zero or constant over time for the respective quit and layoff equations.

“We al'so experimented with including the annual job performance eval uation score as acovariate in the quit probits. It
had no explanatory power. This confirms the validity of our exclusion restriction and that the asymmetric information
argument of the principal-agent theory holds for thisfirm.
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Letp” and p¢ betheaveragesovertimeof p' and p¢ respectively. Thefirst set of testsyieldsthe

hypothesesthat p* =0 and p¢ =0.°> The estimated correlation coefficients and the accompanying test
statistics for employer learning in the layoff equations are:
Employer learning: p"=.918; 4*(55) =542, p<.001;
Time constancy: 1*(5) =620, p<.001.
The test statistics for workers' learning in the quit equations are:
Employee learning: p¢=-028; y*(4) =64, p=.169
Time constancy: 1%(4) =58, p=.218.
Our estimates thusimply that 7 >0 and p¢ = 0. The employer clearly learns, but that learning is not

constant through time (either because of hysteresisin the learning processor because o variesthrough time

asaresult of temporal variation in thearrival rate of shocksto product demand). That o > O impliesthatin
arepeated cooperative game between a firm and its workers the employer |earns about workers' loyalty.
Workers exhibit no evidence of learning. Thisresult might indicate that some workers form rational
expectations oneway ( p,Q < 0) and somethe other way ( p,Q > 0), and that their numbersare roughly equal .
Alternatively, it might show that the workers simply fail to form expectationsin any systematic way. Wealso
find no evidence of changes through timein the workers' inability to learn. This result is consistent with the

finding that there was no change in patterns of investment in firm-specific human capital among a random

sample of American workers as displacement approached (Hamermesh, 1987).

5The test statistics describing the hypotheseson Fand Q are: ¥ *(df ) = (p/ — ﬁj)'(é")fl(p,j -p’),
with j=F,0Q, and df'=5, df¥=4. The SAZJ are the variance-covariance matrices of the respective vectors of estimated
correlation coefficients. A consistent but inefficient estimator for f}’ is the diagonal matrix of the correlation
coefficients’ estimated variances. The second set of testsis of the hypotheses that p"v and pQ are constant over time.
The corresponding test statisticsare y *(df ') = (p/ )(Q)* (p]), withj=F, 0.
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If learning about loyalty in a cooperative game of downsizing between the firm and its workers is
important, and learning is not constant through time, following Radner (1982) we expect that thelearning will
converge faster to an optimal rate as the date of demise approaches. If the employer’s learning develops
through time, acrucia question then isinwhat direction, if any, it develops. Do the coefficientsthat describe
its layoff policy indicate that the firm is steadily learning more about employees' loyalty (learning as a
stationary autoregressive process), learning less (learning as a non-stationary or trending process), or merely
that learning varies randomly across periods (learning as an i.i.d. process)?

To investigate this question we look at possible time-dependence in the process that generates the

parameters of the layoff equations describing the firm's turnover policy as a function of each worker's

observable characteristics Z, . Theexistence of atemporal patternin ¥, can beinterpreted as evidencethat the

firm incorporates what it has learned about itsworkers' loyalty through time. (The coefficients 7, = 7,/ 0',F
belong to the variables Z, in equations (3) and (7).) During each episode of downsizing the employer
constructs layoff decisions under uncertainty, basing its turnover policy on Z,. To test for an underlying
dynamic mechanism that affects the entire set of relevant parameters 7, smilarly, weinvestigateif thefirm's
layoff policy revealsa*® parameter-generating process’ that can be described by the dynamic fixed-effect model
V=00 +0l+Y, +&Y,  + U1, . 4, ~NID(0,07), (9)
t=1,.., 5 (the number of episodes), and j=1,..,19 (the length of the parameter vector Z;). The stationarity
condition for this modd is |¢,|</, with §,=0 indicating the absence of a trend affecting the process
exogenously.

We consider four possible descriptions of the dynamics of the firm’s incorporating learning into its

turnover policy:

i ¢;=0 i.i.d. learning;
ii: 0<¢;<I stationary smooth learning;
iii: -1<¢;<0 stationary aternate learning;
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iv: |¢;| 21 nonstationary learning.

The parameter estimates (based on first-differencesfrom fixed-effects estimates) are qu =0.67 (s.e=0.03), and

A

0,=0.07 (s.e=0.11). Thetime-trend termissmall and statistically insignificantly different from zero. The

esti mate¢31 suggests astationary smooth learning process. The magnitude of the autocorrel ation of the process

dies out essentialy exponentialy. In other words, the firm learns increasingly more about its workers

behavior through time, but the accretion of knowledge decreases exponentially, with asmaller ¢, indicating a
more rapid decay. Stated differently, the more downsizing episodes the firm goes through, the closer its
turnover decisions approach the optimal layoff policy under uncertainty that incorporateswhat it has|earned
over time about individual workers' loyalty.

Our resultsimply that, in the presence of fixed adjustment costs, it is optimal for thefirm to spread the
downsizing process across a number of consecutive episodes. This alows it to analyze its workers' quit
behavior and learn about the remaining workers' loyalty to the firm. While lumpy mass layoffs occur
frequently, our resultsindicate that aonce-and-for-all reorganization early inthe process of corporate demiseis
sub-optimal for the downsizing firm, for that preventsit from designing afiring policy that takes advantage of
learning about its employees’ attachment.

V. Measuring the Losses to Displacement Accounting for Prior Two-Sided Selection

A major focus of theliterature on labor-market displacement has been on thelossesthat workersincur
when the firm downsizes or closes. The goal of much of this literature has been to infer the magnitudes of
these lossesin order to structure policies to compensate displaced workers (e.g., Kiefer and Neumann, 1979;
Hamermesh, 1987). Much of this research has assumed that the losses can be measured by the firm-specific
human capital embodied in the displaced workers and destroyed when they arelaid off (and even moreclearly
soif the plant closes). Theselosses have been proxied by thevalue, intermsof higher wages, generated by the

workers' tenure with the employer at the time when displacement occurs.
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Thedifficulty with this common approach should be apparent from the analysisthusfar. Theworkers
who remain to be displaced are not a random sample of those who were employed when the prospect of
displacement first arose. One of the variables strongly affecting selection into quitting and layoff before the
plant closed wasthe worker’ stenure with thefirm. Thusworkersremaining until the plant’ sdemisewill have
different (presumably greater) tenure when the firm’ s difficulties began than the average worker present then.
Moreover, wage-tenure profiles calculated based on those more senior workers who remain until the plant’s
demise are also unlikely to characterize wage determination among all the workers who were in the plant ab
initio. Losses of firm-specific human capital cannot beindexed based on the non-randomly sel ected workers
who remain with the firm throughout its decline.

To examinethisissue we estimate standard | og-earnings equations at two pointsintime: 1) Episode 1,
the first time that information became publicly available that Fokker was having severe difficulties; and 2)
Episode 5, i.e, including only those workers who were present when bankruptcy was declared. Various
characteristics observed at Episode 1 of all workersincluded inthefirst group, of thosein thefirst group who
were eventually fired before bankruptcy, and of workersin the second group, are presented in thefirst three
columns of Table4. Theworkerswho remained until bankruptcy were more senior than their fellow workers
at Episode 1, had received higher job evaluations, and were morelikely to be married and male and to have had
atechnical/vocational education.

The standard measure of the annual wage loss of the average worker displaced when aplant closes(in

our case, at bankruptcy) calculates
* 4 * *
[ = fo F(TW(T)dT (10)

where T indexesfirmtenure, f (-) isthe density function describing the tenure of workerswho aredisplaced at
bankruptcy, and W'(-) are wages at the time of bankruptcy as afunction of tenure, conditional on other wage
determinants. Recognizing that the structure of wages changes during the firm’'s decline, we can correct the

errorsin (10) by calculating an average | oss based on the wage structure before it became contaminated by the
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non-random departure of workers and by the firm'’ s adjustmentsto itswage policies. We subgtitute W°(T), the
wage structure at Episode 1, for W (T) in (10) to compute L°. Even this measure fails to account for non-
randomness in the distribution f'(T), however. The best measure of the lossto all employees affected by the
firm’s decline substitutes into (10) both W°(T) and f(T), the distribution of firm tenure at their departure of
workers who were present when the decline began.

The upper panel of Table 5 shows the coefficients of the quadratic in tenure from log-earnings
equations calculated at Episode 1, and from the same regressions estimated at Episode 5 for those workers
who remained until bankruptcy and who are thus the only workers who would be included in a conventional
study of plant closings. Clearly, the apparent returns to tenure diminished as the firm approached its end, no
doubt because the non-random selection of workers out of the firm during this time resulted in a more
homogeneous, and substantially more senior workforce at thetime of itsdemise. (The coefficient of variation
of tenurewas 0.95 at Episode 1, but only 0.55 at Episode 5.) Thisapparent declinein thereturnsto firmtenure
meansthat previous estimates of lost firm-specific human capital understate thelosses becausethey understate
the returns to tenure in a healthy firm. The calculations of L™ and L°shown in the bottom panel of Table 5
confirm this observation. In this sample the average annual earnings lost by those workerswho remain until
the end are somewhat (3.6 percentage points) higher when we base the measure on the structure of wages
before it was influenced by the non-random departure of other workers during the firm’s decline.

While L° accountsfor the changein the structure of wages, it istill based on the distribution of tenure
of only those workers who chose and whom the firm chose to remain until theend. To calculate the average
loss to all workers affected by the firm’ sdecline and eventual demise, the next calculationin Table 5 basesL”
on what the tenure of the average worker who left the firm (voluntarily or involuntarily) would have gained
him or her under the wage structure prevailing when the decline began. This measure of the annual earnings
loss of workerswhose employment relation was severed isremarkably closeto the conventional measure. The
flattening earnings-tenure profile as the firm nears its demise aimost exactly offsets the impact of increasing

average tenure among the remaining workers.
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Finally, we showed in the previous section that voluntary quitting appears in this sample not to have
reflected workers' learning (not to have been informed by the firm’ s declining prospects). That being the case,
one might argue that there are no extraordinary losses to workers who quit, so that including them in the
calculation of averagetenureis mistaken. In Table5 wethus present an alternative calculation of L based on
the tenure when they were fired of al those employees who were present at Episode 1 and who did not
subsequently quit. Theresults suggest that this measure exceedsthe conventional one, but the differencesare
dight.

The appropriate measure for evaluating the loss faced by displaced workers must be uncontaminated
by the effects of non-random selection on inferences about the average loss per worker. That being so, the
best estimate of the wage that workersleaving Fokker would have received el sewhereis 19.9 percent (1 - exp(-
.222)) below what they received at Fokker. Thiswageloss engendered by displacement is quite similar to the
wage loss that we would infer was experienced by those workers who were directly affected at Fokker's
eventual bankruptcy. Basing compensation only on the experiences of those workers present when Fokker
gives the correct per-worker calculation in this case only because the wage-tenure profile changed so as to
offset the rising tenure in the firm.

The specific example in this calculation is not important. The issue is the more general one that
conventional calculations of the losses to displaced workers are incorrect for two reasons. 1) The wage
structure used to infer losses is estimated incorrectly because the workers included in the estimation are
selected non-randomly; and 2) Non-random selection means that the characteristics of the group directly
affected by aplant closing are not necessarily those of all workers who are affected by the entire process of a
firm's death. Both kinds of selectivity need to be accounted for when constructing policies to compensate
displaced workers.

VL Measuring Employers’ Gains from Learning
Estimateslike those in Section 1V can a so be used to infer how much afirm gains by learning about

the productivity and market opportunities of its workers as it approaches shutdown. Viewed differently, we
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can use the estimates to cal cul ate the gains from considering this additional set of determinantsof firms' layoff
behavior. In our specific exampletheinteresting question ishow much the company gained at Episode 5 from
the learning that we inferred it did over the entire period. We are thus asking what the value of that learning
was to the company, but only at the point of the bankruptcy. The gainsare presumably in theincreased value
of thefirm attributabl e to the firm-specific human capital that would otherwise have been lost had thefirm not
learned about its workers' productivity and opportunities.

To caculate the gains to learning that are redized when the firm reorganizes at bankruptcy we
compare the layoff probits that include learning (those presented in Table 3b) to a counterfactua layoff
probit. The restricted estimating equation excludes the measures of altered productivity (the interactions of
the education indicators with lagged fires and quits) and the correl ations between the unexplained idiosyncratic
quit and firing propensities.

To calculate the gains to learning we ask how many workers are correctly predicted not to befired in
the enhanced probit in the final column of Table 3b compared to the number correctly predicted in asimple
counterfactual probit that excludes the possibility of learning. We then value this difference by valuing the
firm’ s share of firm-specific human capital. We use the estimatein Table 5 of thelost earnings of thosefired
at Episode 5 (al those who would usually be counted as displaced in aplant closing) and assumethat thisis
the value of returns to the retained workers' firm-specific human capital. On a per-worker retained basis the
calculation is

Gain=W-exp[-.242]*{ §/(1-9)}{ [fLearn-TnoLearn] /Pr(NotFired} (1)
where W is the average wage of workers at this point, sisthe firm's share of the specific human capita in
whichit and itsworkers haveinvested, f, earny @nd fyoearn are thefractions of workersretained after Episode5
predicted correctly in the expanded and simple probits respectively.

Of the workers remaining just before Episode 5, 48.8 percent were retained. 25.8 percent of all
workers were correctly predicted as being retained in the expanded probits that included learning. Only 23.7

percent of all workers were correctly predicted as retained in the probits that did not account for learning.
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Taking mean annual earnings per worker as 52,080 guilders, the calculation in (11) yields 1082 guilders per
worker retained under the assumption that s=0.5. The firm retained 2619 workers (Table 1b), which sumsto
an estimated value of learning of $1.6 millionin 1996. Stated differently, the gain per retained worker isabout
2.1 percent of the average worker's annual earnings. If the firm’ s share of the returnsto firm-specific training
exceeds 0.5, its monetary gains from learning about workers' behavior are still greater.

The result here is for Fokker alone; and it would be interesting to expand it to an entire economy.
Based on the figure of $10.01 billion in labor costs among displaced manufacturing workers in the United
States that we noted in Section I, our estimates here suggest that employers' learning might lead to an annual
savings of $210 million on these workers (.021 x $10 hillion). The cohort of firmsthat close each year reaps
this gain, however, over the entire length of the process leading up to closing. In our example this process
took six years, but we have no idea whether that is typical. Assuming it is, however, then for U.S.
manufacturing the annual gain arising fromemployers’ learning risesto $1.26 hillion. Sincethiscalculationis
for manufacturing alone, and since plant closings are more common among smaller firms, it islikely that the
total annual value to employers of this type of learning as their businesses decline is still greater.
VII. Conclusions

In this study we have examined possibilities of workers' and employers' learning using aunique data
set describing the history of mobility in alarge Dutch firm during itsfinal six yearsof existence. Theevidence
suggests that workers' quitting is unaffected by expectations about the employer’ slayoff policies. The firm
learns which employees are likely to quit, however, and atersits layoff policies accordingly. That learning,
moreover, is quite rapid early in the process of the firm's decline but decelerates as more information is
accreted. Learning about itsworkers' loyalty enhancesthe value of thefirm, asit isableto optimizeitslayoff
policy to retain a greater proportion of its prior investment in its workers' firm-specific human capital.

That learning occurs adds another reason why the workerswho remain until aplant closesare selected
non-randomly from the group of workers who were present when the firm’ sinitial negative demand shocks

arrived. Thisnon-randomness meansthat any attempt to measure workers' lossesfrom aplant closing will be
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biased, asit is based on a selected sample of workers. To evaluate the extent of this bias we adjust usual
measures of losses resulting from displacement to account for this two-sided selection. While both of these
adjustments are important, in our particular example they are roughly offsetting.

We have presented atheory of learning and an econometric case history toillustrateit. Thebasicidea
can be expanded upon in a variety of ways. First, within the context of our model the behavior of other
declining firms could be studied—nothing guarantees that workersin al such firmsfail to learn, nor that all
employers learn in the way that the employer that we studied did. A second, more important avenue would
note that a more general model could also encompass the learning processin growing firms by accounting for
the role of employers' learning about quits in determining the pattern of hiring and firing. (A very specific,
mundane example might be the behavior of university economics departments in hiring/tenure decisions
about junior faculty in the face of a changing entry-level job market for economists.) Similarly in such a
model, one might envision workers' learning about their future prospects by observing their employers' past
hiring and firing decisions. One might even expand such amodel further to include how two-sided learningis
modified by promotion decisionsand productivity changes resulting from internal mobility. Thegenera point
we have made—that studying prior interactions between learning by firms and workersisuseful in analyzing

mobility patterns—seems applicable to understanding the dynamics of al types of mobility.
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Table 1a.

Reorganizations and Officially Announced Staff Reductions

Release of Episode 1: Episode 2: Episode 3: Episode 4: Episode 5
Announcement March 1,1991 October 1,1992  April 23, 1993 April 13, 1994 June 19, 1995

Workforce 1,000 950 2,118 1,900 1,760
Reductions

(inFTES)

Compulsory 0 220 1,350 1,100 450
Dismissals

Source: A.A.M. Deterink, B.F.M. Knlppe, A.L. Leuftink, R.J. Schimmelpenninck, Bankruptcy Trustees’

Investigation of the Causes of the Bankruptcy of N.V. Koninklijke Nederlandse Viiegtuigfabriek Fokker, Fokker
Aircraft B.V. , and FokkerAdministration B.V., 1997, p. 117.



Table 1b.

Stylized Sequence of Layoff and Quit Events at Fokker

(All workers between 17 and 54 years old with positive payroll amounts)

Episode 1:

Period between  March 1, 1991

Announcements  Sept. 30, 1992
Quits 363
Lay-offs 66
Remaining 9606
workforce

Episode 2:

Oct. 1, 1992
April 22, 1993

306

885

8396

Source: Fokker Administration B.V. Personnel Files.

Episode 3:

April 23, 1993
April 12, 1994

491

676

7099

Episode 4:

April 13, 1994
June 18, 1995

505

285

5990

Episode 5:

June 19, 1995
March 15, 1996

243

2578

2619



Table 2a.
Means of Selected Variables at Firing Episode 1, by Date of Departure from Fokker®

Group
6 5 4 3 2 1
Remained Left at:

Variable t=5 4<t<5 3<t<4 2<t<3 1<5t<2
Male .871 913 900 .890 .848 .798
Married .688 613 582 488 446 .467
Education:

Basic .589 534 294 546 590 .593

Low .264 251 280 .268 .253 .219

Medium .109 Jd46 191 111 .090 .097

High .037 070 236 .076 .068 .090
Education:

Technical 723 746 678 704 628 .604
Y ears of tenure 10.63 1010 865 599 499 7.12

(.15) (.15) (.23) (.18) (119 (.31
Job evaluation 3.57 349 327 334 326 327
(.01) (01 (02) (.02) (.01 (.02

Number of internal 4.00 354 246 415 392 301
training courses (.10) (.09 (12 (13 (13) (.19
Number of external .50 51 .68 .60 .59 .38
training courses (.02) (.02) (04 (.03) (.03) (.03
Red sdary 47.06 4922 56.86 43.10 40.98 43.30
(2,000 guilders) (.33) (.38) (.68) (.48 (46) (.69

Standard errors of meansin parentheses here and in Tables 2b-2e.

®Hereandin Tables 3 and 4 Basic educational level means secondary schooling only; Low means|ower-level vocational
training (Ibo) or lower-level general schooling (mavo); Middleismiddle-level vocational training (mbo) or middle-level
general schooling (havo/vwo); High refersto higher-level vocational training (hbo) or a university degree.



Table 2b.
Means of Selected Variables at Firing Episode 2, by Date of Departure from Fokker

Group
6 5 4 3 2
Remained Left at:

Variable =5 4<t<5 3<t<4 2<t<3
Job evaluation 3.63 351 330 345 331

(.01) (.01 (.02) (.02) (.01)
Number of internal 6.12 519 378 576 5.04
training courses (.12) (1) (15 (15 (19
Number of external .79 .84 .99 .93 72
training courses (.03) (.02) (.05 (.04 (.03
Red saary 49.19 5152 59.60 4594 4272

(1,000 guilders) (.34) (38) (68) (47) (44)



Table 2c¢.
Means of Selected Variables at Firing Episode 3, by Date of Departure from Fokker

Group
6 5 4 3
Remained Left at:

Variable t=5 4<t<5 3<t<4
Job evaluation 3.61 351 329 340

(.01) (0 (.02) (.02
Number of internal 6.84 571 4.06 6.09
training courses (.13) ((12) (.16) (.16)
Number of external .88 .93 1.05 .99
training courses (.03) (.03) (.05 (.04
Red saary 49.17 51.58 59.89 46.05

(1,000 guilders) (.35) (.38) (.67) (47



Table 2d.
Means of Selected Variables at Firing Episode 4, by Date of Departure from Fokker

Group
6 5 4
Remained Left at:
Variable =5 4<t<5
Job evaluation 3.63 349 3.26
(.01) (.01 (.02
Number of internal 7.62 6.30 4.30
training courses (.14) (.13) (.16)
Number of external .99 1.01 1.10
training courses (.03) (.03) (.05)
Red sdary 51.48 53.66 61.02

(1,000 guilders) (.36) (39) (67)



Table 2e.
Means of Selected Variables at Firing Episode 5, by Date of Departure from Fokker

Group
6 5

Remained Left at t=5

Variable
Job evaluation 3.62 3.49
(.01) (.01
Number of internal 7.80 6.31
training courses (.14) (.13)
Number of external 103 1.01
training courses (.03) (.03)
Real sdary 52.08 53.88

(1,000 guilders) (.36) (.41)



Table 3a.

Determinants of Turnover Probabilities: Worker Initiated Separations

Episode 1 Episode 2 Episode 3 Episode 4 Episode 5

Variables

Constant -842 (556)  .742 (.829)  .115 (1.03) -.1.13 (1.27) -.891 (1.34)

A?le% ; 25) 044 (.021) -.042 (.026) -.022 (.026) -.034 (.027) -.057 (.038)
[25; 30) 029 (.017) -.042 (.022) -.017 (.023) -.019 (.022) -.023 (.030)
[30; 35) 020 (.015) -.037 (.018) -.018 (.021) -.022 (.020) -.027 (.026)
[35; 40) 020 (.013) -.037 (.016) -.017 (.019) -.026 (.017) -.030 (.024)
[40 ; 45) 009 (.011) -.029 (.014)" -.015 (.016) -.026 (.015) -.032 (.021)
[45 ; 50) 004 (.011) -.029 (.013)" -.014 (.015) -.029 (.014) -.032 (.019)
[50 ; 54] .005 (.011) -.035 (.013)" -.018 (.014) -.017 (.018)

Tenure -042 (.007)" -.072 (.012)" -.023 (.009)° -.038 (.023) -.030 (.013)'

Female -045 (.081)  .058 (.096) .072 (.086)  .090 (.096)  .176 (.129)

Education: (referenceis 1: Basic Level)
2: Low .049 (.064) -.220 (.115) .097 (.100) 234 (.125) 480 (.187)

3: Medium 121 (.086) -.237 ((200)° .301 (.124)  .091 (.388)  .800 (.213)"
4: High 021 (102) -291 (1197) 423 (147) 003 (.392)  .448 (.253)
Techn.Educ. -.181 (.064)" -.216 (.083)" -.141 (.075) -.109 (.115) -.252 (.092)
Full-time -1.37 (.331)" -.761 (557) -.124 (.370) .309 (477)  .318 (.511)
Int. Courses ~ -.009 (.006) -.008 (.016) -.024 (.005)" -.007 (.010) -.006 (.006)
Ext. Courses -.027 (.026) -.036 (.052) .086 (.017) .077 (.046)  .069 (.033)
Married -191 (.056)° -.048 (.093) .031 (.064) .118 (.104)  .132 (.088)

Distance .005 (.001)" -.000 (.002) .003 (.001)° .001 (.002)  .000 (.002)



Episode 1

Variables

Educl*Q,, -
Educ2*Q,, -

Educ3* O, ,

Educd* O, , -

N

Educl* F,, -
Educ2* I:”I.,_l
Educ3* F,, -

N

Educd* F,, -

1
Aira

Diagnostic statistics

Pseudo R .099
Log L -1388.4
Observed O, .036
Predicted O, .021
N = 9935

Standard errors in parentheses.

" = p<.05 hereandin Table 3b.

Table 3a, continued

Episode 2

-1.53 (2.96)

-535 (2.75)

-5.73 (3.88)

3.77 (3.64)

-6.49 (4.39)

-9.35 (7.42)

66.4 (38.0)

-41.9 (36.3)

049 (.175)

.108

-1196.8

.032
.016

9485

Episode 3

728 (3.51)
5.89 (4.25)
-2.42 (5.09)

2.32 (3.11)

-.741 (.556)
-3.63 (1.02)"
-2.01 (1.78)

-9.05 (3.59)"

-.387 (.166)"

.078

-1687.0

.061
.046

7992

Episode 4

-1.31 (3.28)

-.997 (1.83)

-.769 (3.30)

327 (2.54)

569 (.739)

371 (1.20)

3.96 (3.37)

6.27 (4.45)

194 (.428)

091

-1558.3

.083
.063

6014

Episode 5

-4.61 (2.90)

-3.16 (2.10)

-4.14 (1.92)

-2.25 (1.74)

858 (2.98)

-.894 (3.16)

-.616 (5.41)

7.25 (4.24)

072 (.407)

.079

-885.5

.045
.033

5221



Variables
Constant
Age
[17 ; 25)
[25 ; 30)
[30; 35)
[35 ; 40)
[40 ; 45)
[45 ; 50)
[50; 54]
Tenure

Female

Education:
2. Low

3: Medium
4: High
Techn.Educ.
Full-time
Int.Courses
Ext.Courses
Married

Job Evaluation

Table 3b.

Determinants of Turnover Probabilities: Firm Initiated Seperations

Episode 1

-2.57 (1.57)
.042 (.049)
.022 (.037)
.012 (.031)
.023 (.028)
.010 (.021)
.001 (.019)
.004 (.019)
-.094 (.033)

-167 (.152)

-.004 (.130)
-.570 (.340)
-515 (.268)"
-.387 (.183)"
-1.41 (1.16)
-.104 (.024)"
-.322 (1118)°
-.635 (.183)"

-.308 (.112)"

Episode 2

-5.07 (.741)
-.016 (.026)
.002 (.023)
.010 (.020)
.006 (.019)
.010 (.016)
.004 (.015)
-.004 (.016)
-.179 (.025)

.079 (.080)

-514 (122)°
-.889 (.198)"
-.862 (.193)"
.007 (.088)
-528 (.375)
.002 (.004)
-114 (.023)"
-.346 (.050)"

-.213 (.040)"

Episode 3 Episode 4

-394 (.937) -4.34 (1.71)
-011 (.023) -.014 (.041)
-000 (.019)  .009 (.030)
-004 (.017)  .001 (.027)
.008 (.015)  -.020 (.027)
004 (.013) -.016 (.025)
007 (.012) -.031 (.027)
023 (.011)" .037 (.014)"
-030 (.012)" -.057 (.023)
026 (.091)  .207 (.132)°
-185 (.105)  .476 (.262)
-1.09 (.233)  .151 (.283)
-1.10 (.342)°  -.021(.305)
309 (.070) -.429 (.125)
890 (.379)° -.341 (.425)
.038 (.006)° -.018 (.008)"
-143 (.027) 221 (.068)"
-211 (.053) 294 (.141)"
-012 (.040) -.082 (.046)

Episode 5

1.44 (.937)
.044 (.025)
042 (.018)°
041 (.016)
.040 (.014)°
.038 (.013)"
036 (.012)"
041 (.012)°
-.017 (.005)"

353 (.082)"

-190 (.161)
-467 (.269)
306 (.293)
171 (.071)°
-1.07 (.306)"
-.013 (.003)"
-.015 (.014)
-.292 (.048)"

-.143 (.030)"



Variables

Educl* Q.,
Educ2* Q,,
Educ3* O,
Educd* O,

Educl* F},_;

Educ2* F,,_;
Educ3* £, ,

A

Educa* F,

0
A

Diagnostic statistics

Pseudo R 2
LogL

Observed F,
Predicted F,

N=

Episode 1

1.51 (.819)

173

-309.6

.006
.001

9575

Table 3b, continued

Episode 2

24.1 (1.67)
26.8 (2.42)"
12.1 (5.74)"
17.6 (2.50)

-4.66 (3.70)
-1.49 (4.93)
76.8 (63.8)

-66.9 (30.9) "

2.45 (.398)"

240

-2186.7

.095
.050

9182

Episode 3

3.85 (1.98)"
013 (1.99)
4.93 (2.44)"
2.89 (2.63)

614 (.341)
2.45 (.763)"
-617 (2.32)
2.60 (4.15)

-.954 (.390)"

81

-1853.2

.089
.053

7507

Episode 4

-5.16 (1.86)"
-5.19 (1.47)"
-4.54 (1.63)"
-4.93 (1.93)°

2.60 (.650)"
5.57 (1.18)"
19.0 (4.53)
32,5 (9.33)"

2.03 (.960)"

.064

-1043.3

.046
.037

6020

Episode 5

-2.41 (5.97)
-2.31 (2.99)
153 (2.62)
-3.83 (2.69)

-1.58 (1.18)
-137 (1.16)
-2.62 (2.36)
-10.1 (5.32)

-451 (.290)

.032

-3342.7

512
513

4985



Male
Married

Education:
Basic

Low
Medium
High

Education:
Technical

Y ears of tenure

Job evaluation

Table 4.

Statistics Describing Workers at Episode 1 and After Episode 5

All Workers

872

.565

537
.258
123

.082

.691

8.30
(.08)

3.40
(.01)

Number of interna  3.62
training courses  (.05)

Number of externa 0.53
training courses  (.01)

N

10027

At Episode 1

Workers Laid

.865

397

.684
247
.041

.028

.680

5.00
(.16)

3.28
(.01)

451
(12)

0.38
(.02)

1912

Standard errors of meansin parentheses.

Workers Remaining
Off Episodes 1-4 Through Episode 5

.892

.651

.562
.258
127

.053

.735

10.37
(.12)

353
(.01)

3.78
(.07)

0.50
(.01)

5435

At Episode 5

Workers Remaining
Through Episode 5

.892

.629

.519
273
141

.067

731

14.06
(.10)

3.55
(.01)

7.02
(.09)

1.03
(.02)

5435



Table 5.

Coefficients Describing Firm Tenure in Log-Earnings Equations, and Estimates of Losses Due to
Displacement

Tenure Coeffients

AtEpisodel At Episode5

Variablée®
Y ears of tenure .024 .020
(.001) (.001)
(Years of tenure)/100  -.049 -.036
(.002) (.004)
Adjusted R? 811 744
N 10027 5435

Estimated Average Losses (log-points of annual earnings)

L oss based on Firm Closing 213
%

L oss based on workers 242
Remaining at Episode 5
Facing Wage Structure L°

Loss based on al workers  .208
Facing Wage Structure L°

L oss based on non-quitters 222
Facing Wage Structure L°

*The equations also contain indicators of age, educational attainment, part-time status, marital status and sex, and
continuous measures of job evaluation and the numbers of internal and external training courses pursued.
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