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ABSTRACT
Downsizing’

Optimal layoff rules in closed form are derived for all workers in a firm that downsizes under
uncertainty and faces heterogeneous firing costs. The theoretical model predicts that the firm
displaces workers with low firing costs, low expected future productivity growth, and low
layoff option values. The empirical analysis based on personnel records from a Dutch aircraft
building company that went bankrupt in 1996 shows that workers with high uncertainty
associated with higher than average expected productivity growth are most likely to be
retained.
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Introduction
One of the most disputed focd points of European employment policies is the protection of

jobs through layoff deterrence legidation that intends to raise firing costs and forestdl layoffs (Nickell,
1978). Macroeconomic studies find modest evidence of firing costs upholding the equilibrium level of
aggregate employment (Bentolila and Bertola, 1990). At the industry leve firing codts are found to
lengthen the equilibrium adjustment process of labor demand (Pfann and Palm, 1993). Direct
measurements of adjustment codts &t the establishment level have shown that firing codts differ among
types of workers as well as among production technologies (Pfann and Verspagen, 1989).

Firing costs are not exclusve to European labor markets. Microeconomic labor demand
dudies in the US find that adjusment codts are fixed a the firm leve, rendering a firm's optima
upward and downward adjustment processes lumpy (Hamermesh, 1989). A firm that is engaged in
optimally designing displacement policies during bad times, and accounts for differences in firing costs
between workers performs better in the future and lives longer (McLaughlin, 1991). There is dso
evidence showing that rigng firing costs in the US related to litigation indigate a process of
subdtitution of individud firings by mass layoffs (Oyer and Schaefer, 2000).

But what is not known -- and what is crucid to understand the influences of employment
protection policies on the vaue of thefirm -- is how variationsin firing costs among workers trandate
into differences in personnel policy rules. Heterogeneous differences in adjustment costs not only
afect the wage didribution indde a firm, they lead to differences in recrutment and layoff
probabilities as well. In this paper | take a microscopic look & the layoff policy of afirm in demise,
and sudy the actud displacements to learn more about the effects variations in firing costs have on
the firm’'s value, and how these differences are reflected in decisions about which workers will be

displaced or retained.



Although the most sizable labor force reductions occur during recessons, cutbacks in
establishments happen frequently in emerging industries as wdl (Jovanovic, 1982). The increases in
business failures and mass layoffs that characterize the booming economies of the late 1990's are a
good illugration thereof. The explicit formulation of optima downszing rules for heterogeneous
workers thus speeks to dl firms fachg imperative workforce reorganizations. Thinking about
heterogeneity in firing costs aso vouches workers continuing but unequd risks of getting fired for
reasons of economic redundancy. In fact, over the period 1981- 1995 a steady annua 1.25 percent
of job lossis caused by plant closing (Farber, 1997). In 1999, the US manufacturing employed 18.4
million workers. Thisimplies that 230.4 thousand workers were facing job losses due to plant closing
that year. The losses foreseen by displaced workers are considerable (Hamermesh, 1987), and
most enduring (Jacobson, et al. 1993). When better layoff policies can be designed, firms may
survive longer and more jobs can be saved, while less firm specific human capita is wagted. In this
paper | sudy how a firm in demise formulates its employment policy while maximizing under
uncertainty the present vaue of the expected future stream of profits from each retained worker
individudly.

In a recent survey of the literature, Hamermesh and Pfann (1996) showed that fixed costs
regimes a the firm levd have only been andyzed empiricdly under the assumption of myopic
foresght. A novdty put forward in this paper is the derivation of idiosyncratic optima displacement
rules in closed form for a firm that reduces its workforce under uncertainty and faces heterogeneous
firing cogts. Due to the fixed nature of firing cods through time, a downsizing firm is mogt likely to
adjusts its workforce in a lumpy fashion. Two-sded employer-employee learning makes it

worthwhile though to outspread a sizable workforce reduction over a sequence of lumps rather than

' This number comprises only apart of al layoffs. Farber includes only workers with at least three years of tenure
with the shutdown firm. So this number is alower bound.



carry out one big mass displacement at once (Pfann and Hamermesh, 2001). As soon as afirm has
reached a state of insolvency, however, the option to choose the optima size and time to downsize
has expired. This is the Stuation analyzed in this paper. | find tha once workforce reduction is
immediate, three individua worker characterigtics are crucid for the firm's choice to decide which
workers to retain or to layoff. These are a worker's firing cods, the idiosyncratic expected
productivity growth, and the idiosyncratic uncertainty of the expected growth in productivity. The
theory presented in this paper predicts that a downsizing firm displaces workers with low firing costs,
low productivity growth, and low uncertainty about future productivity growth.

Tedting these predictions is based on a case of bankruptcy in the European arcraft industry.
The Dutch aircraft manufacturer Fokker, with headquarters based in Amsterdam, went bankrupt on
March 15, 1996. Directly after the bankruptcy, the trustees restructured Fokker before selling the
company’s parts that were gtill consdered viable. The bankruptcy trusteesincreased the efficiency of
the production process and closed down the divisions responsible for the design, development, and
production of new aeroplanes. At the time of the bankruptcy the company employed 6,970 workers,
divided over six geographicaly dispersed divisons.

A new company, creeted right after the bankruptcy, employed only 2,420 workers, while
900 others remained working for the trustees to finish off products already ordered. A totd of 3,650
workers were permanently discharged. On July 17", 1996 the trustees sold the firm they created for
300 million guilders to Stork, another Dutch manufacturer (Deterink et al. 1997). | estimated the
vaue gained from accounting for worker specific firing codts, idiosyncratic future productivity growth,
and individud firing option values to yield 4.5 percent of every retained worker’ s annud earnings.

The paper is organized as follows. Section 2 presents the theoreticd modd of downsizing a
workforce under uncertainty. Theoretical predictions are derived about worker characteristics that

affect the firm's propensty to fire. Section 3 portrays the data used for the empirical andysis. In



section 4, the structurd econometric mode is derived from the theory and is estimated using the
Fokker personndl data set. Section 5 sets out in detail the procedure of how to cdculae the vaue
added to a firm, when in the process of downsizing worker variety in firing costs as well as expected
heterogeneous future productivity growth and idiosyncratic uncertainty are integrated into the firm's
layoff contingency plans. Section 6 discusses possible generdizations of the anadlyss and policy
implications. Section 7 concludes.

. A Theoretical Mode of Downsizing the Workforce of a Firm under Uncertainty

Congder arisk-neutra firm that maximizes its expected net present value of profits The firm
can hire a worker with a bundle of characteristics X and generd productivity Ys(X). If the labor
market is perfectly competitive and transparent with respect to X and Ys(X), then in the absence of
hiring and firing codts the generd  productivity of each worker with characteristics X is equd to the
wage We(X) offered in the labor market, or Ye(X)= We(X).

A dedining firm faces firing costs when reducing the sze of its workforce, then for every
worker in equilibrium it holds that Ye(X)=We(X)+F, where F are firing cods. Firing costs are
irreversible, meaning that rehiring is equivaent to new hiring. Fring cods differ anong workers. The
assumption of heterogeneous firing costs is a novelty in models of workforce adjustment that makes it
possible to investigate the selection process of a firm when making choices about which workers to
fire. In addition to worker-specific firing cods, idiosyncratic productivity growth and the
accompanying uncertainty determine the firm's optima layoff decisons under uncertainty.

An expanding firm can invest Q to bud a new worker's taents to produce a firm specific
Ys(X,Q) in addition to Ys(X), for which the firm pays an additiond Ws(X,Q) in return (Oi, 1962). |
assume asymmetric adjustment, so that Q>F (Pfann and Verspagen, 1989). If the firm has
monopolistic power with respect to its own firm specific technology Ys, then at the onset of the

worker-firm's reaionship it holds that Ys(X,Q)> W5(X,Q)>0 for al X and Q>0. The possihility for



a worker D receive stocks and bonds as part of the employment contract is not considered in this
modd. The firm’'s dae of reauns from firm  gspecfic humen  capitd  is
X, Q) = (Y5 (X,Q) - Ws(X,Q))/Ys(X,Q), and 0< S(X,Q) <1 for this worker. The instant
return a firm can obtain from investing Q is defined as

21 P(X,Q) =Ys(X)- Ws(X)+Ys(X,Q) - Ws(X,Q),

with P*(X,Q) 8 0 fordl X iff Q>0. The return is concave in the number of workers hired, which is
the standard assumption in dynamic labor demand modes (see Nickdl, 1986). Moreover, the
specific profit structure is such that the returns per worker are maximized at some optima investment
leve Q" < . sothat IP"(X,Q)/1Q3 0 and 1P " (X,Q)/1Q? <0.

Once the firm has invested Q, the current profit stream of the margind worker is known with
certanty. Snce W, (X) >0, the worker faces quitting costs, which | assume are constant.
Consequently, the firm has obtained wage bargaining power, so that Y, (X) - W (X)- F >0 in
the future, if Y, (X)) grows through time. The stochagtic part of the worker’s future returns for the
firmis defined as
(22)  P(X,Q)=Y5(X)- W5 (X,Q) +Ys(X,Q),
which becomes more uncertain the farther in time lies the horizon over which the returns of the
investment will be discounted. This uncertainty emanates from the possibility of exogenous shocksin
the demand for the firm's product or unforeseen idiosyncratic or economy wide technology shocks.

The stochadtic part of the worker-specific profit, p (omitting the addenda X and Q for
notationa convenience), is assumed to evolve randomly but exogenoudy over time as a geometric

Brownian motion with the following continuous time representetion

(23) dP/P =nudt ++/s "dz, s™>0,

where dzis the increment to a standard Wiener process, with



(24) FE[dz]=0, E[dz*]=dt.

At t=0, P, >0 and known with certanty. The random profit P a time t>0 is log-normdly
distributed with mean In(P ;) + (m- s ™t , variance s ™t and E[P, |P ,] = exp(nt) , so that 1
is the trend growth of the profit stream the firm expects in return of having invested Q in the worker's

firm specific human capitd. And if W, is sticky or not downward adjustable, then al the growth in

profits comes from the worker's general or specific productivity growth.
| assume the size of the downward adjustment to be predetermined?. The downsizing firm's
firing decisons are dl solutions of stochadtic dynamic programming problems. There is only one

discount rate r > 03 Each worker's vaue V(P ) changeswith P and the expected future returns
E[dV(P)/dt] are equa to the normal returns rv/(P). The flow of profits when retaining the
worker yields p , so that V(P ) mudt satisfy

(25) 1s "P2(d*V(P)/dP %) +mP(dV(P)/dP)- rV(P)=W,- P .

The generd solution to the homogeneous part of this second order differential equation can be found
by subdtitution of agenerd solution in theform

(26) Vv(P)=P'; dv(P)/dP =IP'™; d*vV(P)/dP? =1?P' 2.

into (2.5). Thisyields

@7 s (I -D)+m -r =0,

that has two solutions, one being negetive and one postive and outside the unit circle. More

explicitly,

?In the case of athrough-start after abankruptcy the new firm's sizeismost likely to be determined by the
constraintsimposed upon by the financial institutions financingit.

*| assume that the financial market trades only one product for which the firm can receive a constant and certain
return I > 1T each period of time.
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A particular solution of the inhomogeneous part of the differentid equation (2.5) is found in linear

form as

(29) V(P)=P/(r - m)- Wg/r -

This can be interpreted as the firm's net present vaue of expected profits from the ongoing
production of the worker under consderation to be perpetudly retained. The general solution of the
inhomogeneous differentia equation (2.5) yidds

(210) V(P)=L P +L,P"*+P/(r - m- W, /r ,

where L ; and |, are constants.

The downgizing firm can fire or retain the worker. When firing aworker, it can renireasmilar
worker a the costs of Q to bud firm specific tdents in case that the expected returns rise above
somepoint P, . Theoption value of thisdecisionyields L ,P '+ . Alternétively, the firm can retain the
worker, kesping the layoff option open that isworth L ,P '°, but discharge the worker once p falls
below some point P . Inmany other investment decisions this aspect is found to be quantitatively
important (Dixit and Pindyck, 1994). The firm's tardiness (hysteresis) in changing the sze of the
workforce depends on the distance ||P , - P || that arises from Q and F, the option vaues
asociated with these adjustment costs, and the growing uncertainty surrounding p . The vaue of

accounting for this uncertainty in future productivity growth of each incumbent worker can be derived

in the closed formsolution as follows.



Opposite to a growing firm, the firm in demise faces rather smdl P's for mog of its
incumbent workers. Given this, the firm’'s option vaue of workforce expanson is negligible, or
L, =0. Meanwhile the option vaues of workforce reduction can become quite large, or L, > 0.
Then the vaue of the troubled firm's margina worker yidds'

(211) V(P )=L,P " +P  /(r - m)-Ws/r .
If the firm fires this worker, when V(P ) + F <0, it isgiving up the discounted vaue of perpetud
returns from the worker’s firm-specific capital plus the option vaue to fire later. An optima layoff

policy complies with the two boundary conditionsfor P (Bentolilaand Bertola, 1990):

(212) L P " +P  /(r - m-Ws/r =-F, -- aworker's value matching condition --
and
(213) | L,P L'°‘1 +1/(r - m =0. -- aworker's smooth pasting condition --

The expression for P in closed form then becomes (cf. Dixit, 1989)

& - moel, O
(2.15) PL:gr—: I 01-+(WS— rF).
0o~ -9

Equation (12) is a useful expresson to predict when a firm downsizes, and if so, which type of

workers it is mogt likely to retain. Sncer >y andl , <0, thefirst two terms on the right hand side
are podtive. The last term must be positive for al incumbent workers as well, since Q > F , and the
worker would otherwise not have been hired. Thus the boundary value P is dways postive and
can be interpreted as the firm's indlingtion to retain a worker: the lower P |, the more reluctant the
firm isto fire this worker, and vice versa. It isnow possibleto predict how changesin r , i, s ™,

Ws, and F separately would dter p | . The predictions are:

“ Similarly, the value of an expanding firm's marginal worker yields V,, (P) = L ,P =



Predictionl: P /qr >0

When the red interedt rate is higher afirm downszes fagter. This result corresponds with the genera
finding from the investment literature that overal investment decreasesiif the interest rate rises. It so
points a a microeconomic rationdization of the macroeconomic relationship between the red rate of
interest and the natural rate of unemployment (Sargent, 1973).

Prediction 1 emphasizes the importance of risk-adjusted discounting when insolvency risk
jeopardizes the future of the firm: a larger part of the workforce is discharged when the chance of
bankruptcy is larger. This result draws on the contribution by Merton (1979) on the possibility of a
‘complete ruin’. The process for dP /P could be extended with an exponentidly distributed
Poisson process dn with mean 3/ . The probability of a‘complete ruin’ -- dn=-1 -- isequd to

t dt . Equation (2.3) then becomes

(23) dP/P =ndt++/s "dz+dn.
An increase in the jump probability t is coherent with an increase in the discount rate. All of the

above results remain unaltered except that theinterest rate r isreplaced by (r +t ) with t > 0.

Prediction2: qP , /fm<0 (Figure 1, Graph A)
The downsizing firm is more likely to retain workers with higher expected within-firm productivity
growth. Thisis an gppreciated result in the literature of worker turnover that is related to the fact that

higher valued worker-employer matches are more likely to survive (Tope and Ward, 1992).



Prediction3: qP  /fs " <0 (Figure 1, Graph B)

The downsizing firm prefers workers with more uncertain future productivity growth for the same
reason why growing firms like these workers: the chance of higher productivity aso increases the
firm's share in this worker’'s expected future returns and is therefore more likely to be retained. This
isanew result that refutes the proposition put forward by Lazear (1995) that a declining firm prefers
risk-free workers to ‘risky’ workers. Even a firm in demise can benefit from the uncertainty of a

worker's future productivity growth.

Prediction4: P /W >0

Holding congant the firm's share, S of returns on investing Q in a worker’s firm-specific human
capita, a worker with higher Q has a higher productivity while earning the same Ws, and thus hasa
higher likelihood of being retained upon a reorganizaion (Jovanovic (1979)). Since Ws is an
equilibrium outcome, the firm may pay more to one worker with the same amount of Q than to
another. This means that Sis lower for this worker and 0 is this worker’ s value to the firm. Thus,
holding Q congtant, the firm is inclined to layoff workers with a high Ws (Mortensen and Pissarides,

1994).

Prediction5: P /TF <0 (Figure 1, Graph C)
A worker with high firing cods is less likely to get displaced by the firm. This result compares to that
of Bentolila and Bertola (1990) for aggregate employment. Examples are unionized or insider

workers are being fired later than outsder workers. At the individud worker leve, dtatutory
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replacement cogts born by the firm are often determined as a function of a worker's last earnings.
This points a a negative relationship between aworker’s earnings and the risk of layoff.

Summarizing dl of the above results, the theory of downsizing with heterogeneous firing costs
and uncertainty encompasses the earlier structurd models of worker turnover under rationa
expectations. A new result is that the higher-variance productivity growth people are the ones who
are less likely to be fired (more likely to be retained) when the reorganization is imminent. Hence, a
downsizing firm can be defined as a firm that has access to a specific production technology and
displaces workers with the least firing codts, the lowest productivity growth, and the smalest layoff
option vaue. The layoff option vaue results from the idiosyncratic uncertainty about the future
development of a worker’s productivity growth. The importance of this vaue for a downsizing firm
that maximizes the expected future returns under uncertainty from investments in firm specific
productive capacity of its retained workers will be investigated in the sequdl of this paper.

1.  Fokker Aircraft (old) and Fokker Aviation (new)

To test the theoreticd predictions of the downsizing model data will be used from personnel
records of a Dutch aircraft manufacturer, Fokker. The company was founded in 1919 and went
bankrupt in 1996. Before the bankruptcy the firm went through a series of mass lay-offs that started
in 1991 with the ingdlation of anew early retirement plan for 55 years and older workers and ended
with the firm's bankruptcy on Friday, March 15", 1996. The data used in this paper consst of all
tenured workers personnd records at the time of the bankruptcy, excluding those working at the
Fokker Aircraft heedquarters (780 employees) in Amsterdam and of the management team (5
employess).

3.1 HowWagesAre St inthe Firm
For each employee the data record any wage change and the date of the wage change. In

generd, most of the observed changes in wages of workers are mass mutations that result from
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contractud periodical -- modly annud -- increases or collectively negotisted wage increases
including price compensation. Idiosyncratic wage changes can result from promotions or extra
periodical incresses.

Table 1A shows how the average hourly wage ingde the firm changes during the lagt hdf
decade of the firm for workers that are retained or displaced after the 1996 bankruptcy. Reported
are average hourly wages (in 1995 Dutch Guilders), and the percentages of wage growth during
three different spells: 1991-1996, the complete spell of firm demise that includes the first years of the
new early retirement scheme and end at the day of the bankruptcy; 1993-1996, the spdll of structura
reorganization, when not only ederly workers and production workers were laid off, but when
managers were fired as well; and 1995-1996 the last ten months of the firm’s existence. On average
real wages were growing with 2 percent points per year and this rate of growth was dightly larger for
those workers that were eventudly retained. During the find year there is hardly any noticegble
change in the firm’s wage digtributions.

Table 1B zooms in on the compositiona change of the wage distribution among incumbent
workers during the company’s last year. It shows that especidly at the distribution’s extremes
changes occur for alimited number of people. These changes give rise to an increased variance and
positive skewness, suggesting most changes occurred at the upper tail of the wage distribution.

3.2 SxPlants

Before the bankruptcy the firm existed of six geographicaly dispersed divisons or ‘plants
that were al part of the reorganization by the bankruptcy trustees. After the bankruptcy, the trustees
created a new company, Fokker Aviation, that contained all the viable parts of the bankrupt Fokker
Aircraft. Three divisons that existed before the bankruptcy carried on practicaly unatered. They
were Fokker Special Products B.V. in Hoogeveen (plant 1), Fokker ELMO B.V. in Woensdrecht

(plant 2, that specidized in the design and production of dectronic systems for civil and military
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arcraft industry, and Fokker Aircraft Services B.V. aso in Woensdrecht (plant 3). The three other
divisons, onein Y penburg (plant 4), one in Papendrecht (plant 5), and one a Schiphol Amsterdam
(plant 6) together with the headquarters in Amgterdam formed the holding Fokker Aircraft
employing 5,200 workers &t the day of bankruptcy. This holding designed, developed, and built new
arcrafts. After the bankruptcy, two new divisons were crested out of this holding: Fokker
Aerostructures B.V. and Fokker Product Support B.V. that employed only 950 workers. The five
divisons tha continued to exist together formed Fokker Aviaion B.V. tha employed 2,420
workers. In addition, the trustees selected 900 workers to continue finishing unfinished products and
to help wrapping up the parts of the firm that were closed down. In total of 3,650 workers were
permanently discharged (see Chart 1). On July 17", 1996, Fokker Aviation B.V. was sold for 300
million guilders to another Netherlands manufacturing company, Stork B.V., after negotiations with
the Canadian aircraft manufacturer Bombardier hed failed.

On Monday, March 181, 1996, the first working day after the company filed for bankruptcy,
al workers employed & the day of the bankruptcy received an envelope from the trustees that
contained either one or two letters: the data set includes 2578 workers who certainly received a
sngle letter announcing the displacement to the addressee, and 2619 workers that aso received a
second letter stating a new one-year contract to work in the same job and the same wage for the
newly created Fokker Aviation B.V. or for the bankruptcy trustees. The discrepancy between the
numbers in the sample and the true numbers is due to incomplete information in the personnd files
being the most rdlevant cause of missng data and due to the fact tha the file didn't include
information on the management team. Throughout the paper | assume that the sample is
representative for the entire productive workforce, and that the missing of data is random and

uncorrelated to any of the decision processes described here.
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Table 2 presents for each of the company’s six divisions in increasing order of workforce
reductions the number of workers at the day of the bankruptcy. Each plant’s workforce is divided
into a group of workers that were retained after the bankruptcy, and a group of displaced workers.
For dl workers together and for each group separately | report their respective sizes, the layoff
incidence, the average hourly wages & the day of the bankruptcy (in 1995 Dutch Guilders), and the
percentages of wage growth during the three different spdls. 1991-1996; 1993-1996; and 1995
19%.

Layoff rates differ subgtantidly among the sx plants. The plants involved with arcraft
congtruction, plants 4, 5 and 6 lost 61, 64 and 66 percent of their workers, respectively. For the
sarvice and parts plants 2 and 3 only 12 percent of their workers were forced to go, while the
specid products plant 1 remained virtudly unchanged. Especidly for the plants with the largest lyoff
rates, it is found that since 1993 retained workers saw their real hourly earnings grow more rapidly
than those who were fired in the end.

3.3 Worker Characteristics

Three types of sdlection criteria were used in the layoff procedure. The list of social criteria
or ‘fairess quota included disabled workers, minority groups, single mothers, families with husband
and wife both working for Fokker, workers of 50 years or older, and the age distribution in generd.
The lig of behavioral characteridtics included menta flexibility, crestivity, communication skills,
interest in other people, need for structure, emotiona stability, self-confidence, frustration tolerance,
teamworker, leadership, and learning capacity. The list of performance characteristics included
education and socid background, experience, responsihility, language skills, proved performance,
aoility to ddegate, and organizationd skills. Sdection teams existed of group-leaders or group-

superiors that had been selected using the same selection procedure before. Externa observers were
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assigned to each sdection team to reduce the risk of maintaining ‘ old-boys-networks', to control the
use of the selection criteriain relation to the company’s gods, and to verify the quota system.

The characterigtics observed by the econometrician are the same as commonly used in
worker displacement studies (Kletzer, 1998), s.ch as age, tenure, gender, educationa level and sort
(generd vs. vocationd/technicd), hours worked, and maritd satus. In addition, information is
available for each worker about the number of internd training courses (paid and provided by the
company), the number of externd courses (paid by the company, but provided by private training
agencies), and the last annud performance evauation outcome.

331 Age

Figure 2 shows the age didribution of the whole workforce a the day of the bankruptcy
(Graph A), aswel as for retained workers (Graph B) and layoffs (Grgph C). | divided age into 7
different categories. These are £ 24 years; 2529 years, 30-34 years, 35-39 years, 40-44 years,
45-49 years, and 50-54 years of age. Tabel 3.1 presents the within age group averages of wage
levels, percentage growth, and the 95% confidence intervals for wage growth for the three periods.
The oldest workers faced the highest layoff risk. Layoffs with ages ranging between 25 and 49 years
old were high wage earners. And except for the middle age groups 30-34 and 35-39, dl layoffs had
lower wage growth since 1993, and with less dispersion.

3.3.2 Tenure

Figure 3 presents the tenure digtribution. 1t is different from the age distribution and shows the
exigence of vintages reflecting previous cycles of expanson and decline. Tenure is divided into 6
different groups according to the moddities in the tenure didribution of the workforce (see Figure
3.2, Graph A). The groups are £ 7 years; 8-11 years, 12-17 years; 18-22 years, 23-29 years, and
3 30 years of tenure. Graphs B and C of Figure 3 show that the firm's selection of workers was

done in such away that the tenure ditribution did not change by much.
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In Table 3.2 within group averages of wages and wage growth rates for dl tenure groups are
presented. Workers with the highest tenure are least likely to get displaced. Workers with up to 22
years of service with the firm and who were retained after the bankrupicy earned generdly lessthan
their displaced colleagues. Since 1993, however, for retained workers in al tenure groups, wages
grew faster and the growth was aso more dispersed.

3.3.3 General versus Vocational Schooling

The traditiona industrid character of the firm’'s production technology comes to the fore
when taking a closer look a the workforce's education compostion. Making the smple distinction
between generd and vocationd schooling, it turns out that 73.5 percent of al workers have a
vocationd background. Later on, in the econometric andyss, schooling will be further subdivided
between different educationd levels as well. But for the purpose of this section the partition into two
parts suffices.

In Table 3.3 within group averages of wages ard wage growth for workers with genera and
vocationd schooling are presented. For both schooling types, but especidly for workers with a
generd educationd background, the downsizing firm decided to keep low wage earners with high
and variable hourly wege growth.

3.34 Typeof Job

Two types of jobs are distinguished, production workers and managers. This distinction is
equivaent to the different representations of workers ingde the firm. Wage contracts of production
workers are collectively negotiated in a committee of union members, employer representatives, and
governmentd officias that sets new contracts annualy. The unions are dso important players in the
determination of the size of layoffs. Unions do not represent the firm’s managers. Their wage changes
are determined in aless forma manner annudly by the firm. In setting wages of managers more room

exigsfor individua negatiations.
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The firm displaced 46.9 percent of its production workers and 55.3 percent of its managers
(Table 3.4). Before the bankruptcy there were 2.1 production workers to every manager. After the
reorganization the ratio increased to 2.5. Both types of jobs do not show a difference in wage levels
between retained workers and layoffs. However, the wage of retained production workers and
managers grew significantly faster, and that growth was sgnificantly more dispersed as wdl. The
wage growth of retained managers was particularly large and became more dispersed after 1993.
3.3.5 Internal and External Training Courses

Ontthe-job training is provided in two ways. The firm invested in firm-specific productivity in
the form of the provison of internal training courses. The median worker followed 5 interna
courses. 45 percent of al workers took more than 5. The firm adjusted its workforce to genera
technology shocks by means of investing in the expansion of workers generd productivity through
finandng external courses provided by outside training agencies. Most workers were offered one
such course only; 24.7 percent had 2 or more.

In Table 3.5, for each of the two types of training courses the workforce was split into two
parts. one part had been trained more, the other part less than or equa to the median worker. Within
group averages of wage levels and wage growth rates are presented for workers with below or
above median internd and externd training courses. The firm retained most workers that had
followed above median interna training courses. With the exception of workers with more than the
median number of externd courses, dl retained workers wages grew a afaster pace than that of the
displaced workers.

3.3.5 Performance Evaluation

Table 3.6 shows sSmilar Satigtics as the previous ones but now for workers with high or low

performance evauation scores. Workers' job performance was evaduated annudly and the scores

they received ranged between 1 (bad) and 6 (excelent). With a sample mean of 3.5, low scores are
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1,2 and 3, while high scores are 4,5, and 6. The firm retained more workers with high evauations
scores. As of 1993, wages of retained workers grew faster in both categories.
3.3.7 Gender

At the time of bankruptcy the firm employed 10.9 percent femae worker. Table 3.7 shows
that just as their mae counterparts, the retained femae workers were low wage earners, whose
wages arted rising faster after 1993.

3.3.8 Marital Satus

Being married to another Fokker employee was one criterion used in the trustees quota
system to be sdected to stay. Table 3.8 shows that the downsizing firm indeed preferred to keep
married workers. Although wage levels were generdly lower a the time of the bankruptcy, wages
grew faster of married as well as unmarried workers who were retained.

By and large, most of the observable characteristics used as sdlection criteria in the layoff
procedure used by the bankruptcy trustees show an equa division between retained workers and
layoffs. The differences found between retained workers and layoffs are remarkably similar dong
practicaly al observed characterigtics. These differences are that layoffs earned sgnificantly higher
hourly wages, experienced less wage growth, and the wage change was less widdly dispersed.

V. TheEconometric Model
When the sze of the layoffs is predetermined and equas N-M, the firm seeks M out of N

workers as to maximize the sum of discounted future vaues V(P ), i=1,.,M, of al expected
returns from its investment Q in each worker, with P, being the firm’s layoff boundary for worker .
The downszing problem under uncertainty then yidds

41) MaxV(P")=Maxg i“ilV(P Nk
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V(P ;) ismonotonousin P ., so tha we would only need to be able to observe P, for dl

workers, order al workers by its Size, and sdlect the smalest M from the sorted array. However, the
nonlinearity of equation (2.15) in r , m and s™ makes it cumbersome to analyze every worker's

layoff boundary P ;. | suggest to use alinearized decision ruleinstead, writing P, inlinear form as

follows

P 9P P m, TP P 2
42 =+ — . +—F 2y,
( ) F)L| ‘ﬂrr+‘ﬂmm+‘ﬂsms' +ﬂWSWSI+ﬂF F|+o(p|)

0 ¢ (+) )

with O(p?) being a zero mean error term with standardized unit variance. Jointly the partia

derivativesformthe firm’slayoff policy that is assumed to be the same for al workers.

4.1  Measuring the Explanatory Variables

Thevaridblesr , m,s" , Ws , and F; need to be measured from the data set. P, isnot

observed, but it is known which workers are retained and which are not. This gives the following
employment decision rules
(4.33) Retainworkeri,or [P, =0 iff P, EC, ad
(4.3b) Layoff workeri,or |p =1 iff P,>C.

IP , isalayoff indicator variable, and C is an unknown constant used by the firm to determine the
cut-off point above which N-M workers will be displaced. For each worker, the layoff expectation
yidds
44 EP,-C>0=p'r +p™m +p°s"+p"Wg +p"F -C°p L,,
with the lower case p's denoting the respective partid derivatives given in (4.2). If O(p?)is

standard normally distributed, a worker’ s layoff probability becomes
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@45 Pr(P,-C>0)=Pr(IP, =)=F(@P L,).
The next step isto obtain observationsonr , m,s™, Ws , and F; for dl workers.

Measuring r

The interest rate itsdf is firm-specific and congant for al workers. But the probability of a
divison closure turned out not to be the same across the six different plants. This can be modeed by
dlowing for differences in dismantling probabilities -- different t’s for each plant -- among the Six
exiging plants. One way to contral for these differences is to include plant specific dummy variables.
The largest plant, no. 6, is chosen as the reference plant. Risk adjusted discount rates for plants 2, 3,

4, and 5 (plant 1 has too few layoffs to be included) are incorporated into the model

Measuring m

Under rationd expectations, the observed red hourly wage growth during the period
preceding the bankruptcy should reflect the expected future productivity growth most accurately.
Suppose that together with a common component C for dl workers, individud productivity
characteridtics Y, measured a the time of layoff determine the individua worker’s future wage
growth. The red hourly wage growth equation for worker i thenyields
(46) DInW(C)Y,)=a C+h Y +e",
whereq h are constant parameter vectors and e is aworker specific component.> The expected

wage growth given the current set of availableinformation W, is

47 E[DNW(EC.Y)|W]=a C+h Y.

® The data generating process of real industry wages is usually found to be an ARI(1,1) process (see Pfann and
Palm, 1993). After detrending, AR(2) processes for real wage dynamics are also found (Sargent, 1978).
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The vector Y; contain the seven age groups -- using the actud age rather than a dummy alows for
within group age variation and uses the available information more efficiently. Also induded in Y, are
seven (out of eight mutualy exclusive) schooling varidbles: four generd levels and three technica

schooling levels. The reference group is the lowest vocationa schooling leve thet is assigned to 38.5
percent of the firm's total workforce. The last performance evauation score, a job-type dummy for
managers, a femae dummy, and a dummy varigble for being married are dso included in Y. In
addition Y; contains the six tenure groups -- as with the age groups within group variaion is dlowed

for aswdll --, the number of externd training courses, and the number of internd training courses.

Measuring s ;"

An accurate way to measure s ™ that capturesidiosyncratic differences in the uncertainty of
future changes in productivity or the layoff option vadue when retaining a worker is to directly
estimate the heterogeneous uncertainty using equation (4.6). The heterogeneous component e is
known by the firm and determines the option value of worker i, or
(48) sM=§"° (&")?,
where " isthe observed residua after equation (4.6) has been fitted to the data. In order to obtain
an unbiased etimate of " the worker’s decision process to stay with the firm until the end must be

modeled explicitly, for the decision to stay or not to Say is the outcome of a non-random selection

problem (Pfann, 2001). The decison to stay ad DInW, are most likely correlated, so that a

graightforward estimation of (4.6), without controlling for a selection mechanism, would provide

biased estimatesfor " .
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To obtain unbiased estimates of " the worker's decision process must thus be modeled
explicitly. Suppose that aworker’s unobserved separation propensity Q,", based on a comparison of
the expected stream of future earnings ingide the firm and the expected stream of dternaive earnings
elsawhere. The separation decision under uncertainty is written as
49 Q =gz +u,

Z isavector of individud characterigtics explaining Q' at the beginning of the episode in which the
observed quit occurs, g is a vector of unknown parameters, and u is a worker-specific normaly
digtributed zero mean error with variance s °. A worker’s separation propensty is not observed,
but the actua outcome, Q, is. The worker’ s propensity to stay with the firm until the end is equd to
(4.10) Pr(Q =0)=1- F(g Z,),

with F (:) being the standard norma cumulative distribution function.

The correlation between the quit decision and the wage growth is defined as
(4.11) r,,, =corr(u;,e").

If ro, * O, then the regression equation that produces unbiased estimates for a and k, and
consequently for eV, yields

Q

(469 DInW(CY,)=a C+h Y, +r, =f(§ z)/IA- F@G Z)) -

w!
The residudse | from this regression are used as the measure for heterogeneous uncertainty about
future productivity growthand 8™ asin (4.8).

| propose to obtain estimates for s ™ for the three episodes 1995-1996, 1993-1996, and

1991-1996 independently. The first measurement of the observed variation in resduad wage growth,

§°%, covers the last year of the firm before bankruptcy. The uncertainty &% °° measures the

observed variation in resdud wage growth during period snce the firm Sarted its first attempt to
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downsize in 1991 when it introduced an early retirement plan for 55 years and older workers. Using
dl the information thet is available on these workers, § % differsfrom §* % asit dsoincludesa
period when the demise of the firm was not expected to be permanently ending up in the firm's
bankruptcy (see Deterink, et al., 1997). Moreover, 273 workers are observed to have entered the
workforce since 1991. The company’s structura decline started in 1993. To dlow for differences
between cyclicd and sructurd adjustments | aso include §°°° as a separate measure of
idiosyncratic productivity growth uncertainty estimated for the period 1993-1996. The results from
the estimation procedures to compute §* %, §*%, and §"% are not reported here. The
technique is sraightforward and has been used numerous times before. The results can be obtained
upon request.

Table 4 presents a summary of the outcomes for the three different measures of §™ divided
between retained and displaced workers. For dl time spells the average option value for retained
workers exceed that of displaced workers, just as the theory predicts. Expectedly, the further back
into the pagt, the closer the option vaues ratio between the two groups of workers is to one. The
resdua wage growth variance in the find yeer israther small. The information content of this episode
interms of differencesin option vaues among workersis therefore expected to be limited.

Measuring Ws;

The idiosyncratic premium that the firm pays a worker esch period for firm gpecific
productivity cannot be determined independently from the worker's overdl productivity. Wk
determines the share of return to the firm on firm specific investment a the time of hiring. At that
stage the negotiating power islimited for any worker. | assume that share is constant for al workers.

Measuring F;
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Statutory replacement costs are the most important firing costs faced by the firm.
Replacement costs are best estimated as being proportional to a worker’s annual earnings and to a
worker’'s tenure within the firm. Tenure is dready included in the vector of productivity
characterigtics Yi. Moreover, tenure has been one of the variables of the * quota-system’ used by the
trustees to select workers to stay. The interpretation of the tenure effect in the layoff probability is
thus a combination of expected future productivity, replacement costs, and ‘fairness'.

Although the law appliesto dl workersin asmilar manner, and given workers differencesin
tenure structures, wages differ and therefore so do firing costs among workers. In equilibrium the
expected firing cogts are the difference between productivity and earnings. But | do not observe
productivity and therefore suggest using the residua annua earnings didtribution at the time of
bankruptcy as a proxy of the digribution of heterogeneous firing costs among al workers. Thus,

F =j (w;), with §j /fw, >0, where w; denotes worker i's residua of the annua wage
equation a the day of the bankruptcy. In linear form, this produces the result that p FF, =p ™w,,
withp F* =j pF.

4.2  Estimation Results

A worker’s layoff probability written in terms of observable variables then yields
(412) Pr(IP, =) =F(p L)),
where
(413) p L,=p°C+@ " _p'D, +p"Y, +p*S ™ +p .

The estimation results for this structurd probit modd are given in Tables5 and 6.
Firing costs
The digtribution of statutory replacement costs among workers has been measured as the

resdua annua earnings didribution a the time of bankruptcy. At the time of the bankruptcy these
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firing costs were fixed for each worker, but varied among workers. The estimation results presented
in the first row of Table 5 show that, irrepective of the chosen specification for the worker’ s option
vaue of future productivity growth, workers with higher firing costs were more likely to be retained
by the downsizing firm, or g™ < 0. Thisis evidence in favor of Prediction 5 from the theory, and
corroborates with the results found in the exigting literature on firing costs and worker turnover
initiated by the firm.

I diosyncratic uncertainty of future productivity change

Table 5 presents a base-line modd (Column |) and the results for the three different
messures of uncertainty of worker specific future productivity change: the resdud wage change

squared, §™, for the respective periods 1991-1996, 1993-1996, and 1995-1995. When each

measure is used individually, the option vaue over the entire period of the firm’s demise, 1991- 1996,
is precticdly zero (Column 11). The period of sSx years is seemingly too long to carry worthwhile
information of future option vaues of individud workers in the case of downszing. For the periods
1993-1996 and 1995-1996 the parameters are both negative and significant (Columnsi |1 and | V).
The implication is that workers with higher layoff option vaues are less likely to be displaced. Thisis
conggtent with the theory and confirms Prediction 3. When all option vaues are combined, the
1993-1996 effect is the strongest, while the 1995-1996 effect disappears as well (Column V). This
is not surprising given the minima change observed in the wage distribution during the last months of
the firm’s existence.

The results suggest that uncertainty is good, because for a given average it increases the mass

in the upper tal. Usng §" as the measure of heterogeneous uncertainty, workers with less than

average resdud productivity growth are treated equally as workers with high resduals. But greater

meass in the lower tail can dways be taken care off by firing workers who revea themsdves as low
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productivity workers. Therefore | also investigated the possibility of an asymmetry of response of the
layoff probability around zero (Columns VI-VII1). The results show indeed that the responsiveness
is different to a squared positive resdud than to a squared negative resdud. In fact, mass in the
lower tail is diminished by increased displacement probabilities of those workers thet reveded aless
than average residua productivity growth. More than average productive workers with a high option
vaue had a significantly higher probability to be retained. The symmetric vaue modd isinferior to the
asymmetric one, which distinguishes between otherwise observably identical workers with option
vaues associated with high resdud productivity growth and low resdud productivity dedline.
Clearly, the period 1993-1996 carries most of the information over which the firm computed these
vaues. The asymmetric modd, reported in Column V|1 and includes the 1993- 1996 period aone, is
the specification that prevails over dl others reported in Table 5, including the one that ncludes
uncertainty measured asymmetricaly over the period 1991- 1996 as well. The estimation outcomes
of the remaining explanatory variables of specification V11 are presented in Table 6.

Risk adjusted discount rates

The plant-dummies in Table 6 show that working in a plant with a andler shut-down
probability reduced the risk of layoff. The coefficients are ordered accordingly to the ex post
downsizes, which can be interpreted as support for Prediction 1, Sating that plants with a higher risk
adjusted discount rate are more likdly to layoff workers.

Age and tenure

Workers between 50 and 54 years of age are the only workers that have a marginaly
sgnificant higher layoff probability than dl other workers. This is largely driven by the fact that
workers of 54 years old, dmost digible to enrall into the early retirement plan were not retained (see
Figure 3.1.C). Workers with 23 to 29 years of tenure within the firm are found to have a Sgnificantly

lower risk of being disolaced. This is in accordance with the trustees prescribed layoff policy to
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reduce the displacement risk for workers that have been with the company for dmogt dl their
working lives. The likelihood function is flat with respect to dl other variables measuring age and
tenure. Thisis due to the successful implementation of the trustees’ quota system.

Education

Workers with basic and higher general schooling were less likely to be displaced, compared
to those with a basic vocationd schooling level. But workers with a higher technicd educationd

background faced a significantly higher layoff probability.

Training courses

Workers that had more internd training courses had a significantly higher probability of being
retained, while workers with more externd training did not. This result corresponds with the notion
that firm gpecific human capitd investments remain vauable to the firm during times of sructurd
corporate demise. Externd training courses, provided by agencies not owned by the company itslf,
increased aworker’s productivity, but thisincrease i not firm specific and therefore trandferable in the
labor market. Interna training courses, on the other hand, being provided by the company itself, are
not transferable. When not retained, this idiosyncratically embodied productivity would otherwise be
logt to the firm.

Performance evaluation

Performance evauations inform the firm about a worker’'s citizenship. It is an ingrument to
learn about a worker's performance over time. It adso provides the firm with distributioral
information about al workers productivity. The results show that workers with higher evauation
scores were less likely to be displaced.

Type of job, gender, and marital status
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Other things equd, the fact that a worker performed manageria tasks in the firm
increased the likelihood of being retained sgnificantly. Gender was no issue & dl during the find
reorganization. But being married contributed significantly to the propendty of being retained. This
was partly due to the quota system obtained by the trustees, determining couples both working at
Fokker to be retained. Moreover, the fact that, generaly, married workers are considered to be less

likely to quit dso increase their present vaue to the firm.

V. The Value of Productivity Uncertainty when Firing Costs ar e Heter ogeneous

If the downsizing firm uses dl available information efficiently, one eement not yet considered
that may be rdevant is the firm's believes about each worker’s productivity. Farber and Gibbons
(1996) provided empiricd evidence that a firm revises these beieves when moare information
becomes available while working longer on the job. Employer learning implies that the uncertainty
about aworker’s productivity and future productivity growth is expected to decline with tenure.

Figure 4 shows the reation between the uncertainty about wage growth and tenure of al
Fokker's employees, retained workers, and displaced workers at the time of bankruptcy. At that
time the workers have & leadt three years of tenure. Even after three years the declineis il sharp a
the early years of tenure but there is no cut-off point. In fact, Figure 4 suggests that employer learning
is an ongoing process until a worker retires. It also shows that for &l years of tenure, the firm prefers
workers with more uncertainty rather than less.

Altonji and Ferret (2001) argue that if a firm acquires more information about a worker
indeed, pay becomes more dependent on productivity and less dependent on easly observable
characterigtics or credentias. A direct test would be to include into the empirical mode interaction

terms between §*%* and the six tenure groups | find that not one single interaction term is
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sgnificantly different from zero, and the overdl test equas ¢ ?(6) = 4.65. Thisimplies that for the
downsizing firm, employing workers with a least three years of tenure and many observable
characteridtics to rely upon including performance evauations and on the job training, the unobserved
heterogeneity with respect to productivity does not play an important role in the layoff decision.

Another economicdly relevant question yet unanswered is concerned with the margind
effects of how much these varidbles add in terms of extra vaue to the firm. The estimation results
showed that r , m, s, ad F ae crucid factors to describe a firm' layoff policy under
uncertainty, that must be included in firmlevel analyses of mass displacement. But how much is the
reorganized firm worth more when future productivity of its workers, the corresponding uncertainty,
and idiosyncratic firing cods are explicit subjects of the design of optima downsizing policy under
uncertainty?

The overdl layoff probability is equd to .512 for dl 4,683 workers included in the
econometric anaysis. From this sample 2284 workers were retained and 2399 workers were
displaced. The estimated model’ s pseudo- R? = .164 for the preferred specification. Given the results
reported in Tables 5 and 6, it is possible to assess which workers the mode correctly predicts to be
retained or displaced. Thisis done as follows. Firs, dl workers in the sample are ordered from low
to high layoff probabilities predicted by the modd. The firs M (=2284) workers are the ones that
would select to stay according to the modd’ s linearized decision rule. It is then possible to maich this
prediction with each worker’s actualy observed outcome of the firm's layoff decison. The rétio of
the number of correctly predicted and the actuad number of retained workers (M) provides a first
sense of the modd’ s performance to describe the firm'’ s layoff policy at the individua worker’slevel.

The modd correctly predicts 1522 out of 2284 workers or 66.6 percent of al retained workers.
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The edimated mean pL; for layoffs is equa to .294 with a 95% confidence interva of
[.278; .312]; the edtimated mean pL ,for retained workers is equa to - .338 with a 95%

confidence interva of [-.370 ; -.306]. The expected vaue of dl the firm's correctly predicted

retained workers can be computed as

(412) V(P b= é_ Pr(IP, =0) W, g%g/ Pr(Stay),

iy o

where Y is the set of dl correctly predicted retained workers, Pr(j is the estimated probability to
stay for each worker, Wi is the worker's annud earnings a the time of the bankruptcy, S is the
firm’s share of firm-specific human capita invested in worker i, and Pr(Stay) isthe overdl probability
to stay. Assuming S = ¥ for al workers, | find thet V(P ') = Dfl 111.6 million guilders whichis
the equivalent of 63.8 million U$ 1995 dollars for 2284 workers.

The *basdline NPV’ modd, that is encompassed by the option model of downsizing and
represented in Column | in Table 5, is a structura net present vaue modd of turnover with firing
codts being fixed and equa for dl workers and does not include uncertainty about individua
worker's future productivity growth. This modd is strongly regected againgt the modd with
heterogeneous  firing coss and idiosyncratic  uncertainty. The joint hypothesis is
Hw ({p° %% 1”2 g U{p % |e" <0} U{p™ =0}, and the test statistic is ¢ *(3) = 22.6.
The NPV modd predicts 1465 or 64.1% of the retained workers correctly. Using the NPV rule, the

expected vaue of dl the firm’s correctly predicted retained workers can be computed as

(4.13) V(P" )=& Pr(IP, =0) W, g——/ Pr(Stay),

iy
where Pr(3 is the estimated probebility to stay under H ., - | find V(P ™, ) = Dfl 106.2 million

guilders, or 60.7 million U$ dollars for 2284 workers.
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Even though the average difference in fitting the data between the two models seems modes,

on an individua worker basis the difference in predictability between the two modds is found to be
quite distinct. Per retained worker the estimated difference between v(P ') and V(P M)

amounts to 2,364 Dfl or 1,351 U$ on average. Given the average annud earnings of retained
workers of 52,078 Dfl or 29,759 U$, the per worker vaue gained from accounting for
heterogeneous firing costs and uncertainty of future productivity growth is estimated to yied 4.5
percent of every retained worker’s annua earnings. The total number of workers retained by Fokker
was 2,420 (and not 2,284 as in the econometric andys's). Consequently, the totd vaue gain for this
firm is estimated to be equd to 5.7 million Dutch guilders or 3.2 million U$ dollars, or 2 percent of
the price for which Fokker Aviation was sold to Stork. If the firm's share of the returns to firm
specific training exceeds ¥ , its monetary gains would dtill be greeter.
VI.  Generalizations and Personnd Policy Implications

The theory presented in this paper isagenerd theory for an insolvent firm with an immediate
need to layoff part of its workforce following from a surviva contingency plan. The empiricd results
are for one bankrupt arcraft building company in the smal open economy of the Netherlands.
Whether they hold true for an economy as a whole is a rlevant question, but can’t be addressed
here. The theoretical modd can be gpplied such that generalizations of the empirica findings could be
achieved in a variety of ways. Firdt, the study could be replicated using personnel data from other
firms, in other sector, and in other countries. The outcomes thereof can be compared. Second, a
worthwhile extension of the modd is to dlow for more than the two different job levels considered
here. This would provide an opportunity to investigate the existence of “ports of exit” for layoffsin
the case of downsizing. Third, the model could be extended with the outcome of a Nash bargaining

equilibrium between each worker and the employer. Empiricaly this would entail to compute for
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every worker at the time of hiring the outside reservation wage Ws based on the worker’s and the
firm's observable characterigtics and the worker specific unemployment rate. Fourth, the theoretica

modd of downsizing is easly combined with a reverse modd of firm's growth (seefootnote 3). The
econometric modd associated with such a expansonary firm mode would be a duration model

where the timing of the hiring decison is endogenous and the resulting expanson hazards are the
crucid decison parameters. That model can be enpiricaly tested using the firm specific deta of

growing firms. Such data seem to be more easly obtainable probably because managers' interests
ae more gppeded by designing better expansonary than contractionary personnd policy. A
comparable model of firm growth could, for example, shed more light on the existence of promation
“fast tracks’ (Baker et al., 1994).

From a downsizing personnd policy point of view this paper shows that the history of a
worker in the firm contains vauable information, not because the firm knows more about initidly
unobserved productivity, but because the firm is able to maximize future profits by accounting for
uncertainty about future productivity growth. This provides an explanation of the question why hiring
occurs so lttle in firms in demise even during recessions. One could argue that downsizing is only
about cutting the firm’s tota wage hill. But then it is not immediately obvious why dedining firms are
not replacing incumbent workers by new workers. The answer provided in this pgper is not so much
one that stresses the reputation or unobserved ability arguments, but extends the long used theory of
the firm's invested interest in firm specific human capitd. Although new workers tend to be less
expendgve, the vaue of incumbent workers exceeds that of new workers and that vaue is most
important for afirm that seeks an optima surviva Srategy under uncertainty.

From an overdl employment policy point of view this paper stresses once more the
importance of the role of firing costs. However, it shows a different role of firing costs than has been

debated about o far. If the leve of firing cogs is higher in generd, a firm will wait longer to reduce
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its workforce (Figure 1, Grgph C). This tendency incresses the insolvency risk, and provides a
theoreticad explanation for the observed subgtitution of individud firings by mass layoffs (Oyer and
Schaefer, 2000). The differences of firing costs among workers is another important new element
that can add to the discussio n of designing employment policies directed a the protection of the most
vulnerable workers (low firing costs, low productivity growth, low uncertainty) from being displaced.
VII.  Conclusons

In this paper optima layoff rules in closed form have been derived for dl workers of a
downsizing firm that operates under uncertainty and faced heterogeneous firing costs. The theoretica
model predicts that the firm displaces workers with the lowest firing costs, the lowest expected future
productivity growth, and the lowest layoff option vaue. A declining firm prefers workers with more
uncertainty about future productivity growth for the same reason why growing firms like these
workers: the chance of higher productivity aso increases the firm’'s share in this worker’ s expected
future returns and is therefore more likely to be retained. The theory aso predicts that when interest
rates are higher a firm downsizes fagter. This corresponds with a generd finding in the investment
literature that overd| investment decreases if the interest rate rises. But it dso explains why afirm cuts
alarger chunk of its workforce when the chance of bankruptcy is higher.

The predictions are tested and supported empiricaly using personnel data of a Dutch aircraft
manufacturer that went bankrupt in 1996. The bankruptcy trustees closed down parts of the
company that were involved in developing and building new aircrafts. From the remainders a new
firm was created and sold. The outcomes of the selection process to retain some workers and layoff
others provided the rdevant empirica material to test the modd’s predictions and provided the
opportunity to compute the additiona firm’s value when heterogeneous firing costs and idiosyncratic

uncertainty about future productivity growth are built into the firm’s layoff contingency plan.
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The andysis can be extended in avariety of ways. First, the empirical study can be replicated
using personnel data from other firms, in other sector, or in other countries. The outcomes thereof
could be compared to find confirmation or refutation of the generdity of the results presented here.
Second, the modd can be extended to alow for more than two job levels in order to investigate the
importance of “ports of exit”. Third, the model can be extended with the outcome of a Nash
bargaining equilibrium between each worker and the employer. Fourth, the theoreticd modd of
downsizing can eesly be trandformed into a theoreticd mode of heterogeneous fixed codts
expansonary modd of personnd policy under uncertainty. Rather than the structura probit modd,

this would entail aduration mode of optimd hiring decisions.
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Chart 1

The Reorganization of a Bankrupt Company

Organizational Structure of FOKKER on January 23¢, 1996
(surseance of payments)

FOKKER N.V.

Management Team
(5 employees)

FOKKER FOKKER FOKKER FOKKER
AIRCRAFT AIRCRAFT ELMO SPECIAL
SERVICES PRODUCTS
(5,200 empl.) (860 empl.) (515 empl.) (395 empl.)

Headquarters
(780 empl.)

Schiphol
(2,900 empl.)

Papendrecht
(1,100 empl.)

Y penburg
(420 empl.)

Organizational Structure of FOKKER on March 18", 1996

(after the bankruptcy)
FOKKER AIRCRAFT FOKKER AVIATION
(900 empl.)
AIRCRAFT ELMO SPECIAL PRODUCT AERO-
SERVICES PRODUCTS SUPPORT STRUCTURES
(720 empl.) (365 empl.) (395 empl.) (210 empl.) (730 empl.)
[- 140 empl ] [- 130 empl.] [no change] [ex FAC] [ex FAC]




Table 1A
Hourly Wage and Wage Changes of Retained and Displaced Workers

All Workers Retained Workers Displaced Workers

Level % Change Level % Change Level % Change
Period (in 1995 Df) (in 1995 Diff) (in 1995 Diff)

24.27 10.26 2372 10.28 2484 10.23
1991-199% (12)° (13) (.16) (19) (19) (.19)

2551 4.69 2488 4.86 26.14 451
1996-19% (13 (05) (17 (07) (19 (07)

2663 14 2605 19 212 10
1995-1996

(13) (.01) (18) (.02) (19) (.01)

! Standard errors of means are given in parentheses.
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1%
P
10%
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50%
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Skewness

Table1B

Hourly Wage Distributionsin 1995 and 1996 for All Workers

Hourly wage

June 18, 1995

152
172
184
211

235

301
391
457
617

266
94)
891

215

March 15, 1996

152
172
184
211

235

30.2
394
45.8
64.7

26.8
(10.1)

1021
261

Wage change
Levels %
srallest grellest

-120 -6.43
-.68 -3.00
-.08 -.308
.009 087
021 083

largest largest
9.39 11.2
9.50 16.6
17.2 187
189 316
.050 145
(44) (.76)
196 57
303 22



Allworkers
Layoffs (in %)

Hourly wage

Wage change (in %)
1993-%

Retained workers

Hourly wage

Wage change (in %)
1993-%

Displaced workers

Hourly wage

Wage change (in %)
1993-%

! standard deviationsin round parentheses; > 95%-confidence intervals in squared brackets.

Table2

Workers, Wage, Wage Growth and Dispersion of a Downsizing Firm and its Plants

All plants
FOKKER

5197

49.6

26.8
(101"

4.7

[4.6; 4.8)°

2619

26.4
9.9)

4.9
[4.7:5.0]
2578

27.3
(10.2)

4.5
[4.4;4.6]

Plant 1
FSP

357

038

24.9
(7.5)

41
[3.7;45]

24.9
75)

41
[3.7;45]
3

23.8
(:27)

14
[14;15]

Plant 2
ELMO

357

118

220

(77)

4.6
[4.2;5.0]

315

21
80)

4.6
[4.2;5.0]
]
a2

211
4.9

4.7
[3.6;5.7]

Plant 3
FAS

700

12.3

24.1

(7.7)

5.2
[4.9; 6.0]

614

24.4
(79)

5.2
[4.9;55]
86

22.1
(6.0)

5.1
[4.2; 6.0]

Plant 4

Ypenburg

367

.607

23.2
(5.8)

41
[3.7;4.4]

144

24.0
(5.6)

45
[3.9;5.1]

22.7
(5.9)

3.8
[34;4.2]

Plant 5
Papendrecht

957

.635

22.8
(56)

39
[37;41]

238
(64)

42
[39;44]

222
(50

38
[35;4.0]

Plant 6
Schiphol

2459
.659

306
(11.4)

5.0
[4.9;5.2]

31.2
(118)

53
[5.1:5.6]
1616

304
11.2)

4.9
[4.7:5.1]



AGE:

All workers

Layoffs (in %)

Retained workers

Hourly wage

Wage change (in %)
1993-%

Displaced workers

Hourly wage

Wage change (in %)
1993-%

Wages, Wage Growth and Disper son among Age Groups

£24

116

15.6
@1’

11.3
[10.4; 12.3]

153
20)

9.8
[85;11.1]

25-29

681

46.5

19.6
(3.1)

7.7
[7.3;80]

20.0
@7

7.3
[7.0;76]

Table3.l

235
@7

6.0
[5.7;6.3]

241
6)

6.0
[5.7;6.3]

35-39

1182

49.6

26.8
69)

4.3
[4.0; 4.6]

28.2
(8.0)

44
[4.1;4.7]

40-44

814

48.6

29.0
(105)

35

[3.2;3.7]

314
(116)

3.2

[3.0; 34]

! standard deviations of mean in round parentheses, ? 95%-confidenceintervalsin squared brackets

45-49

48.4

30.9
(11.6)

3.0

[2.8:3.3]

32.4
(12.9)

23

[2.1;25]

478

56.5

35.2
75

2.6
[2.3;29]

31.3
(133

2.1
[1.9;2.3]



Table32

Wages, Wage Growth and Dispersion among Tenure Groups

TENURE:

All workers

Layoffs (in %)

Retained workers

Hourly wage

Wage change (in %)
1993-96

Displaced workers

Hourly wage

Wage change (in %)
1993-96

* standard deviations of mean in round parentheses; ? 95% confidence intervalsin squared brackets.

£7

52.0

227
(84)*

88
[8.3;9.3])°

24.3
8.1)

78
[7.4;82]

81

50.0

24.0
81

5.6

[54;59]

256
89)

55

[5.3:5.7]

12-17

499

268
(96)

3.9
[36;4.1]

286
(11.4)

35
[3.3:3.7]

18-22

712

517

288
(10.1)

3.0
[2.7;3.3]

29.7
11.2)

2.6
[2.4;2.8]

23-29

485

45.8

33.0
(139)

2.9
[2.6;3.3]

32.0
(11.1)

2.2
[2.0; 2.4]

330

269

39.8

29.1
(75

2.7
[2.3;3.0]

28.1
67

2.0
[1.7; 2.3]



Table3.3
Wages, Wage Growth, and Dispersion between Educational Groups

Vocational General
Schooling Schooling
All workers 3821 1376
Layoffs (in %) 504 47.3
Retained workers
Hourly wage 26.2 26.7
(86) (12.9)
Wage change (in %): 1993-% 4.8 51
[46;4.9]° [4.8;54]
Displaced workers
Hourly wage 27.1 28.0
9.7) (11.6)
Wage change (in%): 1993-9% 4.6 43
[4.4:4.7] [4.0; 4.6]

! standard deviations of mean in round parentheses
? 95% confidenceintervals in squared brackets.



Table34

Wage, Wage Growth, Dispersion, and Type of Job

All workers

Layoffs (in %)

Retained workers

Hourly wage

Wage change (in%)  1993-9%

Displaced workers

Hourly wage

Wagechange (in%)  1993-9%

* standard deviations of mean in round parentheses

Production
Workers

3542

46.9

21.8
(3.1

4.2
[4.0;43F

21.8
(3.2)

37
[3.6;3.8]

29506 confidence intervalsin squared brackets.

Managers

1655

553

37.8
(12.0)

6.6
[6.3;7.0]

37.3
(11.0)

6.0
[5.7;6.2]



Table3.5
Wages, Wage Growth, Dispersion, and On-the-Job-Training

Internal Courses External Courses
Below median  Above median Below median  Above median
(£ 9) >5 (£1) >1
All workers 2853 2344 3011 1286
Layoffs (in %) 539 443 495 49.8
Retained workers
Hourly wage 27.9 24.8 258 28.0
27 (5.7) (104) 84)
Wage change (in %) 1993-9% 51 4.6 4.6 5.6
[4.9;53]2 [4.4 ;48] [45;4.8] [5.3;5.8]
Displaced workers
Hourly wage 28.6 255 26.6 29.7
(11.9) 6.7 (10.6) (84)
Wage change (in %) 1993-% 46 4.4 4.2 55
[44; 48] [4.2;4.6] [4.0;4.3] [5.2;5.8]

! standard deviations of mean in round parentheses; ? 95% confidence intervalsin sguared brackets.



Table 3.6
Wages, Wage Growth, Dispersion, and Job Performance Evaluation

L ow Scores High Scores
(1,2,3) (4,5,6)
All workers 2789 2407
Layoffs (in %) 541 A44
Retained workers
Hourly wage 28.3 245
@ (7.4)
Wage change (in %) 1993-9% 5.8 40
[5.5; 6.0 [38;4.2]
Displaced workers
Hourly wage 29.3 24.6
(113 (7.6)
Wage change (in %) 1993-% 5.1 37
[4.9; 53] [35;39]

! standard deviations of mean in round parentheses
? 95% confidence intervals in squared brackets.



Table 3.7

Wages, Wage Growth, and Dispersion for Women and Men

Females
All workers 568
Layoffs (in %) 40.7
Retained workers
Hourly wage 20.5
(53
Wage change (in %) 1993-96 5.0
[45;5.6]°
Displaced workers
Hourly wage 234
(6.7)
Wagechange (in%) 1993-96 4.6
[4.0;5.3]

! standard deviations of mean in round parentheses
? 95% confidence intervalsin squared brackets.

Males

4629

50.7

27.2
(10.2)

48
[47:50]

27.7
(10.4)
45
[4.4; 4.6]



Table 3.8
Wage, Wage Growth, Uncertainty, and Marital Status

Unmarried .
) ) Married
(incl. Divor ced)
All workers 1906 3287
Layoffs (in %) 55.1 464
Retained workers
Hourly wage 23.8 27.6
(8.) (105)
Wage change (in %) 1993-96 59 43
[57;6.2] [4.2; 45
Displaced workers
Hourly wage 25.2 28.8
(8.3 1Ly
Wagechange (in%) 1993-96 5.6 38
[54;59] [36;39

! standard deviations of mean in round parentheses
? 95% confidence intervalsin squared brackets.



Table4
Residual Wage Growth Variances Through Time

Residual Wage Growth Variance

1991-1996 1993-1996 1995-1996
Retained workers
Mean 25.9 7.66 .98
Std.Err. 1.09 .98 42
[95% Conf. Interval] [23.8; 28.0] [5.7; 9.6] [15;1.8]
Displaced workers
Mean 24.2 5.45 21
Std.Err. 91 .64 J14
[95% Conf. Interval] [22.5; 26.0] [4.2;6.7] [.00; .48]

Option Value Ratio 1.07 1.41 4.67




Table5b

Heter ogeneous Firing Costs, Productivity Growth Uncertainty, and Layoff Probabilities

I I " v \Y \ VI VIII
Baseline Symmetric Value M odels Asymmetric Value Models
Mode
Firing Costs:
W, -.076 -071 -074 -074 -071 -.070 -073
(.021) (.021) (.021) (.022) (.022) (.022) (022
Uncertainty:
1991-1996
§" -001 076
(044 (.053) .
an | 150 .040
€"<0
§l8 (.074) (.089)
§'1g"= 0 -.055 080
(.049) (.063)
Uncertainty:
1993-1996
8" -377 - 475
(:158) (.204) . )
4 1135 1075
€"<0
§l8 (.399) (.461)
§'ler= o -549" -691°
(171 (228)
Uncertainty:®
1995-1996
§m -472" -158 015
(.270) (.307) (-316)
Pseudo-R? 158 160 161 161 162 161 164 164
LogL -27305 -2724.1 -2721.1 -27226 2719.8 27211 -27129 -27120
# Observations 4683 4683 2633 4683 4683 4683 4683 4683

" Coefficients (std.err.) reported; p-value of z-score < .05
" p-value of z-score < .10

@ variation of §% % insufficiently large to warrant asymmetric effects.



Table 6
Workers Characteristicsand Layoff Probabilities

Mean Coefficient Mcira?;gj z-score
(Std.Dev.) (Std.Err.) (SErr) [p-value]
Plants
ELMO: Plant 2 071 -159 -472 -155
(.26) (.103) (.016) [.000]
FAS: Plant 3 138 -158 -.498 -20.9
(.34 (.076) (.014) [.000]
FAC Y penburg: Plant 4 070 009 004 116
(.25) (.079) (.032) [.908]
FAC Papendrecht: Plant 5 201 -.044 -.018 -731
(.40) (.060) (.024) [.465]
Age(in years)
£24 227 29 119 127
(1.41) (.236) (.094) [.204]
529 274 211 084 110
(1.39) (.1912) (.077) [.270]
D-HA 320 184 074 114
(1.40) (.166) (.066) [.265]
B 36.9 186 074 127
(1.39) (.146) (.058) [.203]
40-44 420 164 .066 128
(1.40) (.129) (.051) [.202]
45-49 470 153 061 132
(1.42) (.116) (.046) [.186]
50-%4 52.0 191 076 182
(1.39) (.106) (.042) [.069]
Tenure (in years)
£7 490 -.383 -.153 -1.08
(1.19) (.356) (.142) [.281]
811 912 -.308 -122 -145
(1.33) (.213) (.085) [.248]
12-17 150 -225 -.090 -1.67
(1.36) (.135) (.0x4) [.096]
18-2 2.1 -.155 -.062 -1.47
(1.19) (.106) (.042) [.243]
23-29 26.1 -.170 -.068 -2.03
(1.82) (.084) (.033) [.042]
330 329 -.110 044 -155

(2.48) (071) (028) [.121]



Table 6 (continued)

Mean Coefficient l\él;f]ra?:;:l] z-score
.Dev. Err. -
(Std.Dev.) (Std.Err.) (SdE) [p-value]
Educatior?
Reference group: vocational schooling basic level
General schoaling:
Basic Level 144 -173 -.069 -241
(.35) (.072) (.028) [.016]
Lower Level 081 -.083 -.033 -95
(.27) (.088) (.035) [.343]
Medium Level 024 -.020 -.008 -.140
(.15) (.144) (.058) [.888]
Higher Level 016 -.339 -.133 -1.98
(.13) (.172) (.064) [.047]
Lower Level 196 -024 -010 -AL
(.40) (.059) (.024) [.683]
Medium Level 105 065 026 72
(.31 (.090) (.036) [.471]
Higher Level 036 436 170 331
(.46) (.132) (.048) [.001]
Performance evaluation 357 -236 -0% -7.48
(.72 (.032) (.012) [.000]
Training Cour ses
Internal courses 705 -.017 -.007 -5.23
(6.82) (.003) (.001) [.000]
External courses 104 010 007) 72
(1.48) (.014) (.005) [471]
Manager 306 -.330 -131 -4.78
(.46) (.069) (.027) [.000]
Male .888 004 001 05
(:31) (.082) (.033) [.961]
Married 641 -115 -.046 -2.83
(.48) (.044) (.018) [.010]
Regression statistics # Obs. 4683 LoglL: -2713 Pseudo-R*: 164

1 Unit change for dummy variables.

2 The basic level of vocational schooling (the reference group) refers to secundary schooling only extended with an apprenticeship
program (eerlingnezen) enforced by Dutch law for people of ages 16 or below. Lower level vocational schooling refers is lager
beroepsonderwijs. Medium level vocational schooling refers to middebaar beroegpsonderwijs. Higher level vocational schooling level 4 refers
to hoger beroepsonderwijs of technische universiteit. The basic level of general schooling refers to secundary schooling only extended with a
general learning program enforced by Dutch law for people of ages 16 or below. Lower level general schooling refers to mavo. Medium
level general schooling level 3 refersto havolwo. Higher level general schooling refers to non-technical university.
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