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A Time Series Analysis of
Labor Turnover

Frank Brechling*

1. Introduction

Import penetrations of markets typically necessitate
reductions in the employment levels of the affected
domestic suppliers. These net reductions in employ-
ment can be subdivided conveniently into displace-
ments and unreplaced attritions. Displacements are
permanent separations initiated by employers and at-
tributable to the import penetration. Attritions are all
other permanent separations that may be due to volun-
tary quitting, retirement, death, disability, incompe-
tence, or dishonesty. When employers refrain from
replacing attritions they are termed unreplaced attri-
tions. The essential difference between displacements
and attritions arises from the nature of their costs. Dis-
placements involve unexpected costs that, in the ab-
sence of compensation for them, must be borne in-
voluntarily by the displaced workers. The costs of attri-
tions, on the other hand, are anticipated and borne
voluntarily by workers as part of the normal costs of
obtaining and leaving jobs.! For this reason it is often
suggested that displaced workers be compensated for
their displacement costs, especially if the import pene-
tration is attributable to a change in governmental pol-
icy. In the United States some compensation for dis-
placement costs is provided for under the trade adjust-
ment assistance program of the 1974 Trade Act.

The aim of the research underlying this paper has
been to obtain estimates of displacements and unre-
placed attritions in industries that experience perma-
nent net reductions in employment. Such information
may be helpful in the formulation of trade policies as

*] am deeply indebted to my colleagues at the Public Research
Institute for many helpful discussions of the seemingly insuperable
problems encountered in the research underlying this paper. Kathy
Classen, William Dewald, Paul Feldman, Harry Gilman, and Bruce
Vavrichek read a previous draft of this paper and made many valuable
comments. Their help is acknowledged gratefuily. This paper is based
on Frank P. Brechling ** A Time Scries Analysis of Labor Tumover,"”
ILAB 75-19 which was completed in 1976.

'Costs of displacements and attritions have been estimated by Bale
{1] and Jacobson [10).

well as for the evaluation of the trade adjustment assis-
tance program.?

Several data bases have been used for the computa-
tion of displacements and unreplaced attritions.? In the
research underlying the present paper. the time series
data on labor turnover by industry published by the
Bureau of Labor Statistics have been used. In part 2 of
this paper a conceptual framework for and a description
of these statistics are presented. The conceptualization of
the labor turnover relationships also yields formal, op-
erationally meaningful expressions for displacements
and unreplaced attritions.

For the estimation of displacements and unreplaced
attritions a mode! is required within which these labor
flows or their components are linked to their determi-
nants. in particular, to net changes in employment. Part
3 of this paper is devoted to the description, derivation,
estimation and simulation of labor turnover models.
This part is subdivided into four sections. In section 3A
a turnover model with exogenous quits, which was
developed and fitted by a previous investigator, is pre-
sented and its implications for displacements and unre-
placed attritions are described. This model and the ap-
propriate parameter estimates suggest that 79 percent
of any net reduction in employment is accomplished by
unreplaced attritions and only 21 percent by displace-
ments.

These estimates of unreplaced attritions and dis-
placements. however, depend crucially on the assump-
tion of exogenous quits. By contrast. the model, which
has been used in the major part of the research underly-
ing this paper. incorporates quits as an endogenous

tAlthough the research has here been motivated in terms of the
consequences of trade liberalization measures. estimates of dis-
placements and unreplaced attritions may be usefui for many other
purposes. Suppose, for instance. that a net reduction in employment
is brought about by a reguiation designed to protect the environment.
The costs incurred by displaced workers would be a legitimate cost of
the implementation of the regulation and. hence, 1t would be impor-
tant to know the level of displacements and unreplaced attnuons.

?See, for instance, Jacobson {9] who used Social Security data to
estimate displacements and attritions in the steel industry.
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variable. This model. which is described in section 3B,
consists of several dynamically interdependent equa-
tions, designed to describe the behavior over time of all
the relevant labor turnover categorics.

The labor tumover model with endogenous quits has
been fitted to the data for twenty-four manufacturing
industries, but section 3C contains the empirical results
for only two groups, namely total durabie and total
nondurable goods industries. The results lend consid-
erable empirical support to the model with endogenous
quits. The equations explaining new hires and layoffs
by firms conform to the data especially well.

Since it is difficult to ascertain the full implications of
a model that consists of several dynamically interde-
pendent equations by analytical methods, its main im-
plications for displacement and unreplaced attritions
have been obtained by a simulation exercise. The indus-
try in question is assumed to be initially in equilibrium
and then it is disturbed by a permanent 10 percent
reduction in output. The ensuing paths of employment
and the labor turnover categories are then traced and
estimates of displacements and unreplaced attritions
are made. The results for total durable and total non-
durable goods industries are reported in section 3D.
They suggest that unreplaced attritions play only a sec-
ondary role in effecting net reductions in employment.
Of four different estimates of unreplaced attritions, the
highest one is 43 percent of the net reduction in
employment, which is substantially below the 79 per-
cent implied by the model with exogenous quits. The
failure of unreplaced attritions to bring about much of
the net reduction in employment occurs in spite of large
reductions in new hires and is due to the sharp decline in
voluntary quits. In other words, a decline in the demand
for an industry’s output and, hence, for labor discour-
ages attritions so strongly that, despite large reductions
in replacements, the level of unreplaced attritions can-
not nse much.

In part 4 of this paper the main conclusions and major
desirable extensions of the research are highlighted.
The empirical results suggest that the extent to which
costless unreplaced attritions can bring about net re-
ductions in employment may be quite limited and this
conclusion may well be at variance with the views held
commonly by labor economists. To be sure, many prob-
lems of conceptualization, estimation, and interpreta-
tion remain to be solved. In particular, it seems desir-
able to disaggregate the data and to estimate and simu-
late models for many industries.

2. Concepts and Definitions

In part 2 the basic concepts and definitions of labor

turnover as well as the main characteristics of the data
used in the analysis are described. Such a description is
a suitable introduction to the discussion of labor turn-
over models in part 3. The main labor turnover rela-
tionships are discussed in section A, and section B
contains a description of the time series data.

A. The Basic Labor Turnover Relationships
Figure 1 illustrates the relationships among an indus-
try’s various gross and net flows of labor. Accessions
A are all permanent and temporary additions to the
payrolls of establishments in a specified time period.
Separations S are all terminations of employment at
establishments during the period. Thus accessions and
separations measure the gross inflows and outflows of
labor. Consequentiy the net change in employment
equals the difference between accessions and separa-
tions

AN = A' - s[' (l)

where AN measures the net change in employment in
period «.

It is helpful to distinguish between two main flows of
labor in Figure 1. First. there is the upper counter-
clockwise flow, which contains workers who have been
laid off. Layoffs L are terminations of employment,
initiated by the employer because of economic condi-
tions, such as lack of orders, and without prejudice to
the employees. Laid-off workers initially join and.
hence, raise the stock of laid-off employees SL who
qualify for and are awaiting recall by their previous
employers. Workers who leave the stock of laid-off
employees may (1) be rehired by their previous em-
ployers and inciluded in RH. a component of A, (2) be
newly hired by other employers in the same industry
and included in NH,, a component of A. or (3) leave
the industry altogether and be included in DIS . This
basic identity among the variables can be stated formal-
ly:

Ly = ASL + RH, + NH, + DIS . %))

where ASL stands for the net increase in the stock of
laid-off workers in period 1.

Two concepts of displacements can be derived from
equation (2). First. displacements can be measured by
DIS,, the number of laid-off workers who leave the
industry:

DIS, = L, - ASL - RH, - NI, 3)
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Second, displacements can be measured by DIS. the
number of workers who leave the industry plus the
increase in the stock of laid-off workers:

DIS, = DIS,, + ASL = L, - RH, - NH,,.  (4)

The second basic flow of labor in Figure | is the
lower clockwise one which contains quits Q and other
separations D. Quits are terminations of employment
initiated by employees for the purpose of changing to
another job, searching for another job, or leaving the
labor force. Other separations include discharges for
reasons such as incompetence or disho.esty, as well
as terminations due to retirement, death, and physical
disability. Workers who are classified as quits or other
separations may (1) find jobs in the same industry and
appear in NH,, a component of A. or (2) leave the
industry and appear in ATT,. This identity can be
written as:

Q: + Dy = NHy + ATT ;. 5)

As shown in Figure 1, total new hires consist of
three components: laid-off workers who are hired by
new employers in the same industry NH,. workers
in quits and other separations who find a job in the

same industry NH,, and workers who are hired from
outside the industry NH,:

NH, = NH,, + NHy + NH,,. ®)

The concept of unreplaced attritions can now be de-
fined in terms of the labor turnover categories. For
an industry. unreplaced attritions ATT measure the
number of workers, classified as quits and other separa-

tions who leave the industry and are not replaced by
new hires from outside the industry:

ATT = ATT,, — NH, )

or. because of equations (5) and (6)
ATT, = Q, + D, - NH, + NH,,. @®)
By adding equations (4) and (8) it can easily be

established that the sum of DIS and ATT must equal
the net reduction in employment.

DIS,+ ATT, = (I, +Q,*D,) - (NH *RH,)

=S;- A=AV ©)
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Similarly, by adding equations (3) and (8) it can be
shown easily that the sum of DIS, and ATT must be
equal to —A (N+SL).

B. The Time Series Data

The Bureau of Labor Statistics. in collaboration with
the state employment security agencies. collects and
publishes five monthly labor turnover series for 191
manufacturing industries. These five series are acces-
sions, new hires. separations, quits, and layotY¥s.* The
definitions used for these concepts by the BLS are
virtually identical to those presented in the previous
section.

Absolute numbers for the five turnover categories
are obtained by the BLS each month for a sample of
establishments in each industry. These figures are then
converted into percentages by dividing them ": the
total number of employees who are on the sampled
establishments’ payrolls during the week containing the
twelfth day of the month. The monthly percentage
turnover series are published in Employment and Earn-
ings.

For the purpose of the empirical research under-

'lying the present paper, the published BLS turnover

rates were converted into absolute numbers and then
cumulated over three months, so that the basic data
set consists of quarterly absolute turnover levels. Three
other turnover series were constructed from the basic
data set: rehires, other separations, and the stock of
laid-off workers. Let us discuss these series in turn.

(1) Rehires were compuied as the difference between
accessions and new hires, or RH = A—NH. Because
of the BLS definitions, this concept of rehires includes
not only recalls of laid-off workers but also transfers
from other establishments of the same company and
employees returning from military service or unpaid
leaves of absence.

(2) Other separations were computed as the differ-
ence between total separations and the sum of layoffs
and quits, D = §~Q—-L. Thus, other separations in-
clude dismissals initiated by the employer for reasons
such as incompetence or dishonesty, as weil as termi-
nations due to military service, retirement, death,
physical disability, and transfers to other establish-
ments of the same company.

(3) The stock of laid-off employees SL is somewhat
more complicated to compute than that of rehires and
other separations. The gross inflow into SL consists of
layoffs and part of the gross outflow consists of re-

*According to the questionnaire, which is sent to the sample of
firms. form DL1219. the BL.S rcquests and receives information also
on a sixth turmover category. namely, discharges. This series, how-
ever, is not published separately.

hires. But unfortunately there is no published informa-
tion on the other part of the gross outflow which in
Figure | is measured by NH, + DIS,. Hence, the
other part of the gross outflow was assumed to be a
constant proportion 8 of the stock of laid-off workers.
Let SL, stand for the stock of laid-off employees at the
end of period r. The following equation then describes
how SL, is determined by SL,.,, 8, L,. and RH:

SL; = (1-8)SL,., + (L,~RH,). (10)

where L,—RH, measures the net layoffs in period 7 and
and (1-8)SL,., the number of employees in the stock
both at the beginning and at the end of period r. Equa-
tion (10) implies that NH ,+DIS, = 85L,.,. In order to
compute SL, assumptions have been made about the
size of the initial stock SL, and the proportion 8. The
initial stock was assumed to be approximately equal to
the r.:.2an layoffs for a period of one to three months
and the proportion 8 was chosen between 0 and 0.3.
These two assumptions permit the computation of a
time series for SL,. In the actual calculations SL, was
expressed as a proportion of the labor force. SL,/(SL, +
N,). The assumptions about SL, and § were changed
until plausible time series for this proportion were gen-
erated. The occurrence of negative SL,’s proved to be
a particular problem. In some industries rehires are so
large in relation to layol¥s that negative SL,’s could be
avoided only by very large SL,'s and small 8's.?

No data are available or could be generated for some
of the labor turnover categories mentioned in the de-
scription of Figure 1. In particular, no information exists
on NH,,NH, NH,. DIS . and ATT,. The lack of data
on NH, is especially unfortunate because it plays a
potentially important role in the definition of displace-
ments and unreplaced attritions in equations (3), (4)
and (8). In the actual computations of DIS,. DIS . and
ATT, it was necessary. therefore. to assume that N/ | =
0. Moreover, since it is often appropriate to meusure
the labor turnover flows as deviations from some equi-
librium or steady-state level, NH, need not necessarily
be positive and. hence, nothing can be said about the
direction of the bias in DIS,. DIS. and ATT. which is
caused by the omission of NH ,.

In order to give the reader an impression of the rough
order of magnitude of the time series data on labor
turnover, Table 1 has been prepared. It shows the sam-
ple means of the net change in employment and all the

3In a recent paper, Parsons and Fleisher [ 16} have argued that §
should be allowed to fluctuate over the business cycle. Moreover,
their preliminary calculations seem to suggest that 8 is signiticantly
higher in prosperous than in depressed umes. The above assumpuion
of a constant § is thus undesirable but untonunately apparently un-
avoidable untl hetter data become available.
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Table 1

Mean Quarterly Turnover and Employment
Variables for Total Durable and
Nondurable Goods Industries

Durables Nondurables

Net change in employ-

ment, AN/N in

percent 0.16 0.15
Accessions, A/N in .

percent 11.85 13.92
New hires, NH/N in

percent 8.11 9.83
Rehires. RH/N in

percent 3.74 4.09
Separations, S/N in

percent 12.35 14.15
Quits, Q/N in percent 5.25 6.88
Layoffs, L/N in

percent 4.47 5.11
Other separations, D/IN

in percent 2.62 2.16
Accessions-separations,

(A-S)N in percent -0.50 -0.23

Error in data, Z/N =
(AN-A+S)/N in

percent 0.66 0.38
Mean employment stock.
N in thousands 10,705 7,750

Mean stock of laid-off
employees, SL in
thousands 518 258

Sample Periods: 1960.11 1o 1975.1V for durable goods in-
dustries; 1958.11 to 1974.1V for nondurable goods industries.

labor turnover flows as percentages of the sample mean
of the employment stock.® The latter and the mean stock
of laid-off employees are also presented. The following
characteristics of the data are worth noting.

First, the turnover flows are all quite large in rela-
tion to the net changes in employment. In particular,
the sums of quits and other separations, which amount
to 7.9 and 9.0 percent for the two industry groups,
seem sufficiently large to suggest that unreplaced attri-
tions are capable of playing an important role in effecting
net reductions in employment levels.

Second. there seems to be an internal inconsistency
in the data, which may cause problems in both the
empirical estimation and the interpretation of the em-

*¥or the computation of the net change in employment, it is neces-
sary to obtain an estimate of the level of employment at the end of the
quarter. These estimates were obtained by computing the means of
the employment levels in the tast month of the quarter in question and
the first month of the follow ing quarter. Thus employment at the end
of, for instance. the first quarter was set equid to the mean of the
March and Apnl employment levels.

pirical results. According to equation (1), the net change
in employment is equal to the difference between acces-
sions and separations. However, the figures in Table 1
show that on average A-S is negative and AN is posi-
tive. The percentage errors Z/N in the data amount to
0.66 and 0.38 for the durable and nondurable goods
industries respectively. In absolute numbers these dif-
ferences amount to just under 70,000 and 30.000 work-
ers for the two industry groups. Although this incon-
sistency between the labor turnover and employment
stock data has been recognized before, relatively little
is known about its causes and sources.” In the empiri-
cal analysis underlying the present paper, the incon-
sistency in the data has been treated in two ways. In
one it has been allowed to exist, so that the identity
AN = A-S is not imposed in the empirical estimation.
In the other the difference between AN and A-S has
been attributed alternatively to displacements or to un-
replaced attritions so that the identity has been made
to hold in the empirical estimation.

Third, rehires tend to be quite large in relation to
layoffs. Thus, for both industry groups rehires average
more than 80 percent of layoffs. This evidence suggests
that, at least for the sample period under consideration.
a large proportion of layoffs are temporary in the sense
that they do not involve the severance of long-run em-
ployer-employee relationships.

3. Models of Labor Turnover

Relatively little research has been undertaken on the
time series behavior of labor turnover in U.S. manu-
facturing industries.® Further, three previous investiga-
tors confined their analyses to only one labor turnover
category: Barth [2] studied only layoffs: Mattila [11]
and Parsons [15] only quits. For present purposes the
previous work by Hamermesh [8] is the most relevant.
For this reason his approach has been studied in detail
as part of the research underlying the paper and the

"The difference between AN and (A —$) is frequently attributed to
the under-reporting of rehires, but this explanation docs not secem to
be wholly satisfactory because in many industries rehires are already
very large in relation to layoffs.

"There are. however, quite a number of excellent cross-section
analyses of labor turnover, of which the ones by Burton and Parker
(61, Hall (7], Parsons [14], Pencavel [17, I8]. and Stoikov and Raimon
{19} seem to be the most noteworthy. One other interesting recent
contribution is that by Toikka (20]. He uses time senes data to study
the probabilities of movements between employment. unemployment
and nonparticipation. Toikka's main focusis his fabor force participa-
tion. which is different from. but retated to. the focus of the present
study, namely the determinants of dJisplacements and unreplaced
attritions.

-5-




findings are summarized in section A.® In section B an
altenative model is presented, which is similar in spirit
to Hamermesh's but differs from it in crucial respects.
It is estimated in section C and simulated in section
D.

A. A Labor Turnover Model with Exogenous Quits
This section contains a condensed version of a work-
ing paper (4] in which Hamermesh's approach is
analyzed and its implications for unreplaced attritions
and displacements ascertained by means of simulation
experiments, !°

Hamermesh's model consists of the following five
equations:

logn=aq +a, logn_, +a, X +asy, an
logl =8 + By log iy +8,X + 835, (12)
oa =Yg+t vy0a_, t7,l_1, (13)
0s =mg+n;n_,, (14)
qa  =uotm () +ma, s

where n, [, oa, os, and q stand for new hires, layoffs,
other accessions, other separations. and quits, all mea-
sured as percentages of the employment stock. Further,
3 is the percentage change in output, u is the national
unemployment rate, and X = g — oa + os. The time
period to which the subscripts refer is one month.

For present purposes. two aspects of Hamermesh's
model should be emphasized. First, crucial relation-
ships have been specified entirely in terms of the pro-
portionate growth rates of employment and output.
Hence, the model does not yield any nontrivial com-
parative static predictions about the level of employ-
ment. Moreover, the actual level of current employment
is not allowed to have an influence on labor turnover,
so that, for example, new hires must rise with output
growth, no matter whether the firm's current level of
employment is excessive or deficient.

Second, quits are postulated to depend only on the
national unemployment rate and its change, which are
independent of the activities of the small industry the
model describes. Thus quits are really assumed to be
exogenous. This assumption is important for the com-
putation of unreplaced attritions for the following rea-

*The detailed results of this study of Hamermesh's model are
contained in a working paper (4], which is available on request.

1*Hamermesh did not construct his model with the aim of simulat-
ing it or of obtaining its implications for displacements and unreplaced
attritions. Hence, he should not be held responsible for the methods
or results of this part of the analysis.

son: If quits are independent of the industry s activities,
then a reduction in employment can be brought about
relatively easily by reductions in new hires. If, by
contrast, quits should decline in response to reductions
in demand, then firms would have to offset these de-
clines by further reductions in new hires in order to
bring about a given cut in employment through unre-
placed attritions, and firms may find it difficult to ac-
complish this.

Hamermesh's model, with his own parameter esti-
mates, was simulated for several industries. For brevity,
the results for only one industry. iron and steel found-
ries (SIC 332), are sketched here. Initially the indus-
try is assumed to be in the steady state, which is gen-
erated by an output growth of 0.6 percent and a quit
rate of 1.27 percent per month. These numbers are ap-
proximately equal to the average output growth and
quit rate for Hamermesh's sample period. In the simu-
lation the output growth then declines to —1.0 percent
for a period of twelve months, after which it returns to
its former level. The cumulative permanent reduction
in output below its initial growth path is thus about
20 percent. The simulation has shown that, as a con-
sequence of this assumed disturbance. employment
must also fall below its initial growth path until the
total reduction is about 8 percent. How is this reduc-
tion in employment brought about? The simulation pro-
vides the following answers: For every | percent reduc-
tion in employment (1) new hires fall by 0.93 points,
(2) layoffs rise by 0.51 points, (3) rehires rise by 0.30
points and (4) other separations fall by 0.14 points.!!
Since quits are not allowed to vary, these numbers im-
ply that displacements account for 21 percent and un-
replaced attritions for 79 percent of the net reduction
in employment.t?

Thus the present analysis of the implications of
Hamermesh’s model for unreplaced attritions and dis-
placements has led to the conclusion that unreplaced
attritions may play a major role in bringing about re-
ductions in employment. But this result depends cru-
cially on the invariance of quits. What would happen
if quits should fall with reductions in the demand for
labor? In the next three sections an attempt is made to
answer this question.

B. A Model with Endogenous Quits
In this section a labor turnover model is presented,
which is similar in spirit to Hamermesh’s but differs

1'These figures are cumulated percentage deviations of the labor
turnover flows from their initial steady-state levels.

"!Displacements and unreplaced attritions are defined as DIS =
L-RH and ATT = Q+D~-NH, where all vanables are measured
appropnately as cumulated deviations from their imtial steady-state
levels. But the estimates of DIS and ATT may contain biases because
NH | has been omitted from both.




from it in crucial respects. In particular, the level of
employment is now allowed to influence labor turnover
and quits are no longer independent of conditions with-
in the industry.

In the present framework. labor turnover actions are
initiated by either employers or employees or caused by
entirely autonomous factors such as military conscrip-
tion, the compulsory retirement age. or ill health. Let
us examine in turn the decision problems faced by em-
ployers and by employees.

(1) Employers are assumed to treat their voluntary
quits and other separations as exogenous and to con-
trol their accessions (new hires pius rehires) and lay-
offs so as to bring about a net change in employment
that is also endogenous and determined by the demand
for the firm's output and similar conditions. Let us
assume, for the present argument, that the employing
unit is so small that all its employees are homogenous.
The quantity x; = AN; +Q, +D; then measures the ith
employer’s deficiency of employees if x, > 0 or surplus
if x; < 0. For such small employers it would not be
optimal to both hire and lay off employees. Conse-
quently when x; = 0, then A; = x; and L; = 0: and
when x; < 0, then L; = —x; and A, = 0. The defini-
tion of x; also implies that both A; and L; are related
linearly to AN, Q; and D;, the former positively and
the latter negatively. In contrast to this microtheoretic
prediction that there should be either accessions or
layoffs but not both, virtually all the available data
on labor turnover show that both accessions and lay-
offs are quite large in all phases of the business cycle.
This phenomenon is likely to be due to the fact that the
data refer to more than one employing unit as defined
above, so that employing units with both positive and
negative x, are aggregated. Let us, therefore. consider
briefly how aggregation might affect the relationships
among A, L, AN, Q, and D.

Let the x; be distributed according to the discrete fre-
quency function f(x). Total industry layoffs, defined as
a positive number, are then simply the sum of all nega-
tive x's, and similarly accessions are the sum of all
positive x’s:

L=§ x f(x).

x=x9

(16)

X=X
)

x=0

x f(x) an

where x, and x, are the lower and upper limits of the
observed t's. The sum of all x's in the industry is de-
noted by X and can be expressed as

X=X,
)

X=Xgo

x f(x) (18)

It follows that X = A —L. Moreover, sincex; = AN, +
Q, +D,; is a linear relationship, it can be aggregated so
that X = AN+Q+D and, hence, AN = A-L-Q-D,
which is the basic identity expressed in equation (1).

Let us now consider the relationships between the
aggregate variables X, A, and L. Suppose. for instance.
that the x's for all micro units rise by an identical
amount. so that the entire f(x) distribution shitts to the
right. Two effects of this shift can be distinguished:
First, there are now fewer negative and more positive
x's and, second, all the remaining negative and posi-
tive x's are higher than before. Both effects operate in
the same direction. In aggregate. L must fall and both
A and X must rise. Although the identity AN = A~L -
Q—-D must hold both before and after the rise in the
x's, there is no reason to believe that the relationships
between X and A or X and L are simple linear ones.
Experimentation with even simple f(x) functions tends
to result in complex nonlinear aggregative relation-
ships.

According to the above analysis, aggregate acces-
sions and layoffs should both depend on aggregate AN,
@, and D, the former postitively and the latter nega-
tively. These predictions have been derived from the
basic identity x; = AN;+Q;+D; and, as long as this
identity holds exactly, all determinants of A and L
must be reflected by AN, Q. and D, so that no addi-
tional factors can exert an influence on A and L. As
has been mentioned in part 2. the time series data, which
have been used in the empirical analysis, do not satisfy
the identity exactly. In order to formalize this peculi-
arity of the data, let us introduce an error term Z ., which
brings about the identity in the data. In other words.
Z is defined by AN = A-L-Q-D+Z. The evidence
of Table 1 suggests that Z is, on average. positive. With
given AN, Q, and D itis now possible that A and L be in-
fluenced by additional factors that operate through Z.
For instance, some determinant may raise both Z and
L and leave AN, @, and D unaffected. Since not much
is known about the nature of Z, it is not easy to theorize
about its determinants. At this stage it is only recog-
nized that there may be determinants of A and L that
are not reflected by AN, Q, and D but operate through
Z.

So far, only totz! accessions and layoffs have been
examined and nothing has been said about the determi-
nation of the components of accessions. namely new
hires and rehires. Let us turn to this problem. Given
that accessions A; at the microeconomic lcvel are
positive, it seems plausible that employers first of all
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rehire their previously laid-off but still available em-
ployees until their own stocks of laid-off employees
SL; are exhausted and only then, if indeed A; > SL,;,
do they hire new employees. The reason for this be-
havior is quite simple: SL may be viewed as a sec-
ondary work force from which employers can add to
their employment stocks rapidly and at a relatively
low cost of hiring, training, and phasing in. If, at the
microeconomic level, employers are distributed over
various SL; (for SL; > 0), then an aggregation argu-
ment similar to that used in the previous two para-
graphs can be used to obtain the following aggregate
prediction: At a given level of aggregate accessions
A, a rise in aggregate SL should lead to a rise in
aggregate rehires RH and a fall in aggregate new hires
NH. Moreover, in aggregate, at a given level of SL, a
rise in A should increase both NH and RH. The effect
on RH should become weaker as A rises and more and
more employers exhaust their own stocks of laid-off
workers SL;.

By way of summary, let us express the determina-
tion of aggregate new hires, rehires, and layoffs in
formal terms:

+ 4+ 4+ -
NH =f, (AN, Q, D, SL), (19)
+ 4+ + +
RH =f, (N, Q, D, SL), (20)
L =f,(AN, Q. D, SL), @1

where the signs above the variables indicate the direc-
tion of their theoretically expected influence upon NH,
RH, and L. For the sake of generality, SL has been
included also in the layoff equation. This can be justi-
fied only on the grounds that SL is a determinant of
the error term Z, but no sign prediction can be made.
Equations (19) to (21) can also be rearranged to yield
expressions for the two variables that are of primary
interest, displacements and unreplaced attritions:!?

DIS = L-RH = f, (AN. Q, D, SL), (22)

ATT = Q+D—NH =f, (AN, 0, D, SL).  (23)

As mentioned, employers are envisaged, within the
present framework, to regard their quits and other
separations as exogenous and to take a jointdecisionon

19As has been pointed out in part 2 of this paper, these expressions
for DIS and ATT are only approximately correct: DIS includes but
should exclude NH |, and ATT excludes but should include it. Typi-
cally DIS must be expected to be too high and ATT too low. No
attempt has been made to estimate empirically the other displacement
concept, namely DIS, = L -ASL ~RH and, hence, it is not dealt with
explicitly in this part of the paper.
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new hires. rehires, layoffs, and the net change in em-
ployment. Having discussed the determination of new
hires, rehires, and layoffs, let us now turn to a descrip-

“tion of the net demand for labor. There exists an ex-

tensive literature on net employment functions. The
particular version of employment function proposed
here is similar to the one derived by Brechling and
Mortensen [5], Brechling [3], and Nadiri and Rosen
[13]. It is part of a multivariate stock adjustment model
in which employment N, real inventories /. and unfilled
orders U are determined. The comparative static levels
N*, I* and U* are determined, through a cost
minimization procedure. by real orders OR, the real
wage rate w, technological change represented by a
time trend ¢, quits Q, other separations D, and the
stock of laid-off workers SL. The net employment func-
tion can be written formally as: !

+ +
AN = my (NN, tmy () (24)
+my (U*U,_),
+ - -+ + -
Nt‘ = & (OR,W,[, Q,D,SL), (25)
+ + -
1[* = &2 (OR,\V, t, Q»D; SL), (26)
+ + -
U* = g (OR, w,1,0,D,SL). en

As before, the signs over the coefficients or variables
indicate the plausible directions of the influences of
the exogenous variables. Most, but not all, of these
signs are implied unambiguously by the theory, as is
shown in the studies cited. The influence of @, D, and
SL upon N* requires special comment. As Q and D
rise with constant real orders. employees have to be
replaced more frequently; this implies a rise in the cost
of labor and hence, a tendency for N* to fall. But the
rise in Q and D also implies an increase in the pro-
portion of employees who are being trained and phased
in at any time and thus a reduction in the average
level of training of the employees and this effect tends
to raise N*. In equation (25) the second effect is
assumed to dominate. The negative influence of SL
upon N* is based on a pivposition put forward by
Barth (2]: If firms regard SL as a kind of secondary
labor force that is used as a buffer in cyclical adjust-
ments, then a rise in SL reduces the probability that
this buffer will be exhausted, and consequently firms
reduce their comparative static employment levels N *,

It should perhaps be emphasized that equation (24) is
only one of three dynamically interdependent equa-
tions. The other two relate A/ and AU to the same
independent variables through related parameters. The




omission of these two equations means that the indi-
vidual parameters of equations (25) to (27) cannot be
identified and hence the sign predictions discussed
above cannot be tested. Further, the omission of the
equations for Al and AU requires some special assump-
tions in the simulation exercise reported in section D.

(2) Having described employer’s behavior, let us turn
to a discussion of the remaining two labor turnover
categories, quits Q and other separations D. Quits are
initiated by employees whose decision to quit their
present positions depends on their quit propensities
and the attractiveness of their present positions in
relation to alternatives. In particular, the absolute level
of quits in an industry is assumed to depend on the
following seven factors. First, the initial total level of
employment N, _, should have a positive effect on quits
Q@ which, however, need not be equiproportionate.
Second, the industry’s wage in relation to the mean wage
in all other industries w/w, should have a negative in-
fluence on ¢;. Third, the industry’s employment growth
AN should affect quits negatively. A rise in AN is
expected to imply a reduction in the probability of
being laid off and, hence, to make jobs within the in-
dustry more attractive. Fourth, a rise in the employ-
ment growth of all other industries AE should make
alternative industries relatively more attractive and
raise quits. Fifth, the number of low-tenure employees
in the industry is expected to have a positive effect
on total industry quits. The reason for this effect is
that low-tenure employees tend to have very high quit
propensities, a phenomenon consistent with the theo-
retical argument that employees learn about the non-
pecuniary aspects of their jobs at low tenure levels
and quit when they find them unattractive. Unfortu-
nately, no series of the tenure distributions of em-
ployees are published for the current sample of
industries. Consequently, of various proxy variables
considered. it was decided to use the recent growth in
employment. In particular, Wi is defined as the growth
in employment over the past i quarters prior to the
beginning of the current quarter: Wi = N,_, -~ N,_, -,
which is expected to have a positive impact on total
quits. The current employment change AN might, how-
ever, also be a good indicator of the numbers of low-
tenure employees and thus exert a positive effect on
quits. This positive effect might outweigh the nega-
tive effect of AN discussed above. Sixth, the stock of
laid-off workers SL,_, at the beginning of the quarter
may also have a negative influence on quits. A rise
inSL,_, should discourage those quitters who normally
find new jobs within the same industry because SL,_,
is a measure of job availability within the industry.
Seventh, in order to represent any omitted variables.
a time trend ¢ was also allowed to play a role in the

determination of total quits. In formal terms, the pro-
posed quit function can, therefore. be written as

Q; =fa (N,_,, AN, AE, (w/w,),, Wi,, SL,_,, 1), (28)

-1
which seems consistent with theoretical models of quits,
for instance, with Parsons’ model [15], which is based
on a search-theoretic framework. In contrast to some
previous specifications of quit functions, for instance
Hamermesh's (8], equation (28) does not contain the
national unemployment rate. Both a priori considera-
tions and experimentation with different variables sug-
gested that AN, AE, and SL,_, may be the best set of
explanatory variables to represent job opportunities in-
side and outside the industry.

The other separations D consist of several com-
ponents that may be influenced by different factors
and. hence, it is rather difficult to model them satis-
factorily. It would appear, however, that at least some
of the arguments in the quit function should also play
a role in the determination of other separations. Thus
the variables that measure the relative attractiveness of
jobs in the industry may influence retirements to the
extent that they are not completely automatic. Further,
the Wi variable may again be an adequate measure of
the number of low-tenure employees. which must be an
important determinant of the number of discharges tor
reasons such as incompetence or dishonesty. Finally,
N, _, should again be included as a scale variable that
may influence D, nonproportionately. Thus the last
turnover function can be expressed formally as

D, =fs (N,_,, AN, AE, (wiw,),, Wi, SL,_ . 1). 29)

Equations (19) to (29) describe two versions of the
model of net and gross flows of labor that have been
used in the empirical estimation in the attempt to
obtain empirical measures of displacements and un-
replaced attritions. In the first version of the model,
equations (22) and (23) are omitted so that the em-
ployers’ turover variables are NH, RH, and L. whereas
in the second version equations (19) to (21) are omitted so
that the employers’ turnover variables are DIS and
ATT. The remainder of the model is identical in both
versions. Further, for some purposes the model has to
be supplemented by equation (10), which describes the
movement of SL through time. In both versions of the
complete model, the following variables are thus en-
dogenous: AN and. hence. N,. @, D, and ASL and,
hence, SL,. In addition, NH, RH, and L are endogenous
in the first and DIS and ATT in the second version
of the model. Further, the following variables are
exogenous in both versions of the complete model:
OR.w,t, Ny _ . I, , Uy, SL; -, wiw,, AE, Wi, and §.




Let us now turn to a description of the estimation of
this model.

C. The Empirical Results

The model that is summarized by equations (19) to
(29) has been fitted to quarterly data for twenty-four
manufacturing industries. Most of the data required
for this purpose are readily available in Employment
and Earnings, Manufacturers' Sales, Inventories and
Orders, and the Monthly Labor Review. Some data had
to be processed prior to fitting the model. The raw data
have, however, not been seasonally adjusted and,
hence, intercept dummies for the second, third. and
fourth quarters have been included as independent vari-
ables. Typically these dummies take on the value 1 in
their own quarter and 0 in others. In the equations
for quits and other separations, however, the seasonal
pattern was found to be slightly different and the dum-
mies take on the value of N,_| in their own quarter and
0 in all others.

In initial trials the net labor demand and labor turn-
over functions were approximated by both linear and
log-linear forms. By and large. the linear versions of
the model tended to give better results. The linear
specification also has the advantage that the constraint
given by AN = A—S§ can be checked or incorporated
into the model quite easily.

Various alternative estimaton methods have been
used, but the differences in the results do not seem
to be substantial. For the results presented here. the
net demand for labor, the quit. and the other separations
functions have been estimated by ordinary least-squares
and all the other labor turnover functions by two-
stage least-squares for which AN is the jointly de-
pendent variable.

For some equations the Durbin-Watson statistics are
somewhat low. These equations were adjusted for auto-
correlation and reestimated. Since, however, the re-
gression coefficients did not change very much, only
the results of the unadjusted equations are reported.
Low Durbin-Watson statistics should thus be regarded
as signals pointing to possible misspecifications.

For brevity the results for only two industrial cate-
gories, total durable and total nondurable goods indus-
tries, are presented but some of the other results are
mentioned briefly. The evidence of Table 2 suggests
that the net flow demand for labor is determined pre-
dominantly by real orders. the time trend. quits. and
lagged employment. In durable goods industries unfilled
orders also appear to exert a positive influence upon
AN. The real wage and the stock of laid-off workers do
not affect the net change in employment significantly.

Table 3 contains the empincal estimates of the
parameters for the new hire, rehire. layott, and dis-
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Table 2
The Net Employment Demand Equations
Independent
Variables Durables Nondurables
OR 0.0262 0.0330
(5.08) (4.26)
w -29.085 101.89
(-0.07) (0.64)
! -10.043 -12.418
(-2.28) (-4.77)
Q 0.6996 0.2480
(2.39) (1.84)
D 1.3649 0.7459
(1.28) (1.54)
SL —0.0871 0.2021
(-0.41) (0.76) -
Ne—y —0.7429 -0.2181
(—3.95) (-2.02)
I, 0.0193 -0.0244
(1.11) (—1.30)
U,_, 0.0124 -0.0074
(1.86) (-0.21)
R? 0.79 0.93
D-w 1.21 2.23
Note: The figures in parentheses are f-ratios. For sampie
periods, see Table 1. The column headed D-W contains the
Durbin-Watson d-statistics.

placement equations. In all of these equations, AN is
treated as thg jointly dependent variable. so that the
values for AN are those predicted by the instrumen-
tal variables that are the independent variables listed in
Table 2. Let us discuss the parameters in Table 3 in
some detail. New hires are affected positively and sig-
nificantly by the net change in employment and quits
and negatively by the stock of laid-off employees. Re-
hires are related positivelv to the stock of laid-off
workers but not very strongly or consistently to any of
the other variables. Layoffs respond negatively to net
employment changes. quits, and other separations and
positively to the stock of laid-off employees. As has
already been pointed out, this positive association be-
tween L and SL must be attributed to a positive
association betweenthe errorZ and SL. In other words.
as the stock of laid-off employees rises. the error Z,
which is defined by AN = A-L-Q-D+Z. tends 1o
rise and this rise is offset by an increase in L. This
is an interesting association, which deserves further
analysis and may yield a clue to the reason why Z
occurs. Next let us consider displacements. Two series
for displacement have been fitted. Series A is defined
as DISA = L-RH and series Bas DISB = L-RIH-2Z.
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Table 3
The New Hire, Rehire, Layoff, and Displacement Equations
Independent
Variables New Hires Rehires Layoffs Displacements A Displacements B
Durables

A?V 0.3984 -0.1101 ~0.7310 -0.6210 -0.6016
(8.95) (-3.47) (~13.94) (~13.22) (~13.51)

Qo 0.9210 0.0786 0.0985 0.0200 -0.0790
(8.93) (1.07) (0.81) (0.18) (-0.77)

D -0.1192 0.1885 ~0.7579 -0.9463 -1.1192
(-0.42) (0.95) (-2.27) (-3.17 (-3.96)

SL -0.2589 0.3085 0.1739 —0.1346 -0.2589
(-5.52) (9.23) 3.19 (-2.72) (—5.52)
R? 0.97 0.87 0.88 0.89 0.91
D-W 2.06 1.22 2.19 2.27 2.06

Nondurables

AN 0.4037 0.0105 ~0.5929 -0.6034 -0.5963
(4.87) (0.24) (-10.49) (-9.38) (-7.19)

Q 0.8254 -0.0125 -0.1576 -0.1450 -0.1746
(11.13) (-0.32) (-3.12) (-2.52) (—2.35)

D 0.2952 ~-0.1893 -0.4352 -0.2459 ~0.7048
(1.20) (-1.45) (-2.59) (-1.29) (~2.86)

SL ~0.1900 0.1855 0.1721 -0.0134 -0.1900
(~1.69) (3.10) (2.249) (-0.15) (—-1.69)
R? 0.98 0.91 0.95 0.95 0.95
D-w 1.1 1.09 1.83 1.82 1.11

For notes, see Table 2.

Corresponding to these two series there are two series
for unreplaced attritions: series A includes and series B
excludes Z, or ATTA = Q+D-NH-Z and ATTB =
Q+D-NH. As a result of these definitions, the error
Z is attributed to either DIS or ATT, so that the defini-
tional identity between the net and gross flows of labor
has been made to hold exactly in these data. In other
words, ATTA + DISA = —AN and ATTB + DISB =
—AN and either the A or the B specification can be
used. The coefficients that relate ATTA and ATTB to
Aﬁ. Q. D, and SL can be obtained easily from the
coefficients of the displacement equations in Table 3.
The AIO coefficients of the displacement and attrition
equations must sum to — | and the coefficients of Q, D, and
SL have the same absolute value but opposite signs in the
displacement and attrition equations.’* As it happens,

1*Thus the coefficients of the ATTA equatjon for total durables are
-0.3790, -0.0200, 0.9463 and 0.1346 for AN. Q. D, and SL. respec-
tively. It should be noted that DISB can also be expressed as DINH =
~AN +NH~Q~D and. hence, the coefficients of the NH and DISB
equations are related.

the DISA and DISB equations are quite similar, but
the B specification, which assigns the error Z to dis-
placements, seems slightly superior to the A specifica-
tion. By and large, the results for the other twenty-two
industries are similar to those presented in Table 3. In
particular, new hires tend to be related positively and
layoffs negatively to AN, Q. and D. Further, in-
creases in SL tend to raise new hires and reduce re-
hires. But other aspects of the rehire equations are not
entirely satisfactory.

Table 4 contains the final set of results, namely those
for quits and other separations. Both quits and other
separations are related positively to the level of em-
ployment N,_, and the current and recent changes in
employment AN and W4. Further the impact of rela-
tive wage w/w,, is negative but not significant. The time
trend tends to have a positive influence on quits and a
negative one on other separations. The stock of laid-off
workers raises quits in durables and reduces them in
nondurables, whereas the change in employment out-
side the industry AE reduces quits in durables and raises
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Table 4
The Quit and Other Separations Equations
Nondurables
Independent )
Variables Quits Other Separations Quits Other Separations
AN 0.2941 0.0486 0.0188 0.0287
(6.63) 3.29 ©.19) (0.87)
N 0.2642 0.0578 0.3677 0.0688
(10.75) (7.06) (5.56) 3.19
' -3.5610 0.1607 -0.3372 0.7831
(~5.30) 0.72) (-0.44) 3.13)
SL 0.1537 0.0043 -0.1996 0.0133
2.29) ©.19) (-1.16) 0.24)
wiw, ~506.09 -334.18 -922.21 -508.03
(-0.68) (—1.34) (~0.68) (-1.19)
w4 0.0848 0.0044 0.1071 0.0152
(3.75) 0.59) (2.09) o.M -
AE —0.1965 -0.0240 0.1092 -0.0029
(-2.26) (-0.83) (3.06) (-0.25)
R? 0.97 0.96 0.97 0.91
D-w 1.76 1.35 1.48 1.76
For notes, sce Table 2.

them in nondurables. The results from the other twenty-
two industries seem to contain very similar messages:
AN, N,_,,and W4 influence quits and other separations
predominantly positively. But the strongest result is
that for the relative wages w/w,: In twenty of the re-
maining industries the coetficient of w/w, is negative
and in thirteen it is significantly so. This is an encourag-
ingly strong result, especially in' view of difficulties
that are often encountered in attempts to discover the
effects of relative prices in time series analyses.

It is not claimed that the empirical estimates pre-
sented in Tables 2 to 4 are entirely satisfactory. Several
of the parameters have implausible signs and others are
not significant. But this evidence does contain some
substantive information on the interrelationships be-
tween net and gross flows of labor. These interrelations
will be analyzed further in the next section.

D. The Simulation

The model summarized in equations (19) to (29) has
several complex dynamic interdependencies and,
hence, it is difficult to ascertain all its properties by
analytical methods. An attempt has, therefore, been
made to obtain the most important implications of the
model by means of a simulation exercise. Let us de-
scribe this simulation in some detail by dealing, first,
with the steady-state properties of the model and,
second, with its short-run responses to exogenous
shocks.

(1) For a discussion of the steady-state properties of
the model, equations (19) to (29) have to be supple-
mented by equation (10), which describes the move-
ment through time of the stock of laid-off employees.
The steady state of the model is then said to exist when
AN =N -N,_,=0,Wi=N,_, -N,_,_;i=0,and ASL =
SL,-SL,_, = 0. In other words, with given exogenous
variables, all endogenous vanables are at their steady-
state levels when both the stock of employment and the
stock of laid-off employees are constant over time.
When these steady-state conditions are assumed. the
model, with the estimated parameters. can be solved
for its endogenous variables on the basis of any arbi-
trary set of exogenous variables. For the initial compu-
tations, the exogenous variables OR. w. r, [,_,,
wiw,, AE, and 8 were assumed to be at their sample
means. The resulting steady-state values of the en-
dogenous variables are presented in Table 5. together
with their sample means. For version 2 of the model
the error Z has been attributed to displacements and
therefore DISB + ATTB = —AN.

Inspection of the figures in Table S suggests that the
steady-state values of the endogenous variables are not
vastly different from their sample means. This similar-
ity is not necessarily implied by the structure of the
model or the estimation techniques and. hence, it may
be viewed as a satisfactory aspect of the model.

In order to be able to study the responsc of the model
to an exogenous reduction in demand, the system was
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Table 5
The Steady-State Values of the Endogenous Variables

Durables Nondurables
Steady-State Values Steady-State Values
Sample Means Version | Version 11 Sample Means Version | Version [l
AN 16.695 0 0 11.642 0 0
N 10705.281 10719.087 10709.419 7749.955 7861.774 7757.818
SL 518.142 555.540 383.676 257.607 255.530 211.250
NH - 868.019 848.157 761.760 787.815
RH 400.792 413.798 316.676 313.976
L 478.545 497.129 396.342 393.191
L Q 562.095 558.222 529.140 533.014 567.951 536.617
‘D 281.003 280.663 279.340 167.287 173.886 165.907
DISB 8.226 57.551 49.818 65.488
ATTB -24.921 -57.551 -61.460 —65.488
NH+RH-L~-Q-D -52.832 --74.059 -18.207 -33.237 -
L-RH 77.753 83.331 79.666 79.215
Q+D-NH -24.921 -9.272 —61.459 —45.978
VA 69.527 74.059 0 29.849 33.237 0

Note: All numbers in thousands. For sample periods. see Table 1. Version I consists of equations (10). (19) to (21) and (24) 10 (29).
Version II consists of equations (10), (22), (23) and (24) to (29). Z is defined as Z = AN-NH-RH+L+Q+D = AN + ATT + DIS.

started in the initial steady state and then subjected
to an exogenous shock that took the form of a 10 per-
cent reduction in real orders OR, real inventories I,
and real unfilled orders U. But the other exogenous
variables were all held at their sample means. This
procedure may require some further explanation.'® As
has been mentioned in section B of this part of the
paper, the model expressed in equations (19) to (29)
should be supplemented by two additional dynamically
interdependent functions; they determine the change
in real inventories Al and in real unfilled orders AU. In
a complete specification of the dynamic effects of
changes in demand. firms should be allowed to respond
to a ceteris paribus reduction in real orders OR by
reducing gradually the stocks of equipment, real inven-
tories, and real unfilled orders to their new steady-state
levels. In the present simulation, by contrast, real
inventories and unfilled orders are reduced to their new
steady-state levels instantaneously and, moreover,
these reductions are supposed to be proportionate to
that in real orders. Thus, the simulation traces the
short-run and long-run effects of a 10 percent reduction
in real orders, real inventories, and real unfilled orders
upon net employment and all the labor turnover cate-

131f the reduction in an industry's output is due to a trade liberaliza-
tion policy that involves international reciprocity, then the simulation
exercise should be based on the assumption that some industries
contract and others expund their empioyment leveis. In the above
simulation alternative industries remain unaffected and, hence, the
present results may be too gloomy.

gories. The reason for this simplified approach is that
the primary purpose of the research underlying this
paper has been to obtain the relationships between net
changes in employment and the labor turnover flows.
The estimates of these relationships may not be af-
fected much by the above simplitication, which seems
to influence primarily the estimate of the net change in
employment.

The long-run effects of a 10 percent reduction in OR,
I, and U are presented in Table 6. This table con-
tains the new steady-state levels of the endogenous
variables for the two versions of the model and the two
industry groups as well as the percentage differences
between the initial and the new steady-state levels.
Thus, the reductions in OR. I, and U cause reductions
in the steady-state values of employment. new hires.
quits, other separations, and unreplaced attritions and
increases in those of the stock of laid-off emplovees.
rehires, layoffs and displacements. The signs of the
changes in the steady-state levels are the same for both
industry groups though their magnitudes differ substan-
tially in some instances. A particularly striking feature
of these numbers is the large decline in quits. which
is much larger proportionately than that in employ-
ment. Consequently. the quit rate. that is. the ratio of
Q to N, is much lower in the depressed than in the
prosperous steady state.

A comparison of the steady-state levels in Tables §
and 6 suggests that, in relatively prosperous times.
quits, other separations, and new hires tend to be high
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Table 6
The Second Steady-State Values

For notes, see Table S.
*The differences in the steady-state levels in Tables 5 and 6.

Durables Nondurables
Version | Version [I Version 1 Version [I
Percent Percent Percent Percent
New Level Difference® New Level Difference New Level Difference New Level Difference

N 10004.447 -6.67 9995.944 -6.66 6721.538 -14.50 6618.925 -14.68
SL 683.323 23.00 532.159 38.70 5§37.127 110.20 493.418 133.57
NH 657.045 -22.53 301.416 -61.74
RH 431.364 4.25 387.062 23.28
L 533.863 7.39 553.571 40.79
Qo 381.189 =-31.71 355.610 -32.79 71.139 -87.47 40.210 -92.51
D 238.496 -15.02 237.332 -15.04 96.575 -44.46 88.699 —46.54
DISB 79.824 38.70 152.960 133.57
ATTB -79.824 -38.70 —-152.960 —133.57
NH+RH-L-Q-D -65.139 12.04 -32.807 1.29 .
L-RH 102.499 23.00 166.509 110.20
Q+D-NH -37.360 —302.93 —133.702 -190.80

and to take care of a relatively large proportion of the
reallocation of workers among establishments and
industries. In relatively depressed times. on the other
hand, quits, other separations. and new hires tend to be
low and the function of the reallocation of workers
seems to be shifted to layoffs, rehires. and the stoct of
laid-off employees. all of which are larger than in pros-
perous times,

(2) Although the long-run consequences of reduc-
tions in real orders, inventories, and unfilled orders
may be of considerable interest, the primary focus of
the research underlying the present paper is on the
short-run adjustment paths of employment and the
{abor turnover flows. Figures 2 to S trace the paths of
employment, the stock of laid-oft employees, and the
turnover variables that occur as a consequence of the
10 percent exogenous reduction in real orders. inven-
tories, and unfilled orders. The figures refer to both
versions of the model and both industry groups. The
reader should note that the scales of Figures 2 to 5 are
not all identical and that the origin of the stock of em-
ployment has been adjusted so as to make it fit into the
diagrams with the other variables. The main implica-
tions of Figures 2 to § are as follows: all four versions
of the model are stable in the sense that the variables
approach their new steady-state levels and do not
diverge from them. Further, in the durable goods indus-
tries, adjustment tends to be quite fast: all variables
are quite close to their new steady states within one
year after the disturbance. In the nondurable goods
industries the adjustment is somewhat slower. Further,
in nondurables the variables approach their new

steady-state levels monotonically, whereas in durables
they overshoot their steady-state levels and then return
to them.

In order to obtain an impression of the roles played
by the various labor turnover categories in a downward
adjustment of employment. Table 7 has been prepared.
It contains the cumulated deviations from the initial
steady states of the various net and gross flows of labor.
The period over which the observations have been
cumulated is one calendar vear, namely the four
quarters that follow the exogenous demand reduction.
Thus, the number in the first row and column in Table 7
indicates that, during the four quarters after the distur-
bance. employment has fallen by a total of 709.800 below
its initial steady-state level and the other numbers in the
first column should be interpreted similarly. To obtain
an impression of the relative importance of the various
labor turnover categories, the numbers are presented
also as percentages of —AN. The following character-
istics of the evidence in Table 7 should be noted. In
version 1 of the model new hires decline by more than
the net reduction in employment in both industry
groups. But this decline is offset by substantial reduc-
tions in quits and other separations, so that the esti-
mated unreplaced attritions are only 15.6 pecrcent of
—AN in durables and —13.5 percent in nondurables.
Layoffs risc substantially and are offset only partially |
by increases in rehires so that the estimated displace-
ments are 57.2 and 69.5 percent of —AN for durables
and nondurables. respectively. The error. that is the
difference between AN and (NH+RH-L-Q-D) is
27.2 percent for durables and 44 percent for nondura-
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Table 7
Cumulated Deviations from Initial Steady States
Durables Nondurables
Version | Version 11 Version | Version 11
Percent Percent Percent Percent
Thousands of ~AN  Thousands of ~AN Thousands of ~AN Thousands of —AN
AN -709.8 100.0 -708.3 100.0 -374.6 100.0 -372.2 100.0
NH -873.1 -123.0 ~392.1 -104.7 °
RH 2738 38.6 63.8 17.0
L 679.7 95.8 324.2 86.6
Q -633.6 -89.3 -628.3 -88.7 -1381.7 -101.9 -383.6 -103.1
D -128.7 -18.1 -1285 -18.2 -61.1 ~-16.3 -60.6 -—16.3
L-RH 405.9 57.2 260.4 69.5
Q+D-NH 110.8 15.6 -50.7 ~13.5
" NH+RH-L-Q-D -516.7 -72.8 -209.7 ~56.0
DISB 404 .4 57.1 268.7 72.2
ATTB 303.9 429 103.5 27.8

bles. In version 2 of the model this error must disap-
pear. The differences between the estimates of AN,
@, and DIS for the two versions of the model are
negligibly small. The only striking differences occur in
the estimates of unreplaced attritions, which are sub-
stantialiy higher in version 2 than in version 1. Indeed,
the entire error of version | seems to be attributed to
ATTB in version 2.

For present purposes, the most interesting implication
of Table 7 is that, despite the very large decline in new
hires, unreplaced attritions seem to play only a sec-
ondary role in bringing about net reductions in employ-
ment. The reason for this phenomenon is that new hires
respond to a sharp fall in quits so that new hires and
quits fall in a mutually offsetting manner. In section 3A,
it has been pointed out that Hamermesh's approach
implies that unreplaced attritions account for 79 percent
of any net reduction in employment. As noted, this
finding is based on the assumption that the industry’s
quit rate is independent of economic conditions within
the industry. The finding of the present research is that
such an assumption can substantially bias the results.
The numbers in Table 7 suggest, by contrast to Ham-
ermesh’s, that the fall in quits may prevent unre-
placed attritions from bringing about a large proportion
of any net reduction in employment. According to these
estimates unreplaced attritions amount to, at most, 42.9
percent of ~AN. Although no finality is claimed for the
present results, they do suggest that quits ought to be
allowed to respond to changes in economic conditions
within the industry in future investigations of labor
turnover, especially if they are aimed at obtaining esti-
mates of unreplaced attritions and displacements.

4. Conclusions

‘In the research underlying this paper an attempt has
-beern- made to estimate the displacements and unre-
placed attritions that must be expected to occur as a
result of exogenous reductions in the demand for an
industry's output. Such reductions may be caused by
many factors, including trade liberalization measures
and the ensuing increase in import penetration. the
effects of which are of particular interest in the present
context. Co .o '

Parts 2 and 3 of this paper contain the general concep-
tual framework of the analysis, a description of the time
series data, and the result of the construction, estima-
tion, and simulation of the model. The main conclusion
of the analysis is that unreplaced attritions may not be
as important in bringing about net reductions in
employment as is sometimes suggested. Although firms
cut their new hires drastically when demand falls, this is
largely caused and offset by substantial reductions in
voluntary quits. In other words. since attritions fall with
demand conditions, attempts by firms to effect net re-
ductions in employment through unreplaced attritions
tend to have only limited success and the primary
method of reducing employment takes the form of dis-
placements. >

It seems that the time series data cn labor turnover
have not been analyzed previously with a view to ob-
taining estimates of displacements and unreplaced attri-
tions. The estimates presented in this paper should,
thercfore, be regarded as a first attempt at generating
quantitative information that has potentially important
implications for economic policy. A number of obvious




areas for further research suggest themselves. The con-
ceptual framework might be changed. Following Mor-
tensen [17] and Pencavel [12], it might be assumed that
the typical firm controls its quits through its relative
wages. The rehire equation, which currently yields un-
satisfactory empirical results, should perhaps also be
specified differently. For the empirical estimation. dif-
ferent functional forms and different econometric
methods could be tried in an effort to improve the
results. Finally, estimates of displacements and unre-
placed attritions should be obtained for industries that
are smaller than total durable and total nondurable
goods industries. Disaggregation seems to be especially
desirable, because at highly aggregated industry clas-
* - sifications much labor turnover is intra-industry turn-
over and, as has been pointed out in part 2 of this
paper, such intra-industry turnover, to the extent that
NH, > 0, tends to bias the estimates of displacements
and unreplaced attritions. As discussed in part 3, the
model has been fitted to twenty-two additional man-
ufacturing industries and the results are being analyzed
currently. As has been found by Nadiri and Rosen [13].
however, the same model of factor demand does not
perform equally well at all levels of aggregation and.
hence, some industry-specific modeling may be neces-
sary. It is hoped that future research will provide infor-
mation on the reliability of the currently avatlable esti-
mates of displacements and unreplaced attritions as
well as on the source of any intra-industry differences in
the relative importance of displacements and unre-
placed attritions as a means of reducing employment.
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