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LABOR -HOARDING IN DURABLE GOODS INDUSTRIES

by

*
C. Scott Clark

Most economists are familiar with the observed short-run behavior
of productivity as measured by output per man or output per manhour. It
is generally observed that productivity tends to rise most rapidly when
output is recovering towards capacity and to fall or rise less rapidly as
output declines from capacity. According to the law of diminishing marginal
productivity, however, the opposite behavior should be observed. That is,
with capital fixed in the short run, there should be decreasing returns to
labor as output increases towards capacity and increasing returns to labor as
output declines from capacity. This apparent contradiction between reality
and theory has not been confined solely to studies of how output fluctuates
with employment. Econometric studies of short-run employment behavior have
consistently obtained estimates of the equilibrium output-employment elasticity
which suggest increasing returns to labor services [2], [4], [5], [19], [20].

In recent years a number of hypotheses have been put forward in an
attempt to reconcile this apparent paradox [6], [11], [20]. One possible ex-
planation, which recently has begun to attract an increasing amount of support
is referred to as the labor-hoarding theory. This theory operates on the
assumption that there are important costs associated with changing the labor
force. Given these adjustment costs a minimum cost employment policy for a

firm may be one in which the firm employs more labor during periods of declining
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output than is required to produce the desired level of output. If this
hypothesis is true, then during periods of declining output the actual labor
used in the production process may in fact be declining in proportion or
more than in proportion to changes in the output even though measured em-
ployment does not. At the same time, once output begins to recover, the
increase in measured employment will be less than proportionate to the increase
in output since the firm can now use in its production the excess labor that
was accumulated during the previous periods of declining output. The fact
that measured employment may not be a very good measure of the true production
function input could very well account for the contradictory results obtained
by the earlier productivity and short-run employment studies.

The purpose of this paper is to construct a model of short-run employ-
ment behavior in durable goods industries based on an assumption of labor-
hoarding. The paper is composed of four sections. In section I the labor-
hoarding model is outlined and the necessary and sufficient conditions for a
minimum cost employment policy are established. Using the cost minimization
conditions a programming algorithm is derived which permits us to obtain
estimates of the maximum length of time it would be profitable for firms to
hoard excess labor, referred to as the labor-hoarding lag. Two models are ’
constructed. The first model assumes there is no production lag in durable
goods industries, while the second model allows for a production lag in the
determination of required employment. 1In section II the data aredescribed.
Section III presents the estimates of the labor-hoarding lags. Several hypo-

theses are also tested. Section IV contains the summary and conclusions.
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I. THE MODELS

1. We assume that the objective of the firm is to produce output
QI’QZ""’QT over T periods at least cost. We also assume that the produc-
tion function of the firm is such that a fixed number of workers is required
per unit of output. That is,

eN L, ZAQ,

where Lt is the number of workers employed by the firm during period t, Qt

is the firm's output, and ) the production coefficient or labor-output ratio.
We postulate that there are three costs associated with using labor:

a wage, W, paid each period; a hiring cost, h, paid each time the labor force

is enlarged; and a lay-off cost, f, paid each time the labor force is reduced.1

The firm;s total labor cost over T periods is thus,2

_ ot oot
C = WLty +yeeestly) + (L Ly1" + [y 174,000t

2
+ + +
(2) Ly Ly 1% + E(AL LT + L1, 4.,
+
+ Ly g Lgl)
where X1t =0 if x<o

X if X =0 .

Given (1) and (2) the necessary and sufficient conditions for a cost
minimization employment policy can be derived as follows. In general, a firm
will hold no more labor than is required to produce current output, except
that workers will not be laid off for a temporary drop in output. The maximum
length of time that it is profitable for a firm to keep a worker on the payroll
without having him work is given by the ratio of the layoff plus hiring cost
to the wage cost. That is

(3) txt = —= ,
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In other words, a minimum cost employment policy for a firm is one in which
the firm will never have more than t* successive periods of positive excess
labor. At the same time, in order for employment costs to be minimized, a
layoff by a firm will never be followed by a hire within t* periods, since in
that case it would be cheaper for the firm to eliminate both the layoff and
the hire and carry excess labor. These two conditions are necessary and
sufficient for a cost minimization employment policy.

An easy algorithm for estimating the labor-hoarding lag, t*, and the
production coefficient, A, is suggested by the two cost minimization conditions.
We begin by taking as our initial guess of the firm's employment policy, the
policy of holding no excess labor. In this case we have from the production

function that,

) L, = \Q, -

Given data on output, and assuming a value for )\, we calculate the employment
series that would occur if no excess labor were held. We then assume a value
for t* and consider the earliest layoff in the no excess labor employment
series. If a hire occurs within t* periods after the layoff, then the layoff
and the hire are cancelled and the labor force increased for every intermediate
period. This process is repeated over the entire sample until no hire occurs
within t* periods of any layoff. At every iteration the second cost minimiza-
tion condition is satisfied so that the process will reach a minimum cost
policy in a finite number of iterations. We select the maximum likelihood
estimates of t* and )\ from the set of all possible combinations by comparing
the sum of squared residuals between the observed employment series and the

estimated employment series based on our cost minimization conditions.
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The production function adopted in this paper is the simplest
of all those available, that of fixed coefficients. This implies that capital
and labor are not substitutable, and therefore that variation in relative
factor prices are not important in determining factor intensities. The large
body of empirical work on production functions indicates, however, that manu-
facturing industries are characterized by factor substitutability. This would
appear to indicate that the assumption of constant factor proportions for
determining required employment in (4) is inappropriate. However, this is
not necessarily so. It is not a contradiction to believe the empirical evidence
which indicates that the true production technology is characterized by factor
substitutability and at the same time still believe that, for the purpose of
deducing factor demand from output demand, a fixed coefficient technology pro-
vides a satisfactory approximation to the true technology. Factor substitut-
ability may not be important for the purpose of deducing factor demand if
relative factor prices do not change very much.

Ray Fair in his study of the short-run demand for workers concluded that
the "postulate of no short-run 'substitution possibilities' between workers and
machines may not be an unreasonable approximation of reality, but no direct
empirical evidence is given here to support it." [6, p. 53] However, our
approximation of the true technology by a fixed coefficient production function
has received some empirical support in the case of demand for investment goods
in studies done by D. Jorgenson and M. Nadiri [8] and by Jorgenson and C. Siebert
[9]1. 1In the former study, alternative investment models were compared for fif-
teen two-digit SIC manufacturing industries, while in the latter study investment
models were compared for fifteen large manufacturing companies selected from 14
different OBE-SEC industry groups. These studies concluded that on the basis of

the standard error of the regression, the investment model allowing for
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substitutability3 performed better than the model excluding substitutability,4
for 67 percent of the industries, and 80 percent of the companies compared.
This is an impressive record, but a careful examination of the actual
differences between the standard errors reveals that of the total 27 industries
and companies for which the investment model allowing for substitutability was
judged better, 21 had standard errors which were only .0001 to .0050 billion
dollars smaller than the standard errors of the investment model excluding
substitutability. When considering gross investment measured in billions of
dollars, differences of 100 thousand to 50 million dollars have hardly any
economic significance.

The results obtained by these two careful studies of the demand for
investment goods provide strong justification for using constant factor pro-
portions as an approximation to the true technology for the purpose of deducing
factor demand from output demand.

There are of course some more practical reasons for using the fixed
coefficient approximation. First, because of the estimation technique used,
it is important to keep the number of structural parameters to be estimated
to a minimum. Second, in this paper, data for three-digit SIC industries are
used and there are,to date, no capital data available at this level of dis-
aggregation.

One problem still remains concerning the assumed fixed coefficient
technology. A brief examination of the employment-output data for the industries
indicates that for most of the industries there has been a downward trend in
the labor-output ratio. Having assumed away capital-labor substitution there
are two other possible explanations for this behavior. First, it is quite

possible that the production function is one of increasing returns to scale
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rather than constant returns to scale. That is
L = QIL n> .

Fair, in a careful examination of his data, concluded that "there is not
enough evidence from these results to determine which is the most realistic
assumption about short-run returns to scale to make." [6, p. 45] A second
possible explanation is that there has been labor-augmenting technical change
during the sample period. Allowing for this possibility, the technology
approximation becomes

(6) L, 2 XD Q, -

We assume that technological change takes place smoothly at a constant rate

m, so that,

(N ME) = Aoe““t )

Equations (6) and (7) simply say that a given level of output can now be
obtained from a given capital input and a labor input, Lt’ measured in men
that decreases over time. Within this model a decreasing number of men
represents an increasing number of labor efficiency units so that a fixed
coefficient production relation is maintained between capital and labor

efficiency units.

2. The labor-hoarding lag, t*, will be estimated using data for five
three-digit SIC durable goods industries. By using three-digit industry data

it is possible to avoid some of the problems that might be caused by aggrega-
tion. It is very likely that many of the diverse relationships that exist
between industries would be concealed if aggregate data were used. The use

of three-digit industry data, however, does have some costs associated with it.
Most important, inventories by stage of fabrication are not available for three-
digit industries. Consequently, for the model in section 1 it is necessary to

use shipments as a measure of output. Since most of the durable goods
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industries used in this paper5 probably produce primarily to order, the
assumption of no finished goods inventories is not unreasonable. It is
difficult to determine, however, what change in our output measure would
occur if we were able to include the change in work-in-process inventories.
It is quite possible that a decline in shipments could be completely offset
by a build-up in work-in-process inventories so that output as measured by
shipment plus the change in work-in-process inventories would show no decline
whereas output as measured by shipments would. This possibility would be
particularly true for industries with fairly long production lags. If pro-
duction of a good takes several periods then the amount of labor required in
any period will depend not only on the goods which reach completion and are
shipped, but also on those goods still in the production process at different
stages of completion (i.e., work-in-process inventories). To assume that re-
quired labor services depend only on shipments in the current period implies
that there is no production lag.

There is sufficient evidence, [1], [3], to indicate that in the durable
goods industries production does take time. Consequently, in order to compen-
sate for the possible inadequacy of shipments as a measure of output in this
type of industry we will develop a second labor-hoarding model based on the
assumption of a production lag. The model is developed for an industry which
produces qt+l different goods. Each good is distinguished by its production
time, defined as the time between initiation of production and the completion
of the final product.

We define the following variables:

Xt . = The value of production initiations of good j
»J 4n period t

Lt j = The number of workers required during period t
H

for the production of good j.
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As before we assume that a fixed coefficient technology provides a
satisfactory approximation to the true industry production function. More
specifically, we assume that for good j a fixed number of workers is re-
quired per unit of production initiations of good j.

Consider now the demand for workers in period t to be used in the
production of good j. In period t there will be some of good j reaching the
final stage of production. These will be goods whose production was initiated

in period t-j (i.e., X ). These goods will require some labor services.

£-3,
At the same time, there will be some of good j which will reach the final
stage of production in period t+l. These goods whose production was initiated
in period t-j+l will also require some labor input. Thus, for each production
of good j initiated in the current period and over the past j periods there
will be some labor input required in period t. Employment required for the
production of good j in period t can then be written as a distributed lag
function of production initiations of good j:

k| .
(8) L .= % aﬁ’J X

t:j T=0 t-T’j

For j=0, the lag function would collapse to include only Xt 0’
b
= L0
9 Le,o=B %0

For j=1, we would have the relation

1,1 L,1
(10) Lo1°PB0 X1 %8B Xegn e

Since there are g+l goods there would be ¢+l distributed lag labor requirement
functions. Using a lag operator Z, equation (8) can be rewritten as,
3

L,j T
11 L .= X 7z X ..
( ) t,J —0 BT t’J
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. k| :
Letting(}”l(z) = X Bﬁ’J z" we have the final labor requirement function for
=0

good j:

- gl
(12) L, =8 @%

Total labor required by the industry in period t is the sum of the labor

requirements for each of the g+l goods:

q .
(13) L = 5 g @x

j=0 t’j

We now make the aggregation assumption that the mix of production initiations

i.e., X ees is constant for all t. That is
( ’ t,O’ 19 sX t,q ) a

(14) x . =g"x (=0, 1,...
t,j BJ £ J s Ly qQ)
where Xt is the value of total production initiations in period t, and the

B? measures the relative importance of the production initiations of each

good. By definition,

P _
(15) By = 1.

I ™M.0

j=0

Substituting the aggregation assumption into (13) gives

q
(16) L= = B ’J(z)a X, -
§=0

.n .

Letting B (Z) = Z B ’J(Z)B we have the final distributed lag relation between
j=0

total labor requirements and the value of total production initiations:
_ &L
) L. =86 (Z)Xt

In the labor requirement equation, (17), the key variable production
initiations is not observable. To complete the model for empirical testing
we must relate Xt to some observable variable. In this paper Xt is equated

to the value of new orders received during period t. The labor requirement
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function then becomes

_ L
(18) Lt =B (Z)Nt .

The lag function, BL(Z), is assumed to be stationary. The stationarity
assumption is explicit in our aggregation assumption. The choice of new
orders as a measure of production initiations in any period may create
situations, however, in which this assumption is not valid. If an industry

is operating at less than full capacity then any new orders received during

a period can be initiated into production almost immediately. On the other
hand, when capacity is being fully utilized new orders will not be initiated
immediately but instead will be placed in a queue to await production some-
time in the future. Consequently, in addition to the work-time lag there is
now a wait-time lag. The latter lag component will vary over time depending
on the degree of capacity utilization. In order for the stationarity
assumption to be valid we must assume that there is always sufficient excess
capacity in the industries so that the wait-time lag is zero.6 There are
other reasons why the function may not be stationary. Even if there is ex-
cess capacity so that there is no queue, the work-time lag may change. First,
there may be technological improvements resulting in a shortening of the work-
time required for production. Secondly, there may be a cyclical response in
work time. As demand conditions improve firms may be able to shorten their
work time by increasing their work speed. However, if demand continues to rise
at a fairly rapid rate there may be a relative deterioration in the earlier
improvement as less efficient capital and labor must be employed. Finally,
there may be a change in the relative importance of the various commodities

in total demand.
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Befbre proceeding it is interesting to note the relation between the
labor requirement function, (18), and the labor requirement function (4) which
assumes no production lag. If we adopt the assumption that there is no pro-
duction lag then there will be only one good produced in the industry (i.e.,
good 0) . Using the notation of this section we would have,

(19) Xt,O = xt .

Equating production initiations to new orders gives

(20) X =N_.

Since we are assuming that there is no waiting lag, every new order in period
t becomes a shipment in period t. We have then that

(21) N_=8

The labor requirement function is then simply,

= aLs0
(22) L =8, S,

which is the form of the labor requirement function without technological change

used in section 1.

We can now complete the new labor-hoarding model. We assume that the
objective of the firm is to fill all new orders Nl’ NZ""’NT’ over T periods
at least cost. Based on the assumption of a production lag and a fixed co-

efficient technology the number of workers employed in period t is given as

. L
(22) L, 2B (DN, .

The cost function, (2), used in the first model is also applicable in this
model. Since only the labor requirement function has been changed the
necessary and sufficient conditions for a cost minimization employment policy
are essentially the same as those in section l. In general, a firm will hold
no more labor than is required to complete the production of those goods in the
final stages of processing,

(23) Nt’o’ Nt-l’l,ooo’ut-q’q
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and also labor required to maintain work on goods which will reach completion
in periods t+1, t+2,...,t+q:

Neo1

Ne 2o Neo,2

(24)

N

t,q’ Nt-l,q’ Nt:-q+1,q )
On the other hand, workers will not be laid off for a temporary drop in new
orders. The maximum length of time that is profitable for a firm to keep a

worker on the payroll without having him work is given by the ratio of the

layoff plus hiring cost to the wage cost:
(25) th = ==

A minimum cost employment policy for a firm is one in which the firm
will never have more than t* successive periods of positive excess labor.
At the same time, in order for employment costs to be minimized, a layoff
by a firm will never be followed by a hire within t* periods, since in that

case it would be cheaper for the firm to eliminate both the layoff and the

hire and carry excess labor. These two conditions are necessary and sufficient

for cost minimization.

To estimate the labor-hoarding lag, t*, we employ the algorithm described

in section 1. Three different specifications of BL(Z) will be used. To begin with

we adopt the simple specification that the lag coefficients correspond to a
rectangular lag function. This can be expressed as

(26) BT =q if O

IIA
1A

T=q

0 otherwise.
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The labor requirement function then becomes
(27) L =a Z N

leaving only three parameters to be estimated: «, q, and t¥*.

Assuming a value for o, for a given q, we obtain an estimate of the
no excess labor series from (27). With this series we are then able to
estimate the labor-hoarding lag, t*, using the cost minimization algorithm.
An initial estimate of & can be obtained by dividing the observed employment

q

series by X Nt-T . Once having obtained the best estimates of @ and t¥,
7=0

for each q, we select as our best estimatesof all three parameters that equa-
tion which has the smallest variance corrected for degrees of freedom.

The second function to be used in this study is the inverted V or

symmetric triangle. Using this specification the lag coefficients are given

by
= = =

(28) BT o, T 0=+ =a,
=a, - ozl('r-oez) a, < < 2a2

where al is the slope of the triangle and 212

specification into the labor requirement function gives

its length. Substituting this

a, 232
(29) L =a, & 7N __+ I [oo,-a(TQ,)IN__ .
t 11'=0 t-T 1'=o:2+1 17271 2" e-2,

Since the triangle is symmetric this is equivalent to
a2-1

(30) L =0, Z TNt Nt-2a2+'r) + alath_az

In the case of the triangle there are only three parameters to estimate:

the slope @, the mid-point of the triangle, az, and t*.

1’
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The estimation of the model with a triangular lag function is similar
to that with the rectangle. Given a value for Qys and assuming a value for
Qs we obtain an estimate of the no excess labor series from (30). The labor-
hoarding lag, t*, is then estimated as before. We select as our best estimates
of a.,, O

1° 72
of freedom. An initial estimate of the slope q; can be obtained by dividing

and t* that equation with the smallest variance corrected for degrees

observed employment by

az-l
(31) EOrN AN )t N

=0 t=T 2 2

The third distributed lag function to be used in our labor requirement
equation is the common geometric function. Under this specification the co-
efficients are given by

— T
(32) B'r = a,Q, 0 sa2 <1,

The labor requirement function becomes
©

s a N .

(33) L =a
T=0 2 t-T

t 1

Using a Koyck transformation we obtain the labor requirement equation to be
used in estimation.

(34) L = ath +a

t Lt-

27t-1

With the geometric lag function there are three parameters to be estimated;
al’ az, and t*¥. Initial estimates of al and az can be obtained in the
following manner. First, we know that a, must be less than one and equal
to or greater than zero. Assuming a value for a, within these bounds we

obtain an estimate of the range of al by dividing observed employment by

(35) S ol N
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There is, however, one additional estimation problem. It is necessary
in the case of the geometric lag function to pave an estimate of the number
of non-idle workers held in period zero (i.e.f LO). In other words, it is
necessary to consider different initial values for LO’ and for each value ob-

tain the best estimates of al’ a2 and t*. We select as our best estimates of

LO’ Qs @y and t*, that equation which has the smallest variance corrected
for degrees of freedom.

So far in our discussion of this model we have not considered tech-
nological change. We now assume that technological change takes place smoothly

at a constant rate, m, so that employment is now given by

-mt L

(36) Lt 2 }be B (Z)Nt .

This results in one additional parameter to be estimated for each of the
three distributed lag functions.
With technological change and a rectangular lag function the labor

requirement equation becomes

37N L = Qe S N .

(38) L =aqa,e Z TN +

t-r Nt-2a2+1) Ta

N
2 ta,

For the geometric lag function the inclusion of technological change given

o«
- -mt T
(39 Lt = Qe TEO a, Nt-T .

Employing a Koyck transformation, gives

(40) L =0

-mt
¢ 1e Nt + ozth_l .
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The introduction of technological change in this manner allows the
lag functions in the labor requirement equation to be semi-nonstationary.

For example, in the case of the rectangle the inclusion of technological
change implies that the height of the rectangle is decreasing over time
while in the case of the triangle it implies that the slope is decreasing
over time. In both cases, however, the length of the production lag remains
constant. For the geometric lag function the inclusion of technological
change implies that the height of the function is declining.

In section III estimates of the labor-hoarding lag are presented based
on equations (4), (6), (37), (38), and (40). Before proceeding to the empirical
results some brief comments on the roles of foresight and labor utilizationm,
applicable to both models, are in order. The interpretation of t* as the
maximum length of time it is profitable for a firm to hoard idle workers
implies that the firm has knowledge of its future output or new orders and
consequently, from the production function, the path of required employment.
Without such knowledge the firm would be unable to know exactly when it should
begin hoarding labor or how much labor it should hoard. For the durable goods
industries used in this study the assumption of perfect foresight can be de-
fended on two grounds. First, durable goods industries produce primarily to
order and the lag between orders and production is sufficiently long to enable
the firm to use its orders data in planning layoffs and hiring. Secondly, on
the basis of past experience firms have sufficiently good knowledge of the
seasonal behavior of orders and shipments to permit accurate employment planning.

The second assumption worth noting is the role of labor utilization in
both models. In constructing the lébor-hoarding models we have not allowed

for substitution between the stock variable, workers, and the flow variable,
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the number of hours worked per worker. In our models an increase or decrease
in shipments, and new orders,necessitates an increase or decrease in required
workers. This excludes the possibility of simply changing the utilization of
the existing stock of workers (i.e., the number of hours worked per worker) in
response to a change in shipments or new orders. The task of constructing a
minimum cost employment model based on a theory of labor-hoarding which allows

for substitution between men and hours is left to future work.

II. DATA

The overhead labor lag, t*, is estimated for the following three-digit

SIC durable goods industries:

Blast furnaces and steel milis7;

331

351

Engines and turbines;

353 - Construction, mining, and material handling equipment;

354 - Metalworking machinery;

361

Electrical distribution equipment.

The shipments and new orders data are monthly unseasonally adjusted data
obtained from the monthly survey of manufacturers published by the Department
of Commerce, [19], [20]. The data were not seasonally adjusted since the
purpose of this paper is to examine the short-run behavior of employment. The
sample used in this study covers the period January 1960 to January 1969. This
includes one recession, 1960-1961; the moderate expansion beginning late in
1961 and culminating in the more rapid expansion of 1965 and early 1966; the
mini-recession of 1967 followed by a period of moderate growth until the
beginning of 1969.

To obtain a constant dollar shipments and new orders series, wholesale
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price indices published by the Bureau of Labor Statistics were used. Un-
fortunately, the industry classifications used by the Bureau of Labor
Statistics are not the same as the SIC classifications used by the Bureau
of the Census for its shipments data. It was not until 1967 that the Bureau
of Labor Statistics began to publish wholesale price indices on an SIC basis.
As a result, it was necessary to combine BLS price indices which would re-
present as much as possible the SIC industry.

Employment data are available for SIC industry classificatiomns, [24]
There were some differences, however, between the industry classifications
used by the Department of Labor and the classifications used by the Department
of Commerce. The differences applied only to industry 354, metalworking
machinery, and industry 361, electrical distribution equipment. Fortunately,
however, the employment data are available for four-digit industry classifica-
tions so that it was possible to derive employment series for industries 354
and 361 which are comparable to the industry classifications on which the
shipments and new orders data are based. Both total employment and employment
of production workers are available for our sample period. An estimate of
employment of non-production workers is obtained as the differences between

total employment and employment of production workers.

IITI. Empirical Results
Estimates of the labor-hoarding lag, t*, are presented for the model
without a production lag based on (4) and (6) and for the model with a pro-
duction lag based on (37), (38) and (40). Several hypotheses. are also fested.
In each model the hypothesis of no labor-hoarding (i.e., t*=0) and the hypo-
thesis that production workers and non-production workers are the same are

tested. Also since the model without a production lag is a constrained form
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of the model with a production lag, it is possible to test the hypothesis
that the production lag is not important in explaining the demand for em-
ployment in the durable goods industries.

Before turning to the estimates we should note an important problem
concerning the selection of appropriate sample periods for estimation. Since
our estimation algorithm is based on the cost minimization condition that
there should be no hire within t* periods of a layoff, it is necessary to
choose as our beginning month one in which shipments, in the case of the
first model, and BL(Z)Nt, in the case of the second model, are at a peak
or declining. If we were to select as our beginning month one in which either
shipments or BL(Z)Nt were rising, we would be unable to apply the cost minimiza-
tion conditions since we would not based information as to the amount of layoffs
in earlier months. At the same time, the terminal month must be one in which
shipments or BL(Z)Nt are at a peak or rising. 1In this case if we were to
select as our terminal month one in which either shipments or BL(Z)Nt were
declining, we would be unable to apply the cost minimization conditions since
we would not have information about subsequent hirings.8 Finally, it is
necessary to exclude from the sample any months in which the behavior of
employment, shipments, or new orders are considerably different from
their behavior in immediately prior or subsequent months (e.g., due to
strikes or possible errors in data).

Table 1 contains the estimates of the labor-hoarding lag, t¥*, for the
model without a production lag, with and without technological change. As
expected the model with labor-augmenting technical change performed sub-
stantially better, on the basis of the sum of squared residuals, than the
model without technological change. In the case of total employment, esti-

mates of t* in the model with technological change ranged from a low of 5
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months in industry 351 to a high of 14 months inindustry 331. For industries
353, 354 and 361 the estimates of t* were 9, 6, and 7 months, respectively.
The introduction of technological change lowered the estimates of t* in
industries 351, 353 and 354 by one, three, and one month, respectively; and
increased the estimates by two months in both industry 331 and industry 36l.

For employment of production workers, estimates of t* in the model with
technological change ranged from a low of 5 months in industries 351 and 361
to a high of 14 months in industry 331. For industries 353 and 354 the esti-
mates of t* were 9 and 5 months, respectively. 1In three of the industries,
331, 351 and 353, the estimates of the labor-hoarding lag t* for production
workers were the same as the estimates of t* for total employment. For industry
354, metalworking machinery, the estimate of t* for production workers was one
month less than the estimate for total employment, and for industry 361,
electrical distribution equipment, the estimate of t* for production workers
was two months less. The introduction of technological change into the model
increased the estimate of t*’for.industry 331, lowered the estimates for
industries 351 and 354, and did not change the estimates for industries 353
and 361.

In the case of non-production workers we would expect the estimates of
the labor-hoarding lag, t*, to be longer than the estimates for production
workers. This group includes professional and technical personnel and it
might be argued, that because of the cost of orienting these workers to the
operations of the firm and also because of their relative scarcity, firms will
be less willing to lay off these workers for temporary drops in output. Our
estimates of t* tend to support this hypothesis. In no industry is the estimate

of t* for non-production workers less than that for production workers. In



19

“«

-23-

industries 351, 353, 354, and 361 the estimates of t* for non-production
workers were 4, 2, 3, and 2 months longer, respectively, than the corresponding
estimates for production workers. For industry 331 the estimate of t* was the
same as the estimates for production workers. Finally, in the case of non-
production workers, the introduction of technological change increased the
estimates of t* in every industry except industry 353 where the estimate re-
mained the same.

We turn now to the estimates of the labor-hoarding lag for the model
with a production lag. Table 2 contains the best estimates of t*, , m and
q for the model with a rectangular lag function. In the case of total em-
ployment estimates of the labor-hoarding lag ranged from a low of 3 months
in industry 331 to a high of 15 ﬁonths in industry 351. For industries 353,
361, and 354 the estimates were 8, 9, and 12 months, respectively. For em-
ployment of production workers the estimates of t* ranged from a low of 6
months in industry 331 to a high of 17 months in industry 353. Industry 351
had the third highest estimate with 16 months. For industries 354 and 361 the
estimates were 14 and 12 months, respectively. Finally, in the case of employ-
ment of non-production workers the estimates of the labor-hoarding lag ranged
from a low of 9 months in industry 331 to a high of 17 months in industxy 353.
Industries 351 and 361 both had estimates of 15 months, while for industry 354,
the estimated labor-hoarding lag was 14 months. In only one industry, industry
351, was the estimated labor-hoarding lag for non-production workers less than
the labor-hoarding lag for production workers. For industries 353 and 354 the
estimated labor-hoarding lags were identical for both types of employment,
while for industries 331 and 361 the labor-hoarding lag for non-production

workers exceeded the labor-hoarding lag for production workers.
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We turn now to the best estimates of the production lag in the case of
the rectangular lag function. These are obtained by adding 1 to the best
estimates of q in Table 2. Doing this we find that in the case of total em-
ployment, estimates of the production lag ranged from a low of 3 months in the
case of industry 351 to a high of 15 months in the case of industries 353 and
354. Industry 331 had an estimated production lag of 11 months while for
industry 361 the estimated production lag was 13 months. 1In the case of
employmenf of production workers industry 351 again had the lowest estimated
production lag with only 4 months, followed by industries 331 and 361 both
with estimates of 12 months, and finally by industries 353 and 354 both with
estimated production lags of 13 months. In the case of employment of non-
production workers the estimated production lags ranged from a low of &
months in industry 351 to a high of 14 months in industries 331 and 361.
Industries 353 and 354 had estimates of 10 and 12 months, respectively. It
is interesting to note that in the case of industry 351, engines and turbines,
the estimates of the production lag were relatively short. This provides
some tentative evidence for rejecting the hypothesis of a capacity constraint
in that industry. For industry 354, however, the estimates ranged from a low
of 12 months for non-production workers to a high of 15 months for total em-
ployment. Although these estimates do not seem unreasonably long, it is
impossible to determine whether or not they inclﬁde the effects of a capacity
constraint.

Table 3 contains the best estimates of t¥*, Qs Oy and m for the model
with a triangular lag function. For total employment estimates of the labor-

hoarding lag, t*, ranged from a low of 3 months in industry 354 to a high of
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17 months in industries 351, 353, and 361. Industry 331 had an estimated
labor-hoarding lag of 7 months. For production workers industry 354 again
had the lowest estimate of t* with only 4 months. The highest estimates of
t* occurred in industries 351l and 361, with 16 months and 14 months, re-
spectively. Industries 331 and 353 both had estimated labor-hoarding lags
of 7 months. In the case of non-production workers industry 354 once again
had the smallest labor-hoarding lag with a surprisingly low estimate of only
one month. For the remaining industries the estimated labor-hoarding lags
for non-production workers exceeded the estimates for production workers.
Industry 361 had the highest estimate of 20 months followed by industry 351
with 19 months. Industries 331 and 353 both had estimates of 16 months.

We turn now to the best estimates of the production lag as measured
by the length of the triangular lag function. The length of the production
lag is given by twice the estimated mid-point of the triangle (i.e., 212).9
We see from Table 3 that in the case of total employment estimates of the
production lag ranged from a low of 6 months in industries 351 and 353, to a
high of 18 months in the case of industry 354. Industry 331 had the second
longest production lag with 16 months followed by industry 361 with 14 months.
For production workers estimates of the production lag ranged from a low of
10 months in industry 351, to a high of 18 months in industries 353 and 354.
Industry 331 had an estimate of 16 months followed by industry 361 with 12
months. Finally, for employment of non=-production workers estimates of the
production lag ranged from a low of 4 months in industry 353 to a high of
18 months in industry 354. Industry 351 had the second lowest estimate with
6 months followed by industry 361 with an estimate of 10 months and industry

331 with an estimate of 16 months.
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The estimates of the parameters for five of the employment series given
in Table 3 are not based on complete convergence in the estimated variance.
This was true for all three employment series for industry 354, and for total
employment and employment of non-production workers in the case of industry
331. In each of these five employment series it was found that for larxge values

of 0, the estimated minimum cost employment series underestimated observed

2
employment at the beginning of the samples for a number of months. Consequently,

as a, was increased and the sample size reduced, the sums of squared residuals
continued to decline. The estimates of the labor-hoarding lag, however, did

not appear to be very sensitive in these series to increases in ¢, beyond 9 or

2
10 months. It was decided, therefore, to stop estimation at this point with

the result that although the estimates of t* are fairly close to their maximum
likelihood estimates, the estimates of the production lag probably contain some
downward bias. .

The low estimates of the production lag for industry 351 obtained for all
three employment series lends additional support to the evidence obtained in the
case of the rectangular lag function, for rejecting the hypothesis of a capacity
constraint in that industry. For industry 354, identical production lag esti-
mates of 18 months were obtained for all three employment series. As indicated
above these estimates probably underestimate the maximum likelihood estimate of
the.production lag. It is impossible, therefore, to determine whether or not
they include any of the effects of a capacity constraint.

The final distributed lag function considered in our labor requirement
equation is the geometric lag function. The best estimates of the labor-
hoarding lag, t¥*, and the parameters, Qs az, and m, are given in Table 4.10

For total employment estimates of the labor-hoarding lag ranged from a low of

only 2 months in industry 331 to a high of 15 months in industry 353. Industry
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351 had the second highest estimate with 14 months followed by industry 354 with
12 months and industry 361 with 7 months. For employment of production workers
estimates of the labor-hoarding lag ranged from a low of 2 months in industry
353 to a high of 19 months in industry 354. Industry 351 had the second highest
estimate with 14 months followed by industries 361 and 331 with 10 months and
6 months, respectively. Finally, in the case of employment of non-production
workers the estimates of the labof-hoarding lag exceeded the estimates for
production workers in four of the five industries. For industry 351 the esti-
mated labor-hoarding lag for non-production workers was 13 months, only one
month less than the estimate for production workers. Industries 331 and 354
had the highest estimates both with 22 months, followed by industry 353 with an
estimate of 16 months, and lastly by industry 361 with an estimated labor-
hoarding lag of 9 months;

Since the geometric function is not a finite function we cannot say much
about the length of the production lag in this case. It is true, however, that

the higher the value of Q,, the longer the tail of the distribution. In this

2
respect we note from Table 4 that in seven of the fifteen employment series

estimated we obtained estimates of @, equal to or greater than .9. These

2
occurred in industries 331, 353, and 354. 1In industries 351 and 361 estimates
of o, were close to either .2 or .3. The low estimate of Q, in all three em-
ployment series for industry 351 provides additional support to the evidence
found earlier in the case of the rectangle and triangle that a capacity con-
straint did not exist in this industry during the sample period.

A summary of the estimates of t* for each employment series for each
distributed lag function is given in Table 5. It is quite evident from this

table that the estimates of the labor-hoarding lag are highly sensitive to the

specification  of the distributed lag function. In the case of total employment
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TABLE 5 - COMPARISON OF THE ESTIMATED LABOR-HOARDING LAG, t¥*
FOR EACH OF THE THREE DISTRIBUTED LAG FUNCTIONS

Industry Rectangle .Triangle Geometric

Total Employment

331 3 7 2
351 15 17 14
353 8 17 15
354 12 3 12
361 9 17 7

Production Workers

331 6 7 6
351 16 16 14
353 17 7 2
354 14 4 19
361 12 14 10

Non-Production Workers

331 9 16 22
351 15 19 13
353 17 16 16
354 14 1 22
361 15 20 9

"

Source: Tables 2, 3 and 4.
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industry 361 exhibited the greatest variability with a low estimate of 7
months obtained from the model with a geometric lag function and a high
estimate of 17 months in the case of the triangle. Industries 353 and 354
also exhibited a fairly wide range in .estimates. In the case of industry
353 estimates ranged from a low of 8 months from the rectangle to a high of
17 months from the triangle, while for industry 354 the lowest estimate of

3 months was obtained from the triangle and the highest estimate of 12 months
from the rectangle and geometric. For industry 331 estimates of t* ranged
from a low of only 2 months for the model with a geometric lag function to a
high of 7 months in the case of the model with a triangular lag function.
The least variability in the estimates of the labor-hoarding lag occurred in
industry 351. In this industry the estimates were all fairly high ranging
from a low of 14 months in the case of the geometric to a high of 17 months
in the case of the triangle.

For production workers the greatest stability in the estimates of t¥*
again occurred in industries 331 and 351. In the case of in&ustry 331 esti-
mates of 6 months were obtained from the models with rectangular and geometric
lag functions while an estimate of 7 months was obtained from the triangular
lag function. For industry 351 identical estimates of 16 months were obtained.
from the rectangle and triangle and an estimate of 14 months from the model
with a geometric function. Industry 361 ranked third in terms of least vari-
ability of estimates with a range of 10 to 14 months. Industries 353 and 354
again exhibited the most variability in estimates of t* with ranges of 2 to 17
months and 4 to 19 months, respectively.

Finally, in the case of non-production workers we find that the greatest
difference in estimates occurred in industry 354. In this industry the labor-
hoarding lag for non-production workers was estimated to be 1 month in the case

of the triangle and 22 months in the case of the geometric lag function. The
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second greatest difference occurred in industry 331 with a range of 9 to 22
months, followed by industry 361 with a range of 9 to 20 months. Industries
351 and 353 had the least variability across functions with ranges of 13 to
19 months and 16 to 17 months, respectively.

We now ask whether our estimates of t* for both the model without a
production lag and the models with a production lag provide strong enough
evidence for rejecting the hypothesis that there is no labor-hoarding (i.e.,

t*¥=0). A test of this hypothesis can be made by constructing the statistic

(41) Z=

which is asymptotically x2(1). Sg is the sum of squared residuals under the
null hypothesis that t*=0; S% is the unconstrained sum of squared residuals;
and, s2 is an estimate of the variance from the uncongtrained equation. Table
6 contains estimates of Z for each of the models. For the model without a
production lag the values of Z provide strong evidence for rejecting the hypo-
thesis that t*=0 in every equation. For the model with a production lag, in
only three of the forty-five equations estimated are the values of Z such that
we cannot reject the hypothesis of no labor-hoarding. In the case of the
rectangular lag function the hypothesis is rejected in all fifteen equationms.
For the triangular lag function the hypothesis is accepted in the case of pro-
duction workers and non-production workers in industry 354 but rejected in all
other equations. Finally, for the geometric distributed lag function the hypo-
thesis is accepted in the case of total employment in industry 331 and rejected
in all other employment series.
Since we have estimated the employment model for total employment, and

its two components employment of production workers and employment of non-

production workers, it is possible to test the hypothesis that production
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No Production Lag Assuming a Production Lag
Industry Employment Z Z_
Series Rectangle | Triangle | Geometric
331 TE 1,843 12 43 0
PW 1,081 81 39 8
NPW 1,397 33 82 560
351 TE 1,166 1,822 768 1,931
PW 707 608 243 1,341
NPW 4,539 2,241 4,352 500
353 TE 2,675 47 843 1,303
PW 1,909 18,741 1,739 127
NPW 1,991 195 543 417
354 TE 14,148 13 0 20
PW 1,061 16 0 111
NPW 1,192 25 22 6
361 TE 477 341 297 1,100
PW 418 68 259 1,031
NPW 405 363 903 1,813
TE: total employment
PW: production workers
NPW: non-production workers

The critical value of xz(l) at the .05 level is 3.84.
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workers and non-production workers are the same. This test can be made by
computing the statistic

2 2 2

SZ - (S5 482 )
_ °TE PW = °NPW
(42) Z= 7, .2
Sew T Snew

which is asymptotically x?(3) for the model without a production lag and x?(é)
for the model with a production lag.l1 S%E is the sum of squared residuals
from the total employment equation, representing the null hypothesis that pro-
duction workers and non-production workers are the same; S:w and SgPW are the
sum of square residuals from the unconstrained equations for production workers
and non-production workers; and, ssw and Sépw are estimates of the variances
from these equations.

Table 7 contains the estimates of Z for each model. 1In the case of the
model without a production lag the values of Z for four of the five industries
provide strong evidence for rejecting the hypothesis at the 5 percent significance
level. For the model with a production lag the null hypothesis is rejected in
eleven of the fifteen equations. In the case of the triangular lag function the
hypothesis is rejected in all five industries. In the case of the rectangle
it is accepted in industries 351 and 353, while in the case of the geometric
it is accepted in industries 331 and 354.

The final hypothesis that we can test is the hypothesis that the pro-
duction lag is not important in explaining the short-run demand for employment
in the durable goods industries. A test of this hypothesis can be made by

using the test statistic (41) which will be asymptotically x,2(1).12 Sg

will
now be the sum of squared residuals under the null hypothesis that there is
no production lag; Sf will be the sum of squared residuals from the uncon-

strained model which includes a production lag; and 32, is the estimate of the

variance adjusted for degrees of freedom from the unconstrained equation.
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TABLE 7 - TEST OF THE NULL HYPOTHESIS THAT PRODUCTION WORKERS
AND NON-PRODUCTION WORKERS ARE THE SAME

Industry No Production Lag Assuming a Production Lag
z yA
Rectangle Triangle Geometric
331 0 58 35 3
351 45 4 27 37
353 26 6 73 100
354 39 42 65 3
361 86 17 18 72

The critical values of x2(3) and x?(4) at the .05 significance level are 7.8l
and 9.49, respectively.

Table 8 contains the estimates of the labor-hoarding lags for the model without
a production lag and the best estimates of the labor-hoarding lags for the model -
with a production lag, as well as the estimated values of the test statistic.
The values of Z provide strong evidence for rejecting the null hypothesis in
fourteen of the fifteen equations. Only for total employment in industry 353

is the hypothesis not rejected. In this one equation it would probably be
better to suspend judgement rather than accept the null hypothesis, until
further testing of the model could be made. This is particularly true since

for production workers and non-production workers in this industry strong
evidence was found for rejecting the null hypothesis. Finally, in comparing

the estimates of t* for the two models, we see that in twelve of the fifteen
equations, the best estimates of the labor-hoarding lag from the model with a
production lag were substantially larger than the model wiﬁhout a production
lag. This is not surprising since the new orders series displayed substantially

larger fluctuations than the shipments series. At the same time by using a
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weighted average of part new orders, month to month fluctuations would tend to
be smoothed out, and longer fluctuations would be given a greater relative

weight in the estimation.

Iv. SUMMARY AND CONCLUSIONS

The purpose of this paper has been to construct a model of short-run
employment behavior in durable goods industries based on a theory of labor-
hoarding. This theory operates on the assumption that there are important
costs associated with changing the labor force. Given these labor force ad-
justment costs an optimal or minimum cost employment policy for a firm may be
one in which the firm employs more labor during periods of declining output
than is required to produce the desired level of output. Using the necessary
and sufficient conditions for cost minimization, a programming algorithm was
constructed which permitted us to obtain estimates of the maximum length of
time it would be profitable for a firm to hoard idle workers, referred to as
the labor-hoarding lag. Two models were constructed, the first model assumed
that there was no production lag in durable goods industries, while the second
model allowed for a production lag in the determination of required employment.

The results from both models provide strong evidence in support of the
hypothesis that durable goods industries do hoard labor. Estimates of the
labor-hoarding lag ranged from a low of 5 months to a high of 14 months in the
case of the first model, and from a low of 2 months to a high of 22 months in
the case of the second model. In addition, the performance of the second model
in explaining the short-run behavior of employment in these industries was
definitely superior to that of the first model. It was found, however, that
the estimates of the labor-hoarding lag were fairly sensitive to the specifica-

tion of the lag function.
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The importance of the overall results of this study are two-fold. First,
the results of this study clearly support the intuition of earlier investigators
that firms do hoard labor. Such a phenomena provides one explanation for the
contradictory results found by other investigators in empirical employment
studies, regarding output-employment elasticities. If firms do hoard idle
workers then observed employment will not be a good measure of the true pro-
duction function input. Second, and perhaps more important, a willingness on
the part of firms to hoard labor will have important consequences on the ability
of monetary and fiscal policies to affect economic activity. Authorities in
attempting to contract demand, output and employment must cope not only with
a fairly long production lag but, on the basis of the evidence found in this
paper, must also cope with a willingness by firms to hoard idle workers for

periods as long as eighteen months.
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FOOTNOTES

The author is Assistant Professor at the University of Western
Ontario. I am indebted to Professor Robert E. Hall for many helpful
comments and criticisms, and to Stephen B. Browne for invaluable research
assistance.

Hiring costs are usually defined as including recruiting costs,
orientation costs, recalling costs, training costs, and so forth. Lay-
off costs will include severance pay, that part of part training costs
that will not be recouped if the worker is laid off, and also unobservable
costs such as bad worker morale, bad community relations, and union conflicts.

We could have included a discount rate in our cost function. Assuming
a constant discount rate, r, total discounted labor cost is

) + . g
.- g vl T-1 he[L L ;] T £[L, ;L]

t+z +
t=1 (1+r)

t=1  (1+r)° e=1  (14+n)°

The inclusion of the discount rate does not affect the derivation of the
labor-hoarding lag t*. We would now have for any t that,

(D) /)t | ntf
w/(1+r)t hd

= t*

That is to say, when considering the ratio of two nominal values discounted
at the same rate we need only consider the ratio of the two nominal values.

The Jorgenson-Nadiri Siebert investment model assumes a Cobb-Douglas
production function and includes a price for capital services in the invest-
ment equation.

For the industry comparisons, the model referred to is Eisner's
investment equation which includes output and profits, while for the company
comparisons the model referred to is a pure accelerator including only output.

The possible exceptions are the blast furnaces and steel mills industry
and the electrical distribution equipment industry.

This problem has arisen in other empirical work dealing with the
distributed lag relationship between shipments and new orders. A number of
investigators in this area attempted to allow for nonstationarity by using
an estimation method known as variable weighted distributed lags [18], [21].
This approach to the problem is somewhat ad hoc in that models are not
usually based on a convincing underlying behavioral hypothesis. A second
alternative is to allow for varying capacity utilization through the
specification of production initiations. For example, we might let
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Xe = Min(Ctth) where Ct is capacity and Qt the queue of unfilled orders

for which production has not been initiated at the beginning of period t.

This model implies a switching between two functions; when there is excess
capacity production initiations are equal to Q_; when there is a capacity

constraint production initiations are then equal to Ct.

The name of this industry classification is misleading. Unlike the
other industries, the name of industry 331 does not refer to the output but
to the means used to produce output. The output of this industry consists
of ferrous and non-ferrous alloy and finished and semi-finished steel
products.

This procedure for selecting initial and terminal months does not
eliminate completely the possibility of error. If we choose as our beginning
month, one in which shipments or B (Z)Nt were declining, it might be the case

that they were also declining in previous months. Also if we choose as our
terminal month one in which shipments or BL(Z)Nt were rising, then it is

quite possible that they continued to rise after that period. The result
in both cases would be that our minimum cost employment series would under-
estimate the actual employment series during these months.

The triangular lag function given in (38) is constrained to zero at
both ends of the distribution (i.e., for T=0 and v=232,5 =0) . The result

is that in estimation, new orders in period t and period t—Zu do not in-
fluence the amount of labor required in period t.

In estimation it was found that the estimates of the parameters were
not very sensitive to the choice of L0 in the vicinity of the beginning value

of the observed employment series. For this reason Lo was fixed at a value

very close to the beginning value of the observed employment series.

For the model with a production lag we are assuming that there are 4
parameters identical (i.e., @,, q, t*, and m in the case of the triangle;
Qs az, t*, and m in the case of the triangle; and Qs Qys t*, and m in the

case of the geometric lag function.) For the model without a production
lag three parameters are assumed equal @, m, and t¥.

I1f the production lag is not important, then this is equivalent to
saying that q=0 in the case of the rectangle; that a.=0 in the case of the

triangle; and, that a2=0 in the case of the geometric function.



[¢]

42-
REFERENCES

[l] A. Ando, E. C. Brown, J. Kareken, and R. Solow, '"Lags in Fiscal and
Monetary Policy," in E. C. Brown, et. al., Stabilization Policies,
Englewood Cliffs, 1963.

[2] R. J. Ball and B. A. Sf. Cyr, "Short-run Employment Functions in
British Manufacturing,”" Rev. Econ. Stud., July 1966, 33, 179-207.

[3]1 Charles Bischoff, "The Lag Between Orders and Production of Machinery
and Equipment: A re-examination of the Kareken-Solow Results," Working
Paper No. 138, CRMS-IBER, University of California, Berkeley, July 1968.

[4] F. Brechling, "The Relationship between Output and Employment in British
Manufacturing Industries," Rev. Econ. Stud., July 1965, 32, 187-216.

[5] and Peter O'Brien, "Short-Run Employment Functions in Manu-
facturing Industries: An International Comparison," Rev. Econ. Stud.,
August 1967, 49, 277-297.

[6] R. C. Fair, Short-run Demand for Workers and Hours, North Holland Publishing
Co., Amsterdam, 1969.

[7] R. E. Hall, "Transform Methods for the Study of Distributed Lags," Working
Paper No. 132, CRMS-IBER, University of California, Berkeley, June 1968.

[8] D. W. Jorgenson and M. I. Nadiri, "A Comparison of Alternative Econometric
Models of Quarterly Investment Behavior,'" Working Paper No. 55, CRMS-IBER,
University of California, Berkeley, November 1967.

[9] and C. D. Siebert, "A Comparison of Alternative Theories of
Corporate Investment Behavior," Am. Econ. Rev., September 1968, 58, 68l-712.

[10] E. Kuh, "Income Distribution and Employment over the Business Cycle," in

Duesenberry, et. al., eds., Brookings Quarterly Econometric Model of the
United States Economy, (Chicago: Rand McNally, 1965), 221-278.

[11] , "Profits, Profit Markups and Productivity," Study Paper No. 15 of
Joint Economic Committee Study of Employment, Growth and Price Levels,
January 1960.

[12] Frank de Leeuw, "A Model of Financial Behavior," chapter 13 in J. S. .
Duesenberry, G. Fromm, L. R. Klein, and E. Kuh, eds., Brookings Quarterly
Econometric Model of the United States Economy, (Chicago: Rand McNally,
1965) , 465-530.

[13] M. I. Nadiri, "The Effects of Relative Prices and Capacity on the Demand
for Labor in the U.S. Manufacturing Sector," Rev. Econ. Stud., July 1968,
35, 273-288.

[14] and S. Rosen, "Interrelated Factor Demand Equations,"
Am. Econ. Rev., September 1969, 59, 457-471.




<

‘&)

[15]

[16]

(17}

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

43-

Marc Nerlove, '"Notes on the Production and Derived Demand Relations
Included in Macro-Econometric Models," Int. Econ. Rev., June 1967, 8,
223-242.

W. Y. 0i, "Labor as a Quasi-Fixed Factor," J. Polit. Econ., 70,
538-555.

J. Popkin, "The Relationship Between New Orders and Shipments: An
Analysis of Machinery and Equipment Industries," Survey of Current
Business, 45, 24-32.

D. J. Smyth and N. J. Ireland, "Short-Term Employment Functions in
Australian Manufacturing,'" Rev. Econ. Stud., November 1967, 49,
537-544.

R. Solow, "Presidential Address to Econometric Society," mimeo, 1964.

P. A. Tinsley, "An Application of Variable Weighted Distributed Lags,"
J. Amer. Stat. Assoc., 63, 1277-1289.

U.S. Department of Commerce, Bureau of Census, Manufacturers' Shipments,
Inventories, and New Orders: 1961-1968, Series M3-1l.1l.

-, Manufacturers' Shipments,
Inventories, and New Orders: 1947-1963, Revised Series M3-l.

U.S. Department of Labor, Bureau of Labor Statistics, Employment and
Earnings Statistics for the United States, 1909-1968, Bulletin No. 1312-6.

» Wholesale Prices
and Price Indices, Bulletin Nos. 1376, 1382, 1411, 1513.

, Wholesale Index

Rebasing Factors, March 1962.



	Western University
	Scholarship@Western
	1971

	Labor-Hoarding in Durable Goods Industries
	C. Scott Clark
	Citation of this paper:


	tmp.1453576285.pdf.akSG6

