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Why is it a common occurrence for the
capital stock of factories to be utilized much
less than twenty-four hours a day? A fre-
quent answer to this question is, “insuffici-
ent demand.” But if the entrepreneur had
correctly anticipated demand, he could have
built a smaller factory and have utilized it
more intensively. Under conditions of per-
fect foresight, then, appeal must be made to
other factors to explain low levels of capital
utilization.

The pioneering analysis of this subject has
been conducted by Marris [7]. Briefly,
Marris found that the extra wages which
must be paid to night workers were not
sufficient to render night-time operation un-
profitable; he discussed many factors which
discourage shift-work, but in his view the
most important was what he called “output
restraint.” He assumed that, as a result of
an imperfectly competitive market, the level
of output which the firm could sell was
given and the decision to utilize capital in-
tensively involved constructing a smaller
factory, with attendant diseconomies of
small-scale operation. Finally, among the
factors which influence the existence of
shift-work positively, Marris stresses the
capital intensity of the production process
under single-shift operation. Winston has
forcefully brought the subject of capital
utilization to the attention of economists
[13-17]. (See also Georgescu-Roegen [5].)
In so doing he has shown the important role
of the elasticity of substitution in determin-
ing the effect of factor prices on shift-work
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under the assumption of a CES production
function and constant returns to scale [14;
17].

This paper integrates the work of Marris
and Winston in two important ways. First,
by formulating the CES case in a different
manner from Winston, we are able to analyze
the impact of capital intensity on the profit-
ability of shift-work separately from that of
the elasticity of substitution; and, we are
also able to assess the joint impact of these
two factors on the profitability of shift-work.
Secondly, by introducing ecconomies of
scale into a CES framework, we formulate a
model which incorporates as special cases
the contributions of both Winston and
Marris under the assumption of output re-
straint. In addition, we generalize their
studies by analyzing the case in which the
rigid output constraint is replaced by a
demand curve facing the firm. This general-
ization is of importance for a proper evalua-
tion of the policy implications of increased
capital utilization. For, shift-work is in-
creasingly mentioned in connection with the
employment problem in less developed
countries; but, the effects of shift-work on
employment depend critically on the nature
of the output restraint. If it is rigid, we find
that in a wide variety of cases total employ-
ment will actually fall under shift-work.
When the firm faces a demand curve, on
the other hand, it may or may not choose to
produce a larger level of output under shift-
work than under single-shift operation. If it
does, total employment will usually increase,
with the magnitude of the increase depend-
ing on demand conditions and on the nature
of economies of scale. Finally, we correct an
error in Winston’s analysis which obscures
one of the most interesting consequences of
increased utilization: contrary to his analysis
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(14}, and to Marris’ assertion [7], we find
that it is quite possible for capital productiv-
ity to decline when utilization increases.

The next section sets forth our general
model of the capital utilization decision
under the assumption of a fixed output. The
second develops the conditions for profitable
shift-work and the implications of shift-work
for employment and for capital productivity
under a CES production function. In the
third section the firm is free to choose the
most profitable level of output, which need
not be the same under the two systems.
Finally, a conclusion highlights the main
results of the paper and suggests some of its
implications.

I. THE BASIC MODEL

Let us assume that an entrepreneur who
wants to maximize profits is constrained to
produce in a single-product plant a given
level of output which is to be sold at a known
price. He must select a system of operation,
i.e., a single-shift or double-shift system;}
and construct the appropriate plant in such
a way as to minimize costs, and hence maxi-
mize profits, for the given level of output.

More precisely, the entrepreneur will
choose the system with the highest profit
function. Under the first system this profit
function will be

7 = pf(SY, [}) — rK' — w,l}
and under the second it will be
w2 = p[f(S?, L) + f(S?, LA)]

- rk? — W1L12 - WL22
’

where 7 represents daily profits, f is the pro-
duction function, X is the stock of capital, S
is the daily flow of capital services, L is the
daily flow of labor services, r is the cost of
owning the capital stock for one day, and w
is the price of a unit of labor services.
Throughout, a superscript will be used to
identify the system of operations and the

1 The analysis is easily extended to three- or four-

shift systems, but the economic reasoning is the same
and therefore these cases will be ignored.
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subscript will be used to identify the shift.
We assume both marginal products are de-
clining but positive. The production func-
tions are assumed to be the same on both
shifts.

The price of capital, r, equals P.(i + d)
where P, is the price of a standard machine,
i is the daily interest rate and d is the rate of
depreciation. Implicitly, we have assumed
that depreciation is independent of the rate
of utilization by allowing the daily cost of
owning a unit of capital to be the same under
the two systems. Capital services are assumed
to be related to the capital stock in the fol-
lowing manner: S$! = UK, § = U?K?,
S? = U2K? and U + U2 = U2 With the
assumptions made thus far, i.e., a given level
of output, no demand uncertainty, and no
depreciation in use, it will always be optimal
for the firm to produce within a shift at the
maximum rate of capital utilization (the
“full capacity” rate [16; 5]). Therefore, Uit =
U = U = U* and U? = 2U*. The capital
utilization rate is assumed to include a con-
stant which defines the period of analysis
and the maintenance requirements.

Our analysis will neglect certain other
relevant factors which have been discussed by
Marris and Winston and on which we have
nothing to add. We shall merely note their
implications here. The existence of economies
in prime costs due to continuous processing
tends to increase the profitability of shift-
work in some industries and in certain cases
such as petroleum refining, steel, and glass
becomes a dominant factor in the decision.
On the other hand, entrepreneurs may have
strong preferences against the inconven-
iences of shift-work and may thus be willing
to forego some profits to avoid them. In
addition, there may be “indivisibilities in
management” (apart from economies of
scale in production) which require a certain
establishment size for an efficient division of
labor within the management group when
shifts are employed [7, 92-94]. Finally, de-
preciation in use would discourage both
capital and capacity utilization by making
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the price of capital higher as utilization in-
creases.

Returning to the original problem, we can
state the choice of the system of operations
in terms of the condition for the higher
profitability of the two-shift system, i.e.,
x> 7

rKL 4+ wilt > rK? -+ wils? -+ woLy

While we shall allow for capital-labor sub-
stitution before the plant is built (ex ante
substitution), we shall assume that there is no
substitutability ex post.? This, together with
our full capacity assumption, implies that
under the double-shift system the same
amount of labor will be used on the two
shifts: L,®> = L% Dividing both sides by
costs under system 1 and defining a = wy/w:
— 1 as the percentage shift differential, we
obtain after manipulation:

rK? L [ rK! ]”‘
1>[——W1L12+(2+a):|—i4_1 m‘i‘l ’
where the R.H.S. is the ratio of costs under
system 2 to those under system 1. Defining 8
as the share of capital costs in combined

labor and capital costs under system 1, we
have:

I‘K2 L12
1>&m?+@+@]ﬁa—w.u>

We shall refer to (1) as the shift-work profita-
bility condition and to its R.H.S. as the
“cost ratio.” The lower the cost ratio, the
greater the gains (or the smaller the losses)
from shift-work.

Il. THE CES CASE

We shall assume that the ex anfe produc-
tion function is of the CES form. Production
under system 1 is given by

Xt = Pl + (1 — DI
and under system 2 by
X = 5S>

+ (1 — 3)(L2)y*]flr = X2,

2 The case in which the ex post elasticity of substi-
tution is equal to the ex ante has been treated by
Baily [1, 31-33].

Cost minimization implies:

Kl a Wl’ %) o—1
w5 e
X 5w " ey

L&/ = 271789(2 4+ a)o!

+ (1 — g)Jra—o,
Hence the profitability condition becomes:
1 > 27982 + a)[6(2 + )

+ (1 — oo,

It would be more conventional to write the
condition (5) using é and w/r instead of the
share 6. (This is what Winston does {14].)
There are several advantages, however, to
writing the profitability condition and other
conditions (see below) in terms of 4. In the
first place, 6 is not calculable from observed
data but must be estimated; 6, on the other
hand, is either observable or can readily be
calculated.® Secondly, both w/r and & are
arbitrary; they depend on the units in which
the inputs are measured, and in the case of
machines the units are arbitrary. Thirdly,
we would like to be able to ascertain the
impact of a change in the elasticity of sub-
stitution on the profitability of shift-work;
but the question arises as to what should be
held constant when ¢ is changed. It seems to
us to be appropriate to hold the capital-labor
ratio constant at the initial set of factor
prices when ¢ is changed. (There is con-
siderable uncertainty about the values of ¢ in
the real world; new information on these
values would not be accompanied by any
change in our estimates of observed capital-
labor ratios at existing factor prices.) Our
procedure accomplishes this by holding 8
constant as ¢ is changed in equation (5). On
the other hand, the alternative procedure
would lead us to consider a change in ¢ with
5 constant. As can be seen from equation (3),

|

(2)

)

2 For firms working one shift § is observable. For
firms working more than one shift, it is necessary to
assume a value of ¢ in order to calculate 6 (see Betan-
court and Clague [4]).
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this implies a change in the capital-labor
ratio at the initial set of factor prices. Thus,
in order to separate the role of capital in-
tensity from that of the elasticity of substitu-
tion, it is desirable to write the condition
terms of 6.

The effect on the cost ratio of changes in
parameter values can be derived by differ-
entiating equation (5) with respect to the
various parameters. The derivatives with
respect to « and B can easily be shown to be
positive, and the derivative with respect to 8
is clearly negative." The sign of the deriva-
tive with respect to o is not obvious from the
expression given in footnote 4, but experi-
mentation with a variety of numerical values
revealed that it was always negative. Rather
than present the results of those calcula-
tions here, we present the value of the cost
ratio itself under various parameter values
(see Table I). It can be seen there that the
cost ratio falls as ¢ increases, with the other
parameters held constant.

The signs of the partial derivatives are
consistent with economic reasoning. The
higher is , the less profitable is shift-work,
since night-time labor is more expensive.
Economies of scale (8 > 1) discourage shift-
work, in the presence of the output restraint,
by requiring the construction of a smaller
plant under double-shift operation. The
higher is o (holding constant the capital
share), the more profitable is shift-work.

s Denote 8(2 + a)** + (1 — 6) by B and note that
B > 0. Taking the log of the RHS of (5) and partially
differentiating yields:

alogCR=logZ>0
as g
élog CR 1—9 S
da T (24 &)B
-1
alogCR=(2+a) 1<0
a0 - «B
dlog CR 1 {9(2+a)"110g 24 a
do T 1-—¢ B

1
+10gB(1—_‘;72.
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This phenomenon can be explained intui-
tively as follows. If wear-and-tear deprecia-
tion is ignored,’ the price of capital services
per hour is only half as great under system 2
as under system 1, The average price of labor
is also more expensive under system 2. If
possible, then, the entrepreneur will select a
higher instantaneous capital-labor ratio
under system 2 than system 1, as can be seen
in comparing equations (2) and (3). The
higher the elasticity of substitution, the more
the entrepreneur will be able to take ad-
vantage of cheaper capital services and avoid
the use of more expensive labor, and the
greater will be the profitability of shift-
work.? Finally, the higher is 6, the capital
share, the more profitable is shift-work,
since shift-work involves paying more for a
unit of labor and less for a unit of capital
services.

Policymakers frequently wish to know the
effect of changes in factor prices on the
profitability of shift-work. The formulation
of the condition in terms of § makes it easy
to calculate these effects: it is necessary only
to translate factor price changes into changes
in 8; as is well-known, this depends on ¢. If
o < 1, a fall in the wage rate leads to a rise
in 0 and increased profitability of shift-work.
If ¢ > 1, a fall in the wage rate leads to the
opposite result.

Shift-work has been suggested as a means
of ameliorating the employment problem in
less developed countries. The longrun effects
of shift-work on employment per unit of
output can be calculated from equation (4).
If L2/L! is less than 14, less total employ-
ment will be required (for given output) on
system 2 than on system 1. Li/L' will be
smaller, the smaller is 8, the larger is «, the

sIf wear-and-tear depreciation is incorporated
into the analysis, the substitution phenomenon de-
scribed in this paragraph will be smaller but will not
disappear.

¢ As a general proposition, whenever a firm ex-
periences a decline in the price of a factor, the firm’s
profits will go up by more if that factor can be more
readily substituted for other factors.

Copyright © 2001 All Rights Reserved



AN ECONOMIC ANALYSIS

OF CAFITAL UTILIZATION 73

TABLE I
Cost RATIO! AND EMPLOYMENT RATIO?
e g =0 o= .4 g=1.0 g=1.4
2,1 2,1 121t 2l
cRe W/ cr. WY R MY cr. M/t
I. g = 1.,
o= ,5
.1 1.175  ,500 1.163 .486 1.141 .456 1.122  .430
.2 1,100 ,500 1.079 .471 1.041 .416 1.011 ,372
.3 1.025 .500 .997 457 .950 ,380 .915  .323
4,950  .500 L918  .442 .866 347 .832  .283
II. 8 = 1.15,
o= ,5
1 1.286 ,548 1,273 .532  1.249 .499 1.228 470
.2 1,204 .548 1.181 .516 1.139 .456 1.107 407
.3 1.122 ,S48 1,091 .500 1.039 .416 1.002 .354
.4 1,040 ,548 1.005 .484 .948 379 .910  .309
IIT. 8 = 1.15,
o= ,2
.1 1,138 .548 1.129 .534 1,113 .506 1.099  ,482
.2 1.073 .548 1.057 .519 1.028 467 1.007  .426
.3 1.007 .548 .986 .505 .951 432 .925  .378
L4 .941 548 L917  L491 .878 .399 ,.852  .337

4

parameter, 9 the share of capital costs in combined labo
elasticity of substitution between labor and capital.
% The ratio of employment in the first shift of system

larger is 0, and the smaller is ¢.” Illustrative
values of L?/L! are shown in Table I, which
shows that when shift-work is profitable,
L+*/L"is less than 14 in a rather wide variety
of cases.® Of course, these calculations under-

" Taking logs of (4) and partially differentiating
yields (where B is defined in footnote 4):

alog Ly/I1 1
_°g_L=—10g2>0

a8 8
3 log L2/11 o
Q08 M Ter 72

-~ 50@+a7<0
9 log L2/ 1

- —12 + o)

a8 l—aB[( te <o
8 log L2/ 1 +
og Le/L! @ 302+ )7 tiog 2 + o)

Jo I—O'B

+ log B(1 — o)2,

The sign of the last expression was always found to be
negative under a wide variety of parameter values.

8 A slightly paradoxical result emerging from our
model is that a decline in the night-shift premium,

Copyright © 2001

"I The ratio of costs under system 2 to those under system 1 (C.R.). « is the shift differential, 8 is the scale

r and capital costs on the first shift, and ¢ is the ex ante

2 to employment in the first shift of system 1. (L;2/LY).

state the effects of shift-work on total em-
ployment because they do not allow for the
tendency of firms working shifts to choose a
larger volume of output. This topic is taken
up in the next section. Nevertheless, since
firms are frequently not in a position to
increase output substantially, the figures in
Table I suggest that shift-work may not
have the effects on employment which it is
widely hoped and believed to have. Finally,
shift-work has usually been thought of as a
means of saving capital.’ But our model
shows that shift-work may actually reduce

sufficient to tip the balance in favor of shift-work, may
actually cause employment per unit of output to fall.
For example, comparing parts II and III of Table 1
foro = 4,0 = 4,ifa = .5 total employment equals
L1; but, ife = .2, total employment equals .982L1,

°In his opening paragraph, Marris {7, 1] states,
“shift-work attracts attention, and is widely practised
because it in many cases reduces prime costs, and in
all cases saves capital.”
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capital productivity, or the output per unit
of capital stock. Combining (2), (3), and (4)
results in:

K/K' = (2 + a)(Ls?/1)
= (2 + a)27VF
02 + @)1 4+ (1 — oJr1d-2,

Since output is assumed equal for the two
systems, a decline in capital productivity
under shift-work merely requires the R.H.S.
of (6) to exceed 1. This will come about if
¢ and 8 are “large enough.” A large ¢ in-
creases the capital intensity of the technique
selected under system 2, and a large 8 de-
creases capital productivity through dis-
economies of small-scale operation. This can
be more easily seen by rewriting (6) in terms
of the cost ratio as follows:

K/K' = (C.R)*20—",

(6)

M

This expression also reveals that a ¢ > 11s
a necessary (but not sufficient) condition for
shift-work to be profitable and at the same
time reduce capital productivity."’

. ALLOWING OUTPUT TO DIFFER UNDER THE
TWO SYSTEMS

We now assume that the firm faces a
downward-sloping demand curve. If the
marginal cost curves under system 1 and
system 2 do not coincide, the firm will nor-
mally select different outputs under the two
systems. To avoid confusion, let us empha-
size the differences in the assumptions em-
ploved in different sections of this paper.
In Sections I and II, the firm’s output and
price were both outside the firm’s control

10 Winston’s [14] equation (10) and Table III imply
that capital productivity is always higher under shift-

work. This is due to an error in his analysis. Correctly
formulated, his equation (10) should read:

QR _ [ 1+ R T
QK |1+ @BRA :

If this equation is used, his results are quite consistent

with ours. Parenthetically, the possibility that shift-

work may lower capital productivity is contained in

[12, Table 1], but the authors did not mention it.
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and were constant over time. These assump-
tions were adopted for simplicity, but for the
sake of a convenient label we might call this
the case of oligopoly with stable demand.
The case of pure competition with stable
price can be analyzed with the model de-
veloped in Sections I and II, provided 8 is
set equal to one. In the present section the
firm is treated as a monopolist, with some
control over both its output and its price.
This is monopoly with stable demand.* We
shall assume that the demand curve is
smooth, but this does not rule out the pos-
sibility that the curve incorporates the price
responses of the competition. If, however,
the demand curve is kinked, and the margi-
nal-cost curves intersect in such a way that
output would be the same under the two
systems, then the model of Sections I and 11
can be applied without modification.

Under monopoly with stable demand, the
condition for choosing system 2 over system
1, #2 > «!, becomes:

TR(X;) — TC*(X;) > TR(Xy) — TC'(Xy),

where X3, X, = the optimal levels of output

under systems 1 and 2
total costs under systems 1
and 2
TR = total revenue.
Rewriting this conditions, we get:

TR(X)) _ TR(X») — TC'(X»)
TC(X1) TC (X))

1]n an earlier version of the paper we investigated
the anticipated unstable demand case under perfect
competition and oligopoly. Since the analysis was
somewhat informal, we merely report the main con-
clusion emerging from our discussion: under both
oligopoly and perfect competition, the impact of
anticipated demand fluctuations on the average
amount of time the factory was designed to work
shifts depended on the outcome of the stable demand
case; if the factory was designed to work shifts under
stable demand, the introduction of anticipated fluctu-
ations in demand reduced the average amount of time
during which the factory would be designed to operate
shifts; if the factory was designed to work a single
shift under stable demand, then anticipated demand
fluctuations would increase the average amount of
time during which the factory would be designed to
operate shifts.

TC, TC?

1> (8)
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The R.H.S. of (8) will be called the “value of
condition.”

In discussing the optimal level of output
under the two systems, it is convenient to
define economies of scale in a different way.
Let us define the “cost elasticity,” denoted
by ¢, as the percentage increase in average
costs when output under single-shift opera-
tion is cut in half. This elasticity arises nat-
urally in a discussion of shifting from one
shift to two when output is fixed. Rather than
deriving our previous results with this con-
cept, we shall simply show the relationship
between ¢ and g, the scale parameter used
earlier. Letting ¢ and 8 be functions of output
(X), and letting AC and TC stand for aver-
age and total costs,?

_AC(X/2) _ 2TCX)2)
L+ ¢W) ==y = 7e

— 21-1 8

To find the value of condition in (8), we must
develop an expression for the relationship of
TC*(X) to TC'(X). This relationship clearly
depends on «, 8, § and the form of the pro-
duction function. In the case of the CES
production function, we can rewrite equa-
tion (5) as:

TC*(X,)
TC (X))

_Q2+a) [0(2 + o) (1 — g
2178 .

Replacing 8 by an expression in ¢, we get:
TC*(X1)
TCYXy)
2+ +a) T+ (140170
2
11+ 6(X)] = CH1 + ¢(Xy)],

where C* represents the value of the cost
ratio when economies of scale are absent and
BX = [pTCX)Pand X/2 = {u TC(X/2))? where

 is a constant which depends on factor prices. Hence
TC(X/2)/TC(X) = 2-18,

is independent of X. The following expres-
sion then holds for all values of X:

TCY(X) = CH1 + ¢(X)ITCY(X).
Hence,
MC(X) = CH[1 + ¢(X)]
-MCHX) + TCY(X)¢' (X)), (9)

where MC' and MC? refer to marginal costs
under systems 1 and 2,

In order to illustrate the model, we shall
assume that when constrained to produce at
output X, the firm is indifferent between
working and not working shifts. This im-
plies that C*=1/[1 4+ ¢(X,)]. To calculate
the value of condition when the output con-
straint takes the form of a demand curve,
we need to make assumptions about the
functional form of the demand curve and the
cost curves. We assume the demand curve
has a constant elasticity e. Average costs are
assumed to decline smoothly and asymptoti-
cally toward 1 according to the function

ACY(X) = AX + 1;
A>0, 0<f<.
ACHX) = A(X/2)~ + 1.

(10)

An important parameter in the analysis is
¢'(X), or the rate at which the cost elasticity
declines as output expands. Referring back to
(9), we can see there that if ¢’(X) = 0, which
is to say that ¢(X) is a constant, and if
C*[1 + ¢(X)] = 1, then the marginal costs
of system 1 and 2 coincide, so that the level
of output selected would be identical under
the two systems. It follows that the replace-
ment of a rigid demand constraint by a
demand curve would have no effect on the
choice of systems."

Is it possible that ¢ (X) is constant? The .6

1 This result also follows from the analysis in the
previous sections; i.e., as long as the scale parameter
(8) is not made a function of the level of output, the
profitability condition is independent of the level of
output (see equation (5)). Therefore, if one system of

operations is more profitable at one level of output, it
will also be more profitable at all levels of output.
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rule, employed by engineers to estimate costs,
implies that it is. Some studies of cost func-
tions find the data broadly consistent with
that hypothesis, especially in “process in-
dustries” such as chemicals, glass and steel
[6; 8]. The constancy of ¢, however, implies
that average costs asymptotically approach
zero as output expands. Studies based on
accounting and interview data typically find
that costs level out at some point [2; 3; 9;
10; 11].

Without attempting to resolve this empiri-
cal question, we shall analyze the case in
which ¢(X) does decline with output. Since
¢'(X,) depends on the level of X;, which is
arbitrary, we shall work with the elasticity
of ¢, or

MX) = ¢’ (X)[X/(X)].

When output is increased by 1 percent, ¢
changes by \ percent. It can be shown, if
equation (10) is assumed to hold, that
0> MXy) > —1

We select values of ¢(X1), M(X1) and e.
For an arbitrary X; we can then solve for the
parameters of the cost function and the
demand function. We then locate X; and
calculate the value of condition in (8).

Since A must lie between O and 1, we have
selected values of —.67, —.33 and O for this
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important parameter. We selected .285,
.1667, and .1 for ¢. The elasticity of demand
e was set at 2 and at its maximum value was
consistent with the firm’s breaking even
under system 1. Table II shows the results.

Several interesting points emerge from
Table II. When economies of scale are en-
tirely absent, condition takes on the value C*.
This situation would obtain in a perfectly
competitive industry, since all firms would
expand, at least until they reached their
minimum optimal size. This, then, is the
incentive to utilize capital when the output
constraint is ignored. This corresponds to
the economic analysis of shift-work prior to
Marris. If the output constraint takes the
form of a rigid limit, the value of condition
becomes 1. This represents Marris’ (and
Winston’s) analysis. When the rigid output
constraint is replaced by a smooth demand
curve, condition takes on the values shown in
the rest of the table.

Always assuming that when constrained to
output X;, the firm is indifferent between
working and not working shifts, the table
shows, as expected, that the larger the elastic-
ity of demand, the greater the incentive to
work shifts. Given e, the larger the absolute
value of A(X;) (the closer it is to —1), the
stronger the inducement to work shifts.

TABLE II

VALUE OF CONDITION WHEN

Qutput

OUTPUT IS ALLOWED TO VARY
Per cent increase

[ (Xl) A (Xl) Cc* Fixed e=2 e=emax emaxt/ in outputz-/
.285 -.67 .778 1.00 .958 915 3.4 138
.285 -.33 .778 1.00 .984 .958 3.1 131
.285 0 .778 1.00 1.00 1.00 T.a. 0
.1667 -.67 .857 1.00 .986 .939 5.7 145
.1667 -.33 .857 1.00 .996 .970 5.0 136
.1667 0 .857 1.00 1.00 1.00 n.a. 0
.100 ~.67 .909 1.00 .995 .959 9.2 148
.100 ~.33 .909 1.00 .999 .979 8.2 138
.100 0 .909 1.00 1.00 1.00 ned. 0

1 emax = maximum value of e = AC(X1)/[AC(X) — MC(X)]
2 Per cent by which output under system 2 exceeds output under system 1 when e = emax.
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Finally, given e and \(Xy), the greater the
value of ¢(X1), the greater the incentive to
utilize capital.

The increases in output resulting from the
decision to work shifts are relevant to the
calculation of the employment effects of
shift-work. The percentage increase in output
need only be multiplied by the ratio of em-
ployment per unit of output under system 2
to that under system 1 to find the percentage
increase in employment resulting from shift-
work. Table II shows the percentage increase
in output when e = emax. These increases
are quite large. As a qualification of these
results it should be pointed out that the
percentage increase in output is sensitive to
the assumption of a constant-elasticity
demand curve; a straight-line demand curve
would generate a much smaller increase.

IV. CONCLUSIONS AND IMPLICATIONS

This paper has presented a neoclassical
analysis of the firm’s decision to utilize its
capital stock. In line with previous work, we
found the profitability of intensive capital
utilization to be related positively to the
capital share and negatively to the shift
differential and to economies of scale. In
going beyond previous work, we showed that
a high elasticity of substitution favors shift-
work by enabling the firm to fake full ad-
vantage of the cheaper capital and more ex-
pensive labor which shift-work implies.
Moreover, we also showed how these four
f,actors interact in determining the profitabil-
;f:‘lty of shift-work. The replacement of Marris’
rigid output restraint by a demand curve
facing the firm increased modestly the profit-
ability of shift-work (under most circum-
stances). There is a tendency for firms decid-
ing to work shifts to produce a larger level of
output. (Recall that the level of output is
determined before the plant is built; we are
not talking about adding an extra shift to an
existing plant.) The magnitude of the in-
crease in output under shift-work depends
in part on the nature of economies of scale,
in particular how rapidly they diminish as
output expands. A rapid diminution of
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economies of scale (A close to —1) is con-
ducive to a larger increase in output.

To conclude, let us highlight some of the
specific results obtained which have been
ignored in the earlier literature and which
may have significant policy implications.
Shift-work does not always save capital, but
on the contrary in a range of cases it reduces
the productivity of the capital stock. In a
broader range of cases shift-work reduces
employment per unit of output. Moreover,
it is quite possible for a decline in the nightly
wage to make shift-work profitable and
thereby decrease employment per unit of
output. In all of these unorthodox results, a
critical role is played by the elasticity of sub-
stitution. The effects of shift-work on total
employment depend importantly on what
happens to output: under conditions of
oligopoly, a rigid output constraint may be
reasonable; if not, consideration must be
given to the shape of the demand curve
and the nature of economies of scale.
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