The Long-Run Demand for Labor
and Adjustment Costs

n practice, it takes time—sometimes several years—for firms to in-

crease their capital stocks (by investing in new plant and equipment)

or reduce them (by selling off their capital at auction or not replac-
ing it as it depreciates). Given that capital is such an important element
of the production process, it is essential that economists understand
the firm’s behavior both during the period when its capital stock can
reasonably be taken as temporarily fixed (the short run) and when it is
variable (the long run). In Chapter 3, we made considerable progress to-
ward achieving this goal when we analyzed the firm’s short-run demand
for labor (in a variety of different market settings). In this one, we shall
fully realize it, by studying the long-run behavior under conditions of
perfect competition. As we shall see, the firm’s ability to adjust its capi-
tal stock can have a profound impact on its behavior because it can now
respond to any given impulse—such as an increase in the wage—by
responding along two different dimensions.

Sections 26.1-26.3 present the basic theory and offer several ap-
plications of the material. As we shall see, the analysis sheds light on
several interesting issues such as the consequences of a worldwide pro-
hibition on the use of child labor, trade union activities, and even the
behavior of the Luddites.

Section 26.4 then examines how the demand for labor is affected
by the presence of adjustment costs, which are incurred when workers
are hired or fired. For example, if a firm recruits additional workers,
then it may face significant outlays when it advertises its vacancies
and interviews potential job candidates. Likewise, if it subsequently
downsizes, then it may be contractually obliged to provide severance
payments to those it lays off. This section shows how the adjustment-
cost framework can be applied to help us understand the effects of
job-security provisions, which often result in employers bearing sub-
stantial costs whenever they release workers. These provisions are
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endemic in the countries of western Europe, and some observers have argued
that they constitute the smoking gun that is responsible for their arthritic—or
“Eurosclerotic”—economic performance in general and high levels of unem-
ployment in particular.

Finally, Appendix 26.A presents a more detailed microeconomic analysis of
the firm’s behavior, and, for completeness, Appendix 26.B provides a mathemati-
cal derivation of many of the results obtained in the body of this chapter.

26.1 The Competitive Firm

In this section, the general principles that govern the firm’s long-run demands
for capital and labor are presented. For simplicity, throughout the discussion, the
firm is assumed to be a perfect competitor in both its product and factor markets.
It therefore treats its product price, p, the hourly wage, W, and the rental price of
capital, R, as given when it formulates its plans. Furthermore, all of the conditions
presented in Model 3.2 are again assumed to hold but with one obvious caveat:
since we are now focusing on the long run, the firm’s capital stock is no longer
fixed at the level K but is free to vary.

The manager’s goal is to find the particular values of y, K, and L—connoted,
respectively, by y*, K¥, and L*—that maximize the firm’s profits. Our goal is to
discover these optimal choices and characterize their properties. Essentially there
are two alternative (but economically equivalent) methods we can use to accom-
plish this task: the input approach and the output approach. In this section, we
use the first method because it is simpler and more direct. The output approach
is presented in Appendix 26.A. Although it is a little more complicated, it pro-
vides much deeper insights into the firm’s long-run behavior.

The Input Approach

The input approach is based on the fact that the firm’s input choices automat-
ically determine its output level via its production function: y = F(K, L). It fol-
lows that its revenues are then py = F(K, L), and that its profits can then be
written as:

MM=p-F(K,L) - WL - RK (26.1)

Equation 26.1 implies that the manager’s problem just boils down to finding the
profit-maximizing input levels, K* and L*—hence our designation the input ap-
proach. This endeavor is straightforward if he adheres to the one-step-at-a-time
principle discussed in Chapter 3. The main result is presented in Major Result
26.1, and the explanation follows.
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MAJOR RESULT 26.1
The Long-Run Demand for Capital and Labor

The firm’s optimal long-run behavior is described by:

p-MP, =W (26.2a)
p-MP,=R (26.2b)
F(K* L*) =y* (26.2¢)

where MP, and MP, are, respectively, the marginal products of labor and capital.

One of the main findings obtained in Chapter 3 (see Major Result 3.4) is that,
the competitive firm’s profit-maximizing demand for labor necessarily satisfies
p - MP, = W, for any given fixed level of the capital stock K. Equation 26.2a
says that this is also clearly true if the particular given capital equals its optimal
long-run level K*.

Equation 26.2b has an analogous interpretation, but it governs the firm’s opti-
mal choice of capital. It is again derived using the one-step-at-a-time principle, and
it ensures there is no scope for the firm to increase its profits by making marginal
adjustments in its capital stock. Finally, Equation 26.2¢ basically reminds us that
the firm’s optimal output level depends directly on its optimal input levels.

Equations 26.2a-26.2¢ constitute three equations in three unknowns, and they
can be used to determine the firm’s profit-maximizing choices of labor, capital,
and output. Worked Problem 26.1 shows how this is done in practice.

The Equal-Bang-for-the-Buck Condition. Major Result 26.1 also offers valu-
able insights into the general properties of the firm’s long-run behavior. To see how,
notice that Equation 26.2a and Equation 26.2b can be rearranged as follows:

MP./W=MP,/R
! K (26.3)

This condition properly accounts for the cost and productivity of each input.

ECONOMIC APPLICATION F{- !

Myths about Productivity, Payments, and “Cost Cutting”

The equal-bang-for-the-buck condition, Equation 26.3, provides valuable insights
into the business of—well—running a business. For instance, it is common to
hear that, in today’s high-tech world, firms should hire only the best workers to-
gether with the most technologically cutting-edge capital equipment. Yet, as Equa-
tion 26.3 makes clear, the validity of this claim depends on carefully comparing
the costs and the benefits of each input.
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For instance, because of their reliability and speed the latest high-end, H, PCs
generate an impressive $10,000 per month in revenues at a cost of only $5,000 per
unit. In contrast, medium-range, M, computers generate what appears to be the
apparently paltry sum of $2,000 in revenues. However, if the price p™ is less than
$1,000 per unit, then it makes sense for the firm to purchase the medium-range
machines since, under these conditions, $10,000/$5,000 = 2 < $2,000/p™.
For instance, if pM = $500 then five new medium-quality machines generate
$10,000 =S x $2,000 in revenues at a cost of only $2,500. This compares with one
top-end machine, which admittedly generates $10,000, but does so at a greater
cost of $5,000.

In a similar spirit, it is sometimes claimed that a firm in financial distress should
cut its costs by purchasing only low-cost capital and hiring cheaper low-skilled
workers. However, as shown in Worked Problem 26.2 this is potentially disas-
trous advice because it may actually raise the firm’s costs, leading to its bankruptcy.
Once again the key is Equation 26.3, which weighs the cost of each input with its
contribution to the total output.

The hourly wage, W, is the number of dollars required to hire one more labor
hour, so 1/W is the number of labor hours the firm can hire if it spends one more
dollar on labor. Given the MP, equals the additional output that is generated from

Worked Problem 26.1

Investment Subsidies and the Long-Run Demand for Labor

Investment subsidies are often viewed as useful i (b) How would she respond if the government of-

policy instruments for stimulating business activity i

and fostering job creation in depressed urban neigh- ! Hint. It can be shown (using calculus) that MP, =

borhoods. In this worked problem we explore how i 1,025 —075 0757 025
i K9 L% and MPx=K 7> L%,
they affect the firm’s demand for labor. (Note: This i . “

problem does not require knowledge of calculus; i Solution. In tackling this kind of problem it is best to

however, it does require that the reader can success-
i for the particular values of p, R, and W as required.

fully rearrange equations.)

Problem. Let us return to the case of Betsy’s pizza .
. ¢ written:
parlor (Example 3.1) and suppose her pizza produc- :

tion function is

y=F(K, L) = 4K25 .02 (a) i
i where w=W/p and r=R/p are the real wage and the
{ real rental rate of capital, respectively. Dividing the
{ first equation by the second yields:

where y is her hourly production of pizzas.

(2) Determine her optimal choices of K, L, and y,
given p = $10 per pizza, and the hourly wage and
rental price of capital are W= $8 and R = $2,
respectively.

tered a 50% subsidy on her capital expenditures?

derive the general solution first and then substitute

With the aid of the hint, Equations 26.2 can be

KO.ZSL -0.75 — w
I<—0.75 LO.ZS =r (b)

w/r=K/L—K=(w/r)-L (c)

i Now use Equation c to substitute for K in Equation a:
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w=(w/r) 025 L 025 . [ -075 = (15/7)025 ]\[T

Squaring both sides and rearranging yields the de-
sired solution: L* = (1/w?) Nw/r. Using this result
in Equation c gives the optimal capital stock, K* =
(1/r*) \w/r. (Notice that the solutions for capital
and labor are symmetrical.) Finally, substituting the
solutions for K* and L* into the production function
(Equation a) yields the firm’s optimal output level

y* =4 (K*)025 . (L*)°% = 4/\rw

(a) Using these solutions and the facts that p = $10,
W=$8,andR = $27

Li= (1/0.64)\4  =3.125
K= (1/0.04)V0.25 =125
yi= 4/0.16 =10

(b) A 50% subsidy on capital expenditures im-
plies that the effective rental rate of capital is only
R(1-0.5) =0.5R per machine hour. This, the solu-
tions derived earlier, and the facts that p = $10,
W =$8,and R = $2 imply

Lf=44, Kf=353, and yf=14.1

Notice that the subsidy raises Betsy’s optimal employ-
ment level, so capital and labor are gross complements.

the employment of one more labor hour, it follows (1/W) x MP, =MP, /W equals
the additional output the firm can produce if the firm spends another dollar on
labor. Likewise, MP,/R equals the additional output it can produce if it spends
another dollar on capital. From this vantage point, Equation 26.3 then tells us that
the profit-maximizing firm acts in a way that, in terms of its output, gets the same

bang-for-the-buck from each of its inputs!

The equal-bang-for-the-buck condition, Equation 26.3, is both versatile and
powerful. Its versatility stems from the fact that it can readily be extended to en-
compassany number of different inputs—not just two. Economic Application 26.1

Worked Problem 26.2 ]

each unskilled worker produces 6 units.

(a) Will the firm hire college-educated or unskilled
workers?

(b) If the firm produces 960 units of output per
hour, what is the cost saving of making the correct
hiring decision?

Problem. A firm can hire skilled, college-educated, :
workers for $40 per hour and unskilled workers for
$4. Assume that each college-educated worker pro- i
duces a constant 80 units of output per hour, and :

Solution. (a) The temptation appears to be for the :
firm to try to keep its costs low, by hiring the appar-

Cheap Unskilled vs. Expensive College-Educated Labor

ently cheaper unskilled labor. Yet, the equal-bang-
for-the-buck condition tells us this is incorrect. To
see why, notice if the firm spends an additional $1
on skilled labor it generates 80/40 = 2 extra units of
output. If, instead, it allocates the dollar toward hir-
ing unskilled labor, then it generates only 6/4 =
1.5 extra units. It is therefore optimal for the firm to

i hire skilled, college-educated workers.

{ (b) In order to produce 960 units of output, the

firm must hire either 960/80 = 12 skilled hours
(at a cost of $480), or 960/6 = 160 unskilled hours
(ata cost of $640). Therefore, by making the cor-

i rect choice, the firm saves $160 per hour.
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demonstrates its power by showing how it can help dispel some common miscon-
ceptions about the best way to run a business, and Worked Problem 26.2 shows
how it can be applied to address practical concerns that confront many businesses
in real life.

TAKE-HOME MESSAGE 26.1

« In the long run, the firm can vary all of its factors of production, including
its capital stock.

o This additional flexibility can have a profound effect on its demand for
labor because it can respond to any given change by adjusting along two or
more dimensions.

o The firm’s input choices pin down its output level via its production func-
tion, y = F(K, L). The input approach exploits this fact by writing the
firm’s profitsasIT = p - F(K, L) — (wL + RK), which depend on only the
input levels Kand L.

« One of the main insights yielded by the input approach is that the firm’s
optimal capital and employment levels are governed by the equal-bang-
for-the-buck condition: MP, /W= MP,/R. This condition properly ac-
counts for the costs and (marginal) productivities of each of the inputs.

26.2 Properties of the Long-Run Demand for Labor

In the last section, we used the input approach to derive the general properties of
the firm’s long-run behavior. In this one, we shall build on these findings to make
predictions about the nature of the firm’s long-run demand for labor, compare its
long- and short-run employment responses to a given change in the wage, and
apply the material to several real-world settings—including understanding the
behavior of the Luddites and the economics of child labor.

The Basic Principles

It is possible to identify three key principles that govern the firm’s long-run be-
havior. All of them, in one way or another, essentially confirm our commonsense
ideas about how the firm might be expected to behave given its ability to adjust
to two or more inputs. The principles are summarized in Major Result 26.2.

MAJOR RESULT 26.2
The Long-Run Demand for Labor
In the long run, the firm responds to a decrease in the wage, W, by

(1) Scale Effect raising its output level and, as a result, increasing its demand for
both labor and capital.
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(2) Substitution Effect: Two inputs producing any given quantity of output
using more labor and less capital.

(3) Substitution Effect: Three or More Inputs producing any given quantity
of output using (a) more labor and (b) less of at least one other input. Provided
these two conditions are satisfied, it might also use more of some other inputs.

The scale effect refers to the fact that a reduction in the hourly wage rate lowers
the firm’s (marginal) production costs, which encourages it to increase its output
(i.e., scale) and to hire more of every input in the process. In contrast, the substi-
tution effect captures the idea that a reduction in the hourly wage lowers the rela-
tive cost of labor vis-a-vis capital. The profit-maximizing firm will attempt to take
advantage of this, by switching (i.e., substituting) toward the cheaper input. For
example, Betsy might respond to a reduction in the wage by hiring two people to
wash the dishes rather than just hiring one and investing in an industrial-strength
dishwasher.

Notice that effects 1 and 2 work in tandem, so that the long-run demand for
labor is predicted to unambiguously increase as the wage W decreases—that is,
the long-run labor-demand curve is downward sloping. However, the reduction
in the wage has an ambiguous effect on the firm’s demand for capital because the
scale and substitution effects are in conflict: the demand for capital tends to in-
crease because of the scale effect but decrease because of the substitution effect. If
the outcome of this tug of war is that the firm ultimately demands less capital (i.e.,
the substitution effect dominates), then capital and labor are termed gross substi-
tutes. Alternatively, if the firm demands more capital (i.e., the scale effect domi-
nates), then labor and capital are called gross complements. In this latter case, a
reduction in the wage raises the demand for both labor and capital.

The third result is interesting because it says that if a firm produces a given
level of output using at least three inputs—say, capital, labor, and energy—then
it could respond to a reduction in the wage by reducing its demand for capital
and increasing its demand for both labor and energy. If this were indeed the case,
then capital and labor would be called net substitutes, and labor and energy net
complements.

The Short- vs. Long-Run Demand for Labor

It is instructive to compare the size of the firm’s short- and long-run employment
responses to a given change in the wage. Here the key result is provided by the Le
Chatelier-Braun principle, which establishes that the response to a given change
in the wage is greater in the long run than in the short run.!

Figure 26.1 explains why this is the case. Given the wage W, suppose that the
firm’s long-run profit-maximizing capital and employment levels are, respectively,
K3 and L. The firm’s optimal employment level is depicted at point A, which lies
on the soon-to-be-constructed long-run labor-demand curve. It is essential that,
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The Long-Run Demand for Labor and Adjustment Costs

for the moment, the reader completely dis-
regard the other points that lie on the long-
run demand curve, D', because our goal is
to construct it from the basic first principles.
With this goal in mind, starting from
point A, suppose that we fix the firm’s capital
stock at the level K, and we gradually lower
the wage to W,. In this case, because the
firm is saddled with the capital stock Kj, it
must make all of its employment adjustment
along its short-run labor-demand curve,
DSR=p.MP, . As shown at point B, the firm’s
short-run demand for labor increases to L.
In the long-run, the firm responds to the
reduction in the wage by adjusting its capital
stock and readjusting its employment level.
For the reader who has successfully ignored
the line D'® depicted in the figure, the basic

question at hand is simple enough: at the new wage W, does the firm’s long-run
demand for labor lie to the left or to the right of point B? If we can show it lies to
the right, then we have proven the claim: the long-run labor-demand curve is shal-
lower than the short-run demand curve, which implies the long-run response to a
given wage change is greater than the short-run response.

The key to the argument is establishing that, in the long run, the firm optimally
adjusts its capital stock in a manner that tends to further increase its demand for
labor. Below are the two key principles we will employ to establish this:

Gross Complements If capital and labor are gross complements, then the firm
responds to a reduction in the wage by hiring more capital. Moreover, capital
and labor are gross complements only if an increase in the capital stock raises
the marginal product of labor. (Intuitively, complements go together, so an in-
crease in one input raises the productivity of the other.)

Gross Substitutes If capital and labor are gross substitutes then the firm re-
sponds to a reduction in the wage by hiring less capital. Moreover, capital and
labor are gross substitutes only if an increase in the capital stock lowers the
marginal product of labor. (Intuitively, substitutes go in opposite directions,

$
Short run
Long run
W 2. The capital-stock
adjustment increases the
firm’s demand for labor
w, -
1. The short-run
capital stock is fixed )
at K% D
DS = pmP,
] ] ]
Ly L L3
Tip!

Remember, the short-run

i demand for labor is given by
W =p - MP, . Hence our goal
i is to show that as the firm
adjusts its capital stock, the
MP, increases.

...............................

.

so an increase in one input lowers the productivity of the other.)

We can make relatively short work of the rest of the argument by using
the following suggestive notation to describe the chain of events: let | repre-
sent an increase in, | a decrease in, and — implies or leads to. Thus, starting
from point B, if capital and labor are gross complements, then the wage cut
unleashes the following chain of events:

(Iw)—(K)—(GMP)—(IL)

(26.4)
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which takes the firm from point B to C. Intuitively, the increase in the firm’s capital
stock raises the marginal productivity of labor and so the firm’s demand for labor.
Alternatively, in the case of gross substitutes, the chain of events (again starting
from point B) is

(Iw)—(K)—(qMP)—(IL) (26.5)

which again takes the firm from point B to C. This time, it is the reduction in
the capital stock that raises the marginal productivity of labor and so the firm’s
demand for it.

It follows that it is immaterial whether capital and labor are gross comple-
ments or gross substitutes. In either case, following the reduction in the wage,
the new optimal long-run demand for labor is located at point C, which lies on
the firm’s long-run labor-demand curve, D*%, to the right of point B. Connect-
ing points A and C establishes that the long-run schedule D*® is shallower than
the short-run demand schedule D*R. This implies the firm’s response to the given
wage cut is greater in the long run than in the short run, which confirms the valid-
ity of the Le Chatelier-Braun principle.

The Luddites: A Case of Missing the Scale Effect??

The Luddites were bands of workingmen who rioted in the industrial heart of
England between 1811 and 1816. The disturbances began in Nottinghamshire,
where groups of textile workers in the name of a (possibly) mythical figure called
Ned Ludd, or King Ludd, destroyed machinery, to which they attributed their low
wages and their high levels of unemployment. In 1812 the riots spread to York-
shire and Lancashire, where workers wrecked powered cotton looms and wool
shearing machines.

Our analysis suggests that the Luddites were spot on in identifying the substi-
tution effect. According to the basic theory, the introduction of low-cost machin-
ery (capital) is predicted to reduce the demand for labor with all else constant.
The trouble with the Luddite argument is that it ignores the scale effect. As the
price of capital falls, firms are predicted to expand their output levels, which has
the offsetting effect of raising the demand for labor.

This observation might help explain the short-lived nature of the Luddite re-
bellion. Indeed, Tauman and Weiss (1987), and Dowrick and Spencer (1994)
show that provided the product market is reasonably competitive, even unions
(who value both jobs and wages) often encourage the introduction of new tech-
nologies into the workplace.

Child Labor

It is perhaps with some horror that one learns that in 2000 there were some
211 million children, aged between 5 and 14, who were at work worldwide and
that 73 million of them were less than 10 years old.? It is with perhaps equal
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horror that one discovers that during the British industrial revolution, “[ E]Jmploy-
ers preferred child labor over adult labor because children were particularly suited
to operate the machines”* (Which, reading between the lines, means they were
more docile and nimble enough to climb into moving industrial machinery in
order to maintain and repair it.)

Disturbing as they are, they are simply the facts. It is economic theory that
provides insights into the reasons for using child labor in the first place and sheds
light on the effectiveness of various policies intended to ameliorate matters.>
A policy that has gained considerable prominence is the International Programme
on the Elimination of Child Labor (IPEC), which seeks to eliminate the worst
sorts of child labor abuses.®

Analysis. In order to study the use of child labor, it is necessary that we include
it in the firm’s production function. Therefore, suppose that the production func-
tion takes the form: y = F(K, L, L), where K is capital, L is adult labor, and L.
is child labor. A law that restricts the use of children is effectively the same as an
increase in the price of child labor. For example, a complete prohibition is eco-
nomically equivalent to an infinite price. Like any other factor of production, an
increase in its own price will reduce the demand for child labor, raise the demand
for inputs that are gross substitutes, and lower the demand for those that are gross
complements.

The evidence on the relationship between the use of child and adult labor in
production is rather mixed and appears to differ according to gender. For instance,
Ray (2000) finds that in Peru an increase in the adult male wage significantly re-
duces the labor hours worked by girls; however, in the case of Pakistan he shows
there is a strong positive complementarity between the number of hours worked
by women and the number worked by girls.” The significance of these facts is that
if adult and child labor are (gross) complements in production, then an increase
in the price of child labor will also reduce the demand for adult labor, which will
tend to depress the adult wage. However, exactly the opposite is true if adult and
child labor are gross substitutes because the ban will tend to raise the adult wage.

Basu (2000) establishes the possibility of multiple equilibria in this latter case.®
Intuitively, this means that the labor market will settle down and occupy one of
several distinct stable states, and after it does so, left undisturbed, there will be no
tendency for any further change. The presence of multiple equilibria raises the
distinct possibility that the labor market might become stuck in an undesirable
equilibrium, even if other more desirable ones exist that everyone prefers. Fig-
ure 26.2 depicts the basic ideas. For simplicity, adults and children are assumed to
supply their labor inelastically and to work for a single time period. (The latter as-
sumption implies that the wage equals earnings, making it easy to represent them
both in the same graph.)

In Basu’s model, the family inherently doesn’t want to send its children to work
but must because of its acute poverty. To capture this idea, suppose that the family
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m The Effects of Banning Child Labor
Family A Adult Child
Earnings Wage Wage
wre — — —
%
Wy + Wy R w! __ 4k
DL‘
;e — — — 7
Child Labor
2. If adult and child labor are
gross substitutes, the ban raises
the demand for adult labor.
0 0 Adult Labor

makes its children work only if its total earnings fall below the critical threshold
value . The initial supply equals demand equilibrium is represented at points
E_and E_in the figure. The adult wage is w* and the child wage is w*. Notice that
w +w* <, which implies the family’s earnings are less than the critical threshold
w, so it sends its children to work in order to make ends meet.

Now consider the effects of a complete ban on child labor. If adults and labor
are (gross) substitutes, the ban raises the demand for adult labor. This is shown
in the figure by the shift in the adult labor-demand schedule from D, to D’. The
increase in the demand for adult labor raises the equilibrium adult wage to w**,
which (in this particular example) exceeds the critical value, 1. Remarkably, in the
new equilibrium, the family wouldn’t send its children to work even if it were legal
to do so. Hence once the labor market reaches point E/, it would remain there
even if the child labor law were subsequently repealed!

TAKE-HOME MESSAGE 26.2

« Areduction in an input price unleashes scale and substitution effects. The
scale effect arises because the firm responds to the change by expanding
its output level and thus hiring more capital and labor. The substitution
effect arises because the reduction in the price of the input encourages
the firm to switch its production methods to use more of the relatively
cheaper alternative.

« The long-run demand for labor schedule is downward sloping. Follow-
ing a reduction in the wage, the scale and substitution effects work in
harmony and unambiguously increase the firm’s demand for labor.
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o Areduction in the wage has a theoretically ambiguous effect on the
firm’s demand for capital. If the scale effect dominates (implying the firm
demands more capital), then capital and labor are termed gross comple-
ments. If the substitution effect dominates (implying the firm demands
less capital) they are termed gross substitutes.

« According to the Le Chételier-Braun principle, the responsiveness of the
demand for labor to a given change in the wage is greater in the long run
than in the short run.

26.3 The Hicks-Marshall Laws

Appendix 26.B discusses the important topics of elasticities and percentage
changes. One of the principal findings of elasticity is that a small increase in the
wage, W, raises the combined earnings of a group of L workers only if it occurs in
""" Jrmmmmmmmmmmm - the inelastic region of the labor-demand curve. This finding is significant
: Tip! i because it suggests a union (or any group of workers acting in concert) will
i Elasticities are discussed in tend to push for higher wages if the demand for their labor becomes more

i Appendix 26.B. Some basic . . . . s :
: familiarity with this material inelastic and possibly offer wage concessions if it becomes more elastic.

i s essential for understanding Since the own wage labor-demand elasticity can have a potent effect on
i the following discussion. ¢ union behavior, it is important for us to understand the factors that govern
Frresseensesneensn S ST its size. Accordingly, this section presents the famous Hicks-Marshall (HM)

laws of derived demand.” The four laws are presented in Major Result 26.3.

MAJOR RESULT 26.3
The Hicks-Marshall Laws

The demand for labor is inelastic if any of the following conditions hold:

HM1. 1t is difficult to substitute labor for other factors of production.
HM2. The demand for the industry’s product is inelastic.
HM3. The supply of capital (and other factors) is inelastic.

HMH4. Labor costs represent a small share of the firm’s total costs.

Note: The laws are often remembered by “the inelastics go together”

The HM laws capture the total change in the demand for labor that results
from an impulse in the wage, after suitable allowances are made for general equi-
librium adjustments that occur in both the product and the factor markets.'® This
latter statement is less mysterious than it might sound at first. So far, the product
price, p, and the rental price of capital goods, R, have simply been treated as givens
from the perspective of the individual firm. Yet, these prices are, of course, not
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simply conjured up from thin air; they are themselves endogenous and adjust to
ensure supply equals demand in their respective markets.

For instance, the product price, p, depends on the demand and supply condi-
tions within the industry as a whole. To give one topical example, the output of
crude oil produced by a typical Texan oil well is (literally) a drop in the bucket
when compared to total world production. Here, it makes perfect sense to imag-
ine that the producer is a price taker on the world oil market. Yet, as is evident by
the market’s recent yo-yo behavior, the price of crude depends on both the total
demand and the supply of oil. Analogous remarks apply to the market for plant
and equipment, where, for example, the price of robotic machinery depends on
both their supply and the demand for them.

In order to understand the significance of these observations, assume that cap-
ital and labor are gross substitutes. The firm’s long-run labor-demand schedule
then takes the following form:

L=D( W p, k)
(=) (+) (+)

The sign below each of the variables captures the predicted direct effect
on the firm’s long-run demand for labor of a positive impulse in the variable—
holding the two other variables constant. If, however, an impulse in any one of
these variables affects all of the firms in the industry, then there will also typi-
cally be an indirect effect on the long-run demand for labor that works through
general-equilibrium adjustments in the other two. It follows that in order to

(26.6)

correctly evaluate the overall effect of an impulse in the wage, which is our cur-
rent focus, it is necessary to accommodate these indirect responses. The Hick’s-
Marshall laws do precisely this.

Below, in the interest of clarity, a step-by-step approach to explain the

economic logic that forms the basis for each of the laws is presented. Nev- i Remark.
: Wefocus on pinpointing the
+ conditions under which the

.....................................

ertheless, it is important to bear in mind that, in practice, all of the effects

discussed will typically be present simultaneously. i e

The conditions under which

HM1: Capital and Labor Substitutability. Holding constant p and R, the the demandis elastic are then
: just the opposite of those pre-

direct impact of a positive impulse in the wage is that it unleashes scale and
. sented here.

substitution effects that work together, leading to an unambiguous reduc-
tion in the long-run demand for labor (see Equation 26.6). It is convenient
to decompose the own wage labor-demand elasticity into these two separate
components:

................................

Elasticity of demand = Scale elasticity + Substitution elasticity

Scale elasticity refers to the percentage change in the demand for labor that
results from a 1% impulse in the wage, which operates through the scale effect—
likewise for substitution elasticity.
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Now suppose there are two firms—Ilabeled A and B—that share the same scale
elasticity of —0.8%; however, firm A finds it easy to substitute between capital
and labor (its substitution elasticity is —1.6%), but firm B finds it impossible to
substitute between them (its substitution elasticity is zero). In this case, firm A’s
labor demand is elastic: a 1% impulse in the wage leads to a 2.4% reduction in its
demand for labor. In contrast, firm B’s demand is inelastic: the same 1% wage im-
pulsesleads to only a 0.8% reduction in its demand. This example confirms HM1:
the demand for labor is inelastic if it is difficult to substitute capital for labor.

HM2: The Product Market. The second Hicks-Marshall condition says the de-
mand for labor tends to be inelastic if the demand for the industry’s product is
inelastic. This is an indirect general equilibrium effect that works through the
product market. To see how it works, suppose there is a positive impulse in the
wage. Once again, the direct effect of this impulse is that it reduces the firm’s de-
mand for labor—see Equation 26.6 and HM1.

However, as each firm in the industry cuts back its output level, total industry
output, Y, declines. Figure 26.3 shows the effect is that the industry’s supply curve
moves leftward (from S to S,) along the given product demand curve. In turn,
this raises the equilibrium product price, p, which then has the blowback effect of
raising the demand for labor (see Equation 26.6) and partially offsetting the direct
effect of the wage increase! Using our earlier suggestive notation, this indirect se-
quence of events can be compactly written in the following form:

(W)= y)— (1Y) —>p)— (L) (26.7)

Comparing points E” and E”, it can be seen that the magnitude of the offsetting
product price increase is greatest if the industry’s product-demand curve is com-
pletely inelastic. This confirms the result: inelastic product demand and inelastic
labor demand go together.

m The Role of the Product Market HM3: The Market for Capital Equipment. The third

Hicks-Marshall condition is also an indirect general equi-

v Completely fB librium effect. This time it operates through the capital
inelastic equipment market, rather than the product market. To
demand 5 see how it works, once again consider a positive impulse

Ps - in the wage. The direct effect of the impulse is that each

firm in the industry reduces its demand for labor, for the

Pt reasons we have already described at length.

ps Suppose that capital and labor are gross substitutes

(the analysis is also valid if they are gross complements—
see Worked Problem 26.3). It follows that, all else equal,
the increase in the wage indirectly raises each firm’s
demand for capital and hence the industry’s demand
for capital as a whole. In turn, this tends to raise the

Industry Output Y
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equilibrium machine rental price, R. Since, however, capital and labor are assumed
to be gross substitutes, the increase in the equilibrium rental price R tends to raise
the demand for labor (see Equation 26.6), which partially offsets the direct effect
of the wage increase. The indirect sequence of events can be compactly written as
follows:

(w)—(K)—(R)— (L)

(26.8)

The magnitude of this indirect effect depends on the size of the jump in the
equilibrium rental price of capital. It is readily verified (see Figure 26.3) that the

Worked Problem 26.3 \

The Hicks-Marshall Conditions

Problem. Assume that capital and labor are gross
complements in a particular industry. Suppose the
facts are as follows. All else equal, a:

« 2% increase in the wage reduces the demand for
labor by 3% and the demand for capital by 2%.

o 1% increase in the price of capital lowers the
demand for labor by 0.45%.

o 1% decline in the demand for capital equipment
reduces the equilibrium rental price, R, by 2%.

(a) Assuming p and R are given, is the own
wage elasticity of labor demand elastic or inelastic?

(b) What is the overall effect on the demand for
labor of a 1% increase in the wage, once accommo-
dation is made for adjustments in the equilibrium
price of capital? Is the resulting demand for labor
elastic or inelastic?

Solution. (a) Ceteris paribus, a 2% impulse in the wage
reduces the demand for labor by 3%. The own wage
elasticity of labor demand is -3/2 = —1.5. Hence the
demand for labor is elastic because | —1.5] > 1.

(b) This part of the question accommodates both
the direct effect of the wage increase and the indi-
rect general equilibrium effects that work through
the capital equipment market.

The answer to part (a) has already given us the
direct effect: it is —1.5% because a 1% increase in the

wage reduces the demand for labor by 1.5%. The in-
direct effect accommodates the following sequence
of events:

(W)= (1K) —(R)—(L)

The sequence captures the idea that the posited in-
crease in the wage affects the rental price of capital,
which, in turn, has a positive blowback effect on the
demand for labor.

The data provided in the question allow us to
work through this sequence and calculate the size of
the indirect effect. Thus a 1% increase in the wage
reduces the demand for capital by 1%. In turn, a 1%
decrease in the demand for capital reduces the equi-
librium rental price by 2%. Finally, a 2% reduction in
the rental price must raise the demand for labor by
0.9% (since a 1% reduction in R raises it by 0.45%).
In conclusion, the size of the indirect effect is +0.9
because a 1% increase in the wage indirectly raises
the demand for labor by 0.9%.

The overall impact of the increase in the wage is
found by summing the indirect and direct effects.
Consequently, a 1% increase in the wage results in a
(-1.5+0.9) =—0.6% change in the demand for labor.
It follows, as indicated by HM3, the demand for
labor is relatively inelastic once equilibrium adjust-
ments in the capital equipment market are properly
accounted for.



16 Chapter 26:  The Long-Run Demand for Labor and Adjustment Costs

increase will be greatest if the capital equipment supply curve is completely in-
elastic. Consequently, inelastic labor demand and inelastic capital supply go to-
gether, which confirms HM3. Worked Problem 26.3 shows that HM3 is valid
even if capital and labor are gross complements, implying an increase in R lowers
the demand for labor.

HM4: Labor’s Share in Total Costs. In this case, the Hicks-Marshall conditions
predict that the demand for labor will tend to be inelastic if labor’s share in total
costs is small. The intuition is as follows. If, for example, labor constitutes only
5% of production costs, then a 10% increase in the wage raises total costs by only
0.5%. Under the circumstances, the induced scale effect and resulting decline in
employment are small, implying the demand for labor is relatively inelastic. Com-
pare this situation with one in which labor is the only factor of production. Here,
the same 10% increase in the wage results in a 10% increase in the firm’s costs.
In turn, this unleashes both a huge scale effect and marked employment decline,
implying the demand for labor is relatively elastic.

While this is all well and fine, there is an important caveat: it cannot be too
easy to substitute the input in question for another one. For instance, suppose
the firm’s (homogeneous) workforce is arranged in groups corresponding to the
first letter of each worker’s surname. In the United States, chances are that the X’s
would constitute a very small share of the firm’s total costs. Yet, it would be a seri-
ous mistake for Ms. Xylophone to confidently look at the fourth Hicks-Marshall
condition and conclude that (because of her small share in the firm’s costs) the
demand for her labor must be inelastic and, worse still, then demand a large pay
increase from her boss. The reason, of course, is that her employer can, at the drop
of a hat, substitute her labor for any Tom, Dick, or, for that matter, Harry.

Elasticities: The Empirical Evidence. A vast amount of empirical research has
been carried out that tackles the difficult problem of estimating labor-demand
elasticities. The most comprehensive account of the evidence is presented by
Hamermesh (1993). Summarizing the key results as they pertain to homoge-
neous groups of workers, Hamermesh remarks,

We know that the absolute value of the constant-output elasticity of demand
for homogeneous labor for a typical firm, and for the aggregate economy in the
long run, is above 0 and below 1. Its value is probably bracketed in the interval:
[0.15-0.75] with 0.30 being a good “best guess.”!!

By holding output as fixed, the elasticity of labor demand reported above cap-
tures the size of the substitution possibilities between labor and other factors of
production. The (long-run) own wage elasticity of labor demand measures the
response in employment to a 1% change in the wage. Estimates on its value vary
considerably from one industry to another. Hamermesh'? cites evidence from



26.3: The Hicks-Marshall Laws 17

Carruth and Oswald’s (1985) study of UK coal mining employment that suggests
in this case it lies in the range [1.0-1.4].13

Implications for Trade Union Behavior

The Hicks-Marshall conditions can help to illuminate certain aspects of trade
union behavior. The linchpin of the argument is grounded in Major Result B.1
(p- A-30). This result is important because it shows that if the own wage elas-
ticity of labor demand is inelastic, then an increase in the wage raises workers’
total incomes, W L. Consequently, under these circumstances, the union leader-
ship can vigorously push for a higher wage, even if it means the loss of some jobs.
Those union members who keep their jobs are clearly content with an increase in
their wages. More subtly, however, since total labor incomes increase, every union
member—even accounting for the ones who lose their jobs—potentially benefits
from the increase. The upshot is that if the own wage elasticity of labor demand
is inelastic then a trade union is predicted to be at its most powerful: it has some-
thing to gain and little to lose by forcing an increase in the wage.

More generally, it follows that union power and union truculence will increase
following any change that renders the demand for their labor more inelastic. For
analogous but opposite reasons, trade unions will become more conciliatory fol-
lowing one that makes their labor demand less inelastic. Hence there are clearly
strong grounds for suspecting an intimate link exists between union behavior and
the own wage labor-demand elasticity. Yet, because the Hicks-Marshall laws tell us
precisely when we should expect the demand for labor to be elastic or inelastic, they
can be used to shed light on trade union activities in a variety of different settings.

On this score, HM 1 indicates that the demand for union labor is more inelastic
the greater the difficulty in substituting capital (or other inputs) for union labor.
This observation helps to explain why unions often insist on manning levels,
which require that the firm must employ a given number of union workers at each
stage of production. Consequently, as the firm expands its scale, it must hire addi-
tional union workers. From the firm’s perspective, this effectively renders capital
and labor complements, which lowers the labor-demand elasticity and enhances
the union’s power. Similarly, unions often use closed shop agreements to make it
difficult (or impossible) for firms to substitute union labor for (possibly cheaper)
nonunion workers. Once again, by hindering substitution possibilities the union
increases its power and the earnings of its members.

Next, consider the implications of HM2, which says that inelastic product and
inelastic labor demand go together. A corollary of this law is that the union can
enhance its power if it can successfully engineer a reduction in the price elastic-
ity of the demand for industry’s product. Yet, while correct, this is perhaps easier
said than done. The demand for the industry’s product depends on the behav-
ior of consumers (households, the government, other firms), whereas the union
ostensibly has a direct influence only over the wages and working conditions of its
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members. However, the union can indirectly affect the demand for the industry’s
product by influencing the political process.

To give one topical example, consider the United Automobile Workers
(UAW). The demand for domestically produced automobiles is highly elastic be-
cause consumers can readily purchase foreign-made vehicles. According to HM2,
this renders the demand for UAW labor highly elastic and reduces the union’s
power. To circumvent this problem, the UAW has a strong incentive to lobby for
the promulgation of stringent import controls, in the form of tariffs and/or im-
port quotas, in order to make it harder for consumers to switch to purchasing
foreign-made vehicles.* The reason is that these measures stymie foreign compe-
tition, reduce the price elasticity of demand for U.S.-produced automobiles, and
(according to HM2) reduce the own wage demand elasticity for UAW labor. In
other words, by lobbying for import controls, the union can boost its power and,
as a consequence, its members’ earnings.

Nevertheless, the political process runs both ways, and legislative changes
sometimes weaken unions. The evolution of the U.S. airline industry offers an
instructive case in point. Beginning with a major deregulation in 1978, the indus-
try has undergone profound changes over the past 30 years or so. Prior to 1978
many carriers were assigned exclusive rights to fly between certain cities, which
gave them de facto monopoly power. Moreover, since driving from Boston to San
Francisco is no real substitute for flying, each airline faced an inelastic product
demand schedule. As predicted by HM?2, this situation would allow, for example,
the pilot’s union to push for—and obtain—high wages without jeopardizing too
many of their jobs.

The 1978 deregulation of the industry, however, eliminated the exclusive rights
provision, which essentially led to the evaporation of each carrier’s monopoly
power. Thus if the ticket price of one carrier was out of line with the others, con-
sumers would “vote with their seats” and choose a cheaper carrier. The resulting
increase in competition for passengers is predicted to raise each carrier’s product
demand elasticity, which, according to HM2, results in a more elastic demand
for pilots” labor and weakens their power. This observation helps to explain the
recent outcome of negotiations between Delta and its pilots’ union, which led to
a 32.5% reduction in their earnings.'®

TAKE-HOME MESSAGE 26.3

o The firm’s long-run labor-demand schedule takes the following form:
L=D (W, p, R). The direct effect on its behavior of an impulse in any one
of these variables is calculated holding the other two fixed.

o If, however, the impulse affects all of the firms in the industry, then there
will typically also be an indirect effect on its long-run demand for labor,
which works through general-equilibrium adjustments in the other two.
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o The Hicks-Marshall laws, which are summarized in Major Result 26.3,
accommodate these indirect adjustments.

o A small increase in the wage raises the combined earnings of a group of
L workers only if it occurs in the inelastic region of their labor-demand
curve. One implication of this observation is that unions will become
more truculent and powerful following any change that renders the
demand for their labor more inelastic.

26.4 Adjustment Costs

In this section, we will examine how firms optimally alter their employment levels
in the presence of adjustment costs. These costs are ubiquitous in practice. For
example, when the firm recruits workers it may incur substantial outlays in adver-
tising its vacancies. Likewise, if it sheds labor, then it may be contractually bound
to make severance payments. Furthermore employment adjustments often result
in a substantial dislocation of the production process, leading to a costly loss of
output, as new recruits are trained or as existing employees take over the work
once carried out by their former colleagues.'¢

The Nature of Adjustment Costs

Firms must continually make adjustments to their employment levels as business
conditions evolve. For instance, during good times, a firm may hire additional
workers to meet an increase in the demand for its product; during normal times, it
may be obliged to hire workers to replace those who quit or retire; and during bad
times, it may be forced to cut its employment level by initiating plant closures or
layoffs. Furthermore, in a process called labor churning;, it is common for firms
to simultaneously hire and fire workers. Adjustment costs refer to the costs associ-
ated with the loss of existing employees and the recruitment of new ones.

Treadway (1971) was the first to draw the important distinction between in-
ternal and external costs of adjustment.!” Internal adjustment costs refer to the
output losses the firm suffers from the disruption of the accustomed flow of work
as it adjusts its employment level. External adjustment costs refer to any pecuni-
ary costs the firm incurs. For example, firms must pay to advertise their vacancies,
must incur expenses in training new recruits, and may be contractually bound to
pay severance pay to those workers they release. Estimates indicate that external
adjustment costs alone are very high, and can amount to as much as one year’s
payroll for each worker!'®

Three Alternative Adjustment-Cost Structures. In order to characterize the
firm’s adjustment costs, we must describe the change in its employment level. Ac-
cordingly, let £, t + 1, t + 2, . .. index different time periods (e.g., months); let
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m Three Adjustments for Cost Structures
(a) Linear (b) Convex or Nonlinear (c) Lumpy
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L, denote the date-t employment level; and let AL =L, | - L, denote the net
change in employment between ¢ and ¢ + 1. For simplicity, assume that the firm’s
adjustment costs depend on only net employment changes. Figure 26.4 depicts
three possible adjustment cost structures. We next consider the implications of
each of them, in turn, on the firm’s optimal behavior.

Linear Adjustment Costs. In the case of linear adjustment costs, the firm incurs
the uniform adjustment cost $¢,, if it hires a worker and $¢, if it fires one. Conse-
quently, it incurs the total adjustment costs c,; AL, if it hires (on net) AL, > 0 work-
ers, and cF|ALt| if it releases |ALt| > 0 workers—remember | . | is the absolute or
positive part of the number. This leads to the adjustment cost structure depicted

in Figure 26.4a. Notice that the adjustment

m Optimal Employment in the Presence

of Linear Adjustment Costs

costs are assumed to be asymmetric, with
hiring costs exceeding firing costs."”

Suppose that the firm possesses a stan-
dard downward sloping marginal rev-
enue product schedule MRP,, and it takes
the competitively determined wage, W, as
given. In the absence of adjustment costs, it
would instantly select the profit-maximizing
employment level, L], depicted at point S
in Figure 26.5. Now suppose that it faces
the adjustment-cost structure depicted in
Figure 26.4a.

To begin with, assume that it initially has
L} employees. As shown in Figure 26.5, the
MRP, is extremely high, which signals it
might want to hire more workers. The cost

of hiring an additional worker, however, is
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.....................................
.

(W, + ¢,,), which includes the hiring cost $c,,. Hence, beginning with L3 """ .
workers, the optimal level of employment is L, as this equates the costsand Tip!
benefits of hiring labor at the margin. Moreover, since there is no point dil-  llojpmieiueeddie

i hiring cost but subtract the
lydallying, the firm is predicted to immediately adjust its employment level, : e gg cost from the wage is

causing it to jump from Lg toL]. i a common source of confu-
Now suppose that it begins with L} workers, which implies the MRP, is } sion. Remember, if the firm
quite small (see point F in Figure 26.5) and indicates that the firm might : isdownsizing but retains one

: moreworker, then it lays off
i one less. It must pay the wage
but saves the firing cost.

want to get rid of some of its employees. However, the presence of the fir-
ing adjustment cost implies the marginal cost of labor is $(W, — c,). The
reason is that if it retains an additional worker (i.e,, it fires one less), then it
must pay the wage $W but avoids the adjustment cost $c,.. The firm’s profit-
maximizing level of employment is depicted at point F in the figure. Once
again, since there is no point dillydallying, the firm’s employment level in-
stantly jumps from L to the new optimal level L.

Finally, suppose that its initial level of employment lies between L} and L}
(and differs from L}). In this case, W + ¢,; > MRP, > W, — ¢, which implies that
it is optimal for the firm to leave its employment level unchanged. This contrasts
with the zero-adjustment cost case, in which the firm’s employment level always
instantly jumps to L, regardless of its initial level. Together, these findings lead us
to one of the central insights of the adjustments cost literature.

................................

MAJOR RESULT 26.4
Adjustment Costs and Employment Volatility

Employment volatility declines in the presence of adjustment costs.

Nonlinear Adjustment Costs. In the case of linear adjustment costs, it does not
matter whether the firm changes its employment level by 1 worker or by 10,000:
in each case, the adjustment cost per worker is the same. In practice, however,
the disruption to the firm’s production process would clearly be much greater
in the latter case than in the former, which suggests that adjustment costs might
increase rapidly with the size of the adjustment |AL |. This fact leads to the con-
vex adjustment cost structures shown in Figure 26.4b. Notice that, in each of the
cases illustrated, it is not very costly for the firm to make modest employment
adjustments (in either direction) but very costly for it to make rapid large-scale
changes.

The quadratic case, which is represented by the curve QQ, was, until fairly
recently, the bread and butter of dynamic labor-demand models (it is very easy
to characterize this case mathematically). The problem is that this formulation
necessarily implies that adjustment costs are symmetric, so it is equally costly for
the firm to hire or fire, say, 100 workers. This is quite unrealistic. Previously, hir-
ing costs were described as resulting from training costs and from the costs of
advertising vacancies, whereas firing costs were described as resulting from the



Chapter 26:

The Long-Run Demand for Labor and Adjustment Costs

dislocation of production and from sever-
The Optimal Adjustment of Labor over Time

L

ance payments. The fact that these costs
are different in kind is enough to make it

— extremely unlikely that they would happen

2. Linear adjustment .
costs: instantaneous to equal each other by chance. Accordingly,
respanse the solid curve CC in the figure illustrates

the more realistic case of asymmetric and
increasing marginal adjustment costs.

The speed with which the firm optimally
adjusts its workforce over time is extremely
sensitive to its underlying adjustment cost

3. Convex
adjustment costs:
smooth response

1. Positive
demand shock structure. Figure 26.6 explains the basic prin-

ciples. The firm is assumed to begin with the

Whis £ initial (optimal) employment level L, and is
subject to a positive demand shock, at date

t,, which increases it optimal employment
levelto L.

In the case of linear adjustment costs, its employment level simply jumps to
the new value L, (if it adjusts at all). The reason is that if it is profitable to hire
one more employee then it must be profitable to hire all of the additional L, — L
workers it requires without delay. In the case of convex adjustment costs, however,
such rapid adjustments are extremely costly. As a consequence, it is optimal for
the firm to smoothly adjust its level of employment until it reaches its new target
level L,. In choosing the speed of its employment response, AL,, the firm weighs
the benefits of reaching its final destination, L,, more rapidly, against the higher
adjustment costs that arise if it changes its workforce too quickly.

Lumpy Adjustment Costs. Figure 26.4c depicts the case of lumpy adjustment
costs, which have attracted considerable recent attention. Notice, the costs of ad-
justment are independent of the number of workers hired or fired during the pe-
riod. (For example, the cost of running an advertisement in the local paper that
says the firm wants to hire 5 new workers is the same as running one that says it
wants to hire 25.) Because of their lumpy nature, the optimal level of employment
is insensitive to small shocks that affect the MRP,. However, larger shocks can
unleash sudden and dramatic employment changes, by making it worthwhile for
the firm to bear the fixed-cost element.

Evidence. Anderson (1993) empirically implements a model with linear adjust-
ment costs that stem from the experience-rating feature of the unemployment
insurance system.?’ (The experience-rating system implies that the number of
workers the firm lays off in one period affects its unemployment insurance tax
liabilities in future periods.) She finds adjustment costs dampen each firm’s re-
sponse to shocks and reduce employment variability.
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Hamermesh (1989) develops and empirically implements a model, using
monthly plant level data, that incorporates lumpy adjustment costs. His results
indicate that the assumption of fixed adjustment costs does a better job at ex-
plaining the data than the convex adjustment cost case depicted in Figure 26.4b.
Hamermesh (1992) extends his earlier analysis to encompass both lumpy and
variable adjustment costs. He estimates the model using two different data sets:
one includes observations on production workers employed in seven large plants
that were owned and run by a large manufacturing company; the other, obser-
vations on airline mechanics employed at seven trunk airlines. He finds that the
lumpy adjustment cost model appears to better characterize the manufacturing
plant data but the combined variable lumpy adjustment cost model is better for
airline mechanics.

Job-Security Provisions and Eurosclerosis

In many countries—including the United States but especially those in west-
ern Europe—employers cannot respond to adverse business conditions by
simply shedding labor at will. Instead, their discretionary powers are often lim-
ited by legal restrictions and other contractual obligations that collectively fall
under the general rubric of job security provisions. These provisions often
impose serious costs on firms whenever they attempt to release some of their
employees.?!

Examples of these sorts of provisions are not hard to find. In the United States,
the 1988 Worker Adjustment and Retraining Notification Act (WARN) requires
that firms provide workers with a 60-day advanced warning in the event of sub-
stantial layoffs or plant closings. Similarly, firms are often contractually bound to
make severance payments to those workers they lay off. Furthermore, in many
European economies, workers are often protected against unfair dismissal, and
employers must often demonstrate good cause whenever they attempt to fire
some of their workers.

To the pundit and policy maker alike the ability of job security provisions to re-
duce excessive employment volatility and lower the unemployment rate is a self-
evident truth. Yet, to economists, who are trained to think carefully about these
issues, there is much more to the matter than first meets the eye. The reason is that
the effects of job security provisions are often discussed within the context of a
simple static environment, in which a group of workers already have jobs and the
policy goal is to ensure they keep them. In this setting, promulgating legislation
that raises the costs of firing workers does reduce employment volatility, because
firms are then inclined to retain their employees during bad economic times. The
trouble with this simple story, however, is that we live in a dynamic general equi-
librium world, which means that we can’t simply ignore how workers got their
jobs in the first place! From this general perspective, it is no longer obvious that
job security provisions actually work as they are intended.
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The key insight is that an increase in the firing cost, c,, can discourage firms
from hiring workers in the first place (an increase in the hiring cost, ¢, clearly
does so). This is because firms are forward looking: they recognize that if they
hire workers in good times, then they may subsequently be forced to release them
in bad times and incur a firing cost of ¢, per worker. Hence if ¢ is sufficiently high,
employers may be reluctant to hire additional workers, which could raise the over-
all unemployment rate. In fact, in an interesting study, Bertola (1992) examines
this issue in more detail. One of his principal findings is that an increase in firing
costs, through the enactment of job security provisions, can indeed lower the av-
erage level of employment. Worked Problem 26.4 more clearly demonstrates the
mechanism in action.

Eurosclerosis. Job security provisions are endemic in the countries of western
Europe, and many observers view them as the smoking gun responsible for re-

cent lackluster economic performance and high unemployment rates. Thus

7~

Worked Problem 26.4 ]

The Possible Adverse Effects of Job Security Provisions

Problem. It is summer, and a farm intends to tempo-

crop. The strawberry collection production technol- (b) If the farm hires an additional worker, then it

ogy is y = 4800 VL, where y is the quantity collected ! must pay the wage W = $600 and anticipates incur-

(in pounds) and L the level of employment. Each i

pounds sells on a competitive market for p = $1.

(a) How many workers does the farm employ if,
over the period, the competitive wage is W = $600
and the firing cost is zero?

(b) Now suppose the government enacts job se-
curity provisions that result in the farm bearing a
firing cost of ¢, = $200 per worker when it releases

ing the same wage of W = $600, how many workers
does it now employ?

uct of labor is MRP, = 2400/ \L.

i have 600 = 2400/+/L. This implies the optimal level
rarily hire some laborers to harvest its strawberry :

of employment is Lg = 16 workers.

ring the subsequent separation cost of $200. Hence
the marginal cost of laboris MC, = W + C, = $800.

¢ Using the hint, this implies the farm’s optimal level
i of employment is 800 = 2400/, which yields

! LY = 9 workers. By making firing more costly, the

i farm hires fewer workers in the first place!

Remark. Some readers may be stunned by the fact

i that we now add the firing cost to the wage! The ex-

laborers at the end of the harvesting season. Assum-  planation is that, in this problem, the farm currently

has zero employees, so the marginal cost of labor is
i the wage plus the soon-to-be-incurred firing cost.

Hint. It can be shown that the marginal revenue prod-  Previously, we investigated the case in which a firm

i was cutting an already established workforce. In this

i setting, if it retains one more worker, then it neces-

Solution. (a) The farm’s profit-maximizing employ- | sarily fires one less: it pays the wage W, but avoids

ment levelis governed by the condition MC, = MRP, . the firing cost .
Using the hint and the fact that W= 600 = MC,, we :
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Generous unemployment benefits, restrictions on hiring and firing, . . . are thought
to have led to rigid “Eurosclerotic’—as dubbed by Giersch (1985)—economies,
which could not cope with the big shocks of the 1970s.2>

Figure 26.7 depicts the unemployment rates for selected European countries
and for the United States between 1960 and 1999.23 Notice the oil shocks, which
occurred during the 1970s, mark the turning point in the countries’ relative eco-
nomic fortunes. Prior to this point the average unemployment rate was consider-
ably lower in Europe than in the United States, but, almost without exception, we
have seen a reversal of this pattern since the 1970s.2*

In the 1960s, with a robust labor market, hiring too many workers was a mis-
take that would hurt a firm for at most a few months. This situation contrasts with
the lean European labor markers of the 1970s and 1980s, during which time the
punitive nature of firing costs made the prospect of hiring workers a very risky
proposition indeed.

Bertola (1990) has formulated an interesting model of labor demand in the
presence of adjustment costs. His main finding is that firing costs can rationalize
the dynamic employment behavior witnessed in European economies during the
1970s and 1980s. In a similar spirit, Lazear (1990) adduces evidence for 22 coun-
tries over a period of about 30 years, indicating the negative employment con-
sequences of severance pay provisions and
advanced notice legislation. How quickly do m Unemployment Rates: 1960-2000
employment levels respond to shocks?

According to the basic adjustment cost %
model, the rate of employment adjustment
varies with the stringency of job security
provisions. Burgess, Knetter, and Michelacci

France
Germany
Spain m—

United States

24

(2000) provide a disaggregated analysis 20
of the issues by looking across countries 18
and across certain industries within each 16

of these countries. Their findings indicate T
(i) there are dramatic differences in adjust-
ment speeds among industries and (ii) the
speed of adjustment is (negatively) related
to the extent of job security provisions in the
economies in question.?

Despite the compelling arguments that
job security provisions can have the unin-
tended consequences of reducing employ-

s . | | | | I I I
ment and stymieing economic growth, 1960 1965 1970 1975 1980 1985 1990 1995

introducing the necessary economic reforms
is no simple political matter.
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TAKE-HOME MESSAGE 26.4

« Adjustment costs are incurred whenever a firm hires or releases workers.

o Internal adjustment costs refer to the loss in output that results from
dislocations to the normal workflow as the firm changes its employment
level. External adjustment costs refer to pecuniary costs that are incurred
in the adjustment process.

« One of the central findings of the adjustment cost literature is that these
costs tend to reduce employment volatility.

« The way a firm responds to a given shock that affects its optimal employ-
ment level depends on its adjustment cost structure. In the case of convex

adjustment costs, firms are predicted to smoothly adjust their employ-
ment levels over time; in the case of linear or lumpy adjustment costs,
firms may respond to small shocks with rapid and large-scale employment

changes.

o Job security provisions are an important category of adjustment costs.
They refer to legal restrictions and contractual agreements that make it
difficult for employers to release workers. Somewhat paradoxically, they
can discourage employers from hiring workers and increase the unem-

ployment rate.

SUMMARY

The long-run demands for labor and capital
are governed by the equal-bang-for-the-buck
condition:

MP, /W=MP,/R

where MP/input price equals the extra output
the firm can produce if it spends another dollar
on that input. Intuitively, this expression prop-
erly weighs both the price and productivity of
the input.

In the long run, the firm responds to an in-
crease in the price of an input by cutting back
its output level, thus demanding less capital
and less labor (the scale effect), and by switch-
ing its production technique to take advantage

of the relatively cheaper input (the substitu-
tion effect).

The long-run demand for labor schedule is
downward sloping. Following a decline in the
wage, both the substitution and scale effects
work in harmony, which results in an unambig-
uous increase in the firm’s demand for labor.

According to the Le Chatelier-Braun principle,
the response to a given wage change is greater
in the long run than in the short run.

The Hicks-Marshall conditions offer pre-
dictions about the magnitude of the labor-
demand elasticity. They assert (ceteris paribus)
labor demand is most inelastic if any of the
following conditions hold:



o HM1 It is difficult to substitute labor for
other factors of production.

« HM2 Product demand is inelastic.

« HMS3 The supply of capital (and other fac-
tors) is inelastic.

« HM4 The cost of labor represents a small
share of the firm’s total costs.

Union power is predicted to increase follow-
ing any change that renders the demand for
their labor more inelastic.

Firms face an assortment of adjustment costs
as they vary their employment levels. Inter-
nal adjustment costs refer to those that arise
because of disruptions in the regular flow of
production. External adjustment costs are pe-
cuniary costs that arise independently of the
production process.

If a firm’s adjustment costs are convex, then
it is predicted to smoothly alter its employ-

Review Questions 27

ment levels in response to demand shocks. If
its adjustment costs are linear or lumpy, then
it may respond to shocks with substantial and
sudden employment shifts.

Job security provisions are an important class
of adjustment costs. For instance, WARN re-
quires that (many) employers provide workers
with 60 days advance notice of mass layoffs. In
many European economies, workers are often
protected against unfair dismissal, and em-
ployers often have to demonstrate good cause
for firing a worker.

Job security provisions can actually reduce the
employment levels. Some observers regard
them as the primary culprit responsible for the
high rates of unemployment seen in Europe
since the 1970s.

KEY CONCEPTS

the short vs. the long run

the input vs. output approach
equal-bang-for-the-buck condition
scale and substitution effects

gross vs. net substitutes and
complements

Le Chételier-Braun principle
Luddites
child labor

multiple equilibria

Hicks-Marshall laws
general equilibrium
indirect vs. direct effect
adjustment costs:

1. internal vs. external
2. symmetric vs. asymmetric
3. linear vs. convex vs. lumpy

labor churning
job security provisions

Eurosclerosis

REVIEW QUESTIONS

R1. What is the primary distinction between the
short and the long run as it pertains to the firm’s

demand for labor?

scale effects.

isoquant

marginal rate of technical
substitution (MRTYS)

isocost

cost minimization
output expansion path
normal input

perfect complements and
substitutes

R2. What is the equal-bang-for-the-buck condition?
R3. Explain what is meant by the substitution and
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R4. How does the long-run demand for labor sched-
ule differ from the short-run demand schedule?

R5. What are the Hicks-Marshall conditions?

R6. What are meant by linear adjustment costs?

PROBLEMS

P1. The rapid decline in the price of computers
increased the demand for skilled labor workers and
reduced the demand for unskilled workers. What
does this say about the relationship between capital
(i.e., computers) for these two worker groups?

P2. Let Wand MP, denote the wage and the marginal
product of labor. Likewise, let R and MP,, denote the
corresponding price, and marginal product of capital.
What condition determines the optimal choices of
these inputs?

P3. College-trained workers generate annual reve-
nues of $100K, per person at a particular firm. They
are expensive though: their going wage is $75K per
annum. Because of this, the firm is contemplating
recruiting much cheaper high-school graduates.
Their staring wage is only $16K per worker, but
they each generate revenues of $20K. Should the
firm hire college-trained workers or high-school
graduates?

P4. It is common for U.S. trade unions to be inter-
ested in the internal politics of foreign countries, such
as in their working conditions and their environmen-
tal laws. What economic motive could explain why,
for example, the United Steelworkers (USW) might

NOTES

1. The Le Chatelier-Braun principle was first
observed in chemical systems. It was introduced
into economics by Paul Samuelson in 1949. See
en.wikipedia.org/wiki/Le_Chatelier’s_principle.

R?. Give some examples of job security provisions.

R8. What is an isoquant, and what is meant by the
marginal rate of technical substitution?

RY. What is an isocost line?

lobby Congress to pass legislation that limits imports
from less environmentally friendly countries?

P5. A firm faces linear adjustment costs. The facts are
as follows: W= $40, c,, = $10,and MRP, = 1100 - 2L.
How does the firm respond if, initially, L) = 4752
What about if L = 524?

P6. It is the holiday season, and a firm intends to
temporarily open a plant to produce red plastic
reindeer noses for the next six weeks (the reader is
invited to think of his or her own examples). The na-
sal production technology is y = 2400 v/L, where y is
the quantity of noses and L the level of employment.
Each nose sells on a competitive market for p = $4.

(2) How many workers does the firm employ if, over
the period, the competitive wage is W = $600 and
both the firing and hiring costs are zero?

(b) Now suppose the government enacts job security
provisions that result in the firm bearing a firing cost
of ¢, = $100 per worker when it closes the plant at
the end of the season. Assuming the wage of

W = $300, how many workers does it now employ?

Hint. It can be shown that the marginal revenue prod-
uct of labor is MRP, = 4800/+/L.

2. Sources: Tauman, Yair, and Yoram Weiss (1987)
pp- 477-501; Dowrick, Steve, and Barbara J.
Spencer (1994) pp. 316-344.

3. International Labor Organization Report (2002).



4. Tuttle (1999). 21. Bertola (1999) pp. 2985-3024, offers a recent

S. Basu (1999) pp. 1083-1119.

6. Other policies include Harkin’s Bill (1997),
which seeks to discourage the use of child labor
by banning the import of goods that have been
produced using it into the United States.

7.Ray (2000) pp. 3-19.
8. Basu (2000) pp. C50-61.

9. The conditions are named after the renowned
British economists John Hicks and Alfred
Marshall.

10. A more rigorous account of the laws is contained

in Hamermesh (1993).
11. Hamermesh (1993) p. 135.
12. Hamermesh (1993) p. 96.
13. Carruth, and Oswald (1985) pp. 1003-1020.

14. For example, in 2000 the UAW lobbied
vigorously against the government’s desire to
formalize trade relations with China.

15. The Associated Press, Nov. 12, 2004.

16. The seminal paper is by Oi (1962) pp. 538-555.
Oi stressed that labor should properly be viewed

as a quasi-fixed factor of production, in recogni-

tion of the fact that employment can be adjusted

in the short run but doing so is costly. Nickell
(1986); and Hamermesh (1993) provide
comprehensive surveys of the dynamic of labor-
demand literature.

17. Treadway (1971) pp. 845-855.

18. See Hamermesh (1993) p. 208; and the references

cited therein. Barron, Bishop, and Dunkelberg
(198S) pp. 43-52, estimate that employers

spend over 40 hours training new recruits during

the first month of employment; Hamermesh
(1993); Hamermesh (1996) pp. 1264-1292,
provide a valuable survey of the literature.

19. The evidence indicates that this is the case in
practice. See Hamermesh (1996) p. 1268.

20. Anderson (1993) pp. 1015-1042.

survey of the theoretical implications of job
security provisions. See also Bertola (1992)
pp- 389-411.

22. Bentolila and Bertola (1990) pp. 381-402.
23. See Van Der Horst (2003).
24. Siebert (1997) pp. 37-54; Nickell (1997)

pp- 5574, provide highly accessible surveys con-
cerning the causes of European unemployment.

2S. Burgess, Knetter, and Michelacci (2000)

pp- 419-43S.

26. The it can be shown part of the claim is not dif-

ficult to verify. Let Ay, AK, and AL denote small
changes in output, capital, and labor. Using the
definitions of the MP, and the MP,, we have
Ay=MP, - AK+ MP, - AL. The trick is noting
that along a given isoquant, Ay = 0, which
implies 0 = MP, - AK + MP, - AL. Rearrange-
ment for AK/AL yields the desired result.

27. In other words, with only two inputs, capital and

28.

29.

labor must be net substitutes (i.e., holding fixed
the firm’s output level, a reduction in the wage
lowers the demand for capital and raises the de-
mand for labor). This is not necessarily the case
in more complicated settings, involving three or
more inputs.

These L-shaped isoquants are characteristic

of a Leontief production technology, which

was named after its originator Wassily Leontief
(winner of the 1973 Nobel Prize in economics).

Although suggestive and helpful for building
intuition, the example suffers from an unfortu-
nate fatal weakness. While it is true that every
bus needs a driver, buses are manufactured in an
assortment of different sizes. Hence the bus com-
pany can increase its carrying capacity by substi-
tuting toward larger buses (i.e., by substituting
toward capital), even if it holds the number of
bus drivers constant.
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Appendix 26.A The Output Approach

In this chapter, and in Section 26.1 in particular, we characterized the firm’s op-
timal behavior using what we termed the input approach. This approach is both
direct and relatively simple. In this appendix, we shall characterize its long-run
behavior using the alternative output approach. Although it is a little more com-
plicated, it does provide considerably deeper insights into the economic forces
that drive the firm’s behavior. But what is the output approach?

The Basic Principle. The starting point for the output approach is to pick any
target level of output, y > 0, and to (temporarily) treat it as exogenously given. It
follows that, given this constraint, if the manager wants to maximize his employ-
er’s profits, I'T, then he must choose K and L to minimize the costs of producing y,
since the firm’s revenues are also (temporarily) fixed at p - y. If we let C(y) denote
the minimum cost of producing y, then the firm’s profits can written:

(y) =p-y-C(y) (26.9)

where the notation I1(y) shows the dependence of IT on the proposed target
level of output, y. It follows from Equation 26.9 that the manager’s problem now
just boils down to discovering the particular level of output, y*, that maximizes
the firm’s profits—hence the designation: “the output approach.” In summary, the
output approach requires that we carry out the following two steps:

Step 1: Cost Minimization. Determine the input choices that minimize the
total costs, C(y), of producing the target level of output y.

Step 2: Profit Maximization. Find the profit-maximizing level of output, y*.

Step 1: Cost Minimization

The manager’s goal is to minimize the total costs of producing the given target
level of output y. It is clear that in order for him to do this, he must know (a) the
particular input combinations, (K, L) that he can call on to attain the target, y, and
(b) the costs associated with each of them. These two observations set the stage
for the present discussion.

Production Isoquants. In Chapter 3 (see, in particular, the discussion on
page 63) fleeting reference was made to the concept of a production isoquant.
Iso means “equal,” and quant is short for “quantity” Therefore, an isoquant is the
locus of input combinations that result in the production of an equal quantity of
output.

Figure 3.1 used a 3D setting to depict the isoquant corresponding to the par-
ticular output level y,. Figure 26.8 depicts the same isoquant y,—corresponding
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AL SR An Isoquant Map

to say 100 pizzas—usinga simpler 2D frame-
work. In essence, the figure is derived from
Figure 3.1 by pulling out the curve shown
there and pasting it into Figure 26.8. Also
shown is an assortment of other isoquants
that correspond to the different output lev-
elsy =50,y =150 and y, = 200 pizzas.
Figure 26.8 is called an isoquant map, and it
compactly summarizes the essential features
of the firm’s production technology.
Isoquant maps possess several properties
that stem from the fact that they are derived
Yo from an underlying 3D function like the one

200

shown in Figure 3.1. If in doubt, go back to
that figure, and it should be easy to see why

the following properties must hold:

Isoquants do not cross. (How could they? They are derived from different
horizontal slices of Figure 3.1.)

The level of output, y, increases in the direction of the arrow pointing in the
NE direction. (Capital and labor are productive inputs, so the more the mer-
rier.)

An isoquant passes through each and every point shown in Figure 26.8. (Only
a handful are ever depicted in the interests of clarity, so, for example, the one
passing through point E has been suppressed.)

Isoquants are negatively sloped and convex to the origin. (The negative slope is
apparent, and the convexity property reflects the fact that any chord connect-
ing two points, such as A and C, on a given isoquant lies above the curve.)

The defining feature of a given isoquant is that it represents the locus of

inputs that can be used to produce a particular quantity of output. As shown, the

K
150
50 100
K
Kol
.E
|
Ly
Tip!
It is common in economics
to use the subscripts . . . -1,

0,1,2,... to label different
curves. The convention is that

a higher label corresponds to a

larger value of the variable, so
yl > Y() > y, 1°

...............................

.

firm can produce y, = 100 pizzas using the input combinations A(L, K ), or
C(L,, K,), or any other input combination that lies on the curve y,. In fact,
the negative slope of each isoquant reflects the firm’s ability to substitute be-
tween capital and labor. Hence, starting from point A = (LO, Ko) , if the firm
reduces its employment level to L , it can still produce y, units of output
provided it compensates for the decline by increasing its capital stock to K|
(as shown at point C).

Isoquants are convex because, from the perspective of production, av-
erages are better than extremes. Thus, while the firm can produce y  units
of output if it uses either the input combinations A(K,, L) or C(K, L)),
it can produce the greater level of output y, > y, if it uses the “average”
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input combination shown at point D. The convexity property also means that
the slope of a given isoquant changes as we move along it. With reference to
the isoquant y,, the slope is steep (in absolute value) at point C and relatively
flat at point A. Intuitively, this reflects the relative scarcities of capital and labor.
For example, at point C capital is abundant but labor is scarce. Therefore, if the
firm increases its labor by a unit, then it can shed lots of capital while maintain-
ing its output level constant at y, (which is just another way of saying the slope
is steep). Similar, but opposite, remarks apply for point A, where capital is the
relatively scarce factor.

An isoquant’s slope encodes valuable economic information about the firm’s
production technology. In fact, the slope is so important that economists have a
special name for it: the absolute value (i.e., positive part) of the slope is called the
marginal rate of technical substitution of capital for labor—MRTS for short.
The MRTS is measured in terms of machine hours per labor hour. For example,
suppose that at point A, MRTS = 20 (machine hours per labor hour). This indi-
cates that if the firm hires one less labor hour, then it must increase its employ-
ment of capital by 20 machine hours in order to still produce y, units of output. It
can be shown that:*®

MRTS=~(AK/AL)y, = MP,/MP, > 0 (26.10)

where (AK/AL)y, is the slope of the particular isoquant y,, MP, is the marginal
product of capital, and MP, the marginal product of labor.

Equation 26.10 is valuable because it links the isoquant’s slope to the marginal
products of labor and capital. Remember, because of the law of diminishing mar-
ginal returns, the MP, declines as L rises, and the MP, declines as K rises—all else
equal. Heuristically, at point C capital is plentiful (so the MP, is small) and labor
is scarce (so the MP, is large). But, in Equation 26.10, alarge number divided by a
small one is still a large number, so the MRTS is large (and the isoquant is steep).
Similar but opposite considerations apply to point A, where, this time, labor is the
abundant factor, and the slope of the isoquant is relatively flat.

Isocost Lines. As the name perhaps already suggests (iso = “equal” and cost =
“cost”) isocost means “equal cost” In this context, an isocost line (or curve)
describes the locus of equally costly capital and labor input combinations (or
bundles, as they are sometimes called). Figure 26.9a depicts a family of isocost
lines. For example, the line C; represents the locus of K, L bundles that cost the
firm exactly C dollars. Note that the isocost lines are parallel and that the firm’s
total costs decrease in the direction indicated by the arrow, implying C, < C,.
As we will now see, none of these facts should, however, be the cause for much
surprise.
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m A Family of Isocost Lines

Ci/Re.

Co/RY

(a) Isocost Map (b) A Reduction in the Wage

Both isocost lines
are associated

with the same
total costs G,

Panel (a) depicts a family of isocost lines. Each of the lines is parallel, and total costs decline in the direction indicated by
the arrow. Panel (b) depicts the effects on a particular isocost line of a reduction in the wage rate. Notice that the effect is
that the isocost line pivots outward around point P.

CiW  CiW L 0 Co/ W, Cof W, L

By definition, the firm’s total costs are C = wL + RK. If we treat C as given and
solve for K, the result is the general equation for an isocost line,

K=(C/R)-(W/R)-L (26.11)

This equation determines the number of machine hours the firm can afford to
hire given its total costs are C and given it hires L labor hours. The reader may
recognize it as the equation of a straight line that has a slope of —(W/R), a vertical
intercept of (C/R), and a horizontal intercept of (C/W). The fact that all of the
isocost lines have the same slope, —(W/R), explains why the isocost map depicted
in Figure 26.9b consists of a series of parallel straight lines.

The vertical intercept, C/R, equals the maximum amount of capital the firm
can afford to hire given the rental price, R, and its willingness to spend $C. Simi-
larly, the horizontal intercept, C/W, equals the maximum amount of labor the
firm can hire given Wand C. Clearly, the maximum amount of labor or capital the
firm can afford increases with the amount it is willing to spend, which explains
why C,/W> C,/Wand C,/R > C,/R

Finally, Figure 26.10b shows that a ceteris paribus reduction in the wage, from
W, to W, causes the isocost line C, to pivot outward around point P, thus becom-
ing shallower in absolute value. The vertical intercept, C /R, equals the maximum
amount of capital the firm can hire given C, and R. Consequently, point P does
not budge—and the isocost line pivots—because C /R does not depend on W.
However, given C, the firm can afford to hire more labor as the wage declines,
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C,/W, > C,/W,, which explains the out- m ._..
ward shift. Cost Minimization

K
Output-expansion
path

The Cost-Minimizing Input Bundle. We
now have all of the ingredients required to
determine the cost-minimizing technique of
producing any target level of output, y. The CyR
key to our success is to remember, as shown
in Figure 26.94, that the firm’s total costs are
lowest when it selects input bundles that lie
as close as possible to the origin. K

Figure 26.10 explains the basic princi-
ples. To begin with, let us suppose that the
manager’s goal is to minimize the costs of

c/R|.S

producing the particular target level of out- 0 l
put y,. As shown, the isoquant labeled y, cir-

cumscribes the locus of input combinations,
K,L, that he can call on to meet his production target. Nevertheless, these combi-
nations differ in their costs, and the manager’s goal is to determine the particular
one that minimizes them.

Suppose that the manager selects the input bundle labeled I, which lies on the
isocost line C_|. The firm’s total costs C_| are relatively low because this isocost
line is close to the origin. The snag, however, is that if the manager chooses this
input bundle, then he will fail to meet his production target: point I does not lie
on the desired isoquant y,. Indeed, it is clear that all of the input combinations
that lie along the isocost line C_| must then be excluded on these grounds. Now
suppose that he picks point F. This option is feasible because it does at least lie on
the requisite isoquant y,. Nevertheless, it is not optimal, in the sense of minimiz-
ing the firm’s costs. To see why, notice point Q is also feasible and it is less costly:
C, < C,. In fact it is relatively easy to see that point Q—with the associated input
levels K and Lj—represents the optimal cost-minimizing choice. Any lower-cost
input combination (such as I) is infeasible, and any other feasible combination
(such as point F) is more costly.

The cost-minimizing input bundle, Q, is located at the point of tangency
between the isoquant, y,, and the isocost line, C,, so both curves touch and
share the same slope. In fact, after running through essentially the same steps,
the cost-minimizing input choices associated with any given target output level y
necessarily occurs at the point of tangency between the relevant isoquant and an
isocost line.

For example, the least-cost method of producing y, is located at point R in the
figure, and the least-cost method of producing y, at point S. Holding fixed the
input prices W and R, the output-expansion path, XX, traces out the locus of
tangency points (and hence the cost-minimizing input bundles) associated with
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each level of output y. Under the plausible assumption that capital and labor are
normal inputs, which means the firm demands more of them following a ceteris
paribus increase in its output, the slope of the output-expansion path, XX, is nec-
essarily positive.

The slope of a given isoquant is -MP, /MP, (Equation 26.10), and the slope of
an isocost line is —(W/R) (Equation 26.11). Along the output-expansion path the
two slopes are equal. Canceling the minus signs, this implies W/R = MP, /MP,,
which can be rearranged as:

MP,/W = MP/R (26.12)

But this is the equal-bang-for-the-buck condition we derived when we studied
the input approach—see Equation 26.3. In other words, this condition is really
telling us that the profit-maximizing firm optimally chooses its input levels in the
most cost-effective manner. Worked Problem 26.5 shows how to find the firm’s
cost-minimizing input bundle and characterize its properties.

The Cost Function. At a given point of tangency between an isoquant and an
isocost line, the two curves not only share the same slope but they also touch. For
example, point Q lies on the isocost line C. Hence the minimum cost of produc-
ing y, units of output, denoted by C(y,), is C(y,) = C,. Likewise, the lowest-cost

Worked Problem 26.5 ]

Determining the Cost-minimizing Input Bundle

Problem. A particular firm possesses the production | result, y = 100, and the production function implies

function y = VK -+L. 100 = +/(W/R) - L. Rearranging and solving for L

(a) What is the least cost method for it to produce gives the optimal (*) solution: L* = 100 -/ (R/W).

100 units of output if W= $64 and R = $42 Finally, using this result and K = (W/R) - L yields
‘ . . i K*=100-~/(W/R).

(b) What happens if the rental price of capital in- i

creases to R = $16? i () By using the above solutions for the cost-

minimizing inputs, it follows that if W= $64 and
Hint. It can be shown, MP, = 0.5 VL/vVK and i R=$4,thenL}=100-+/(1/16) =25and K} =

MP, =0.5K /L.

{ 100 - V16 = 400. The firm’s total costs are,

Solution. The cost-minimizing input bundle is lo- C,=400(4) +25 - (64) = $3200.

cated at the point of tangency between the particu- :

(b) If the price of capital increases to R = $16, then

lar isoquant y = 100 and the lowest possible isocost L}=100+/16/64 =50 and K} = 100 \4 = 200. By
line. At this point, both lines share the same slope, :
so W/R = MRTS. Using Equation 26.10 and the
hint, it then follows MRTS = MP,/MP, = K/L = i

W/R. Solving for K yields K = (W/R) - L. Using this

comparing the findings in (a) and (b), notice that
the firm responds to the increase in R by substitut-
ing toward labor and away from the more expensive
capital. Its total costs also increase: C, = $6400.
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method of producin: is located at point R in the fig-
producing y, P S CETTEZXTN The Optimal Output Level
$

ure, and it is associated with a total cost of C(y,) = C,.

Together, these considerations allow us to derive
the firm’s cost function, denoted C(y), which deter- Decrease in
mines the minimum total cost of producing any given Worin &
output level y. Some of the major properties of the cost e
function, C(y), are obvious enough straight off the bat.
In particular, C(0) = 0 because a nonexistent phantom 10 A
firm, which produces nothing at all, obviously incurs
no costs. Moreover, the firm’s total costs, C(y), in- \
crease with y because the firm must pay for the extra
inputs that are required to produce the greater level of
output. 0

The reader may recall that marginal cost, denoted
MC(y), equals the increase in the firm’s total costs fol-
lowing a unit increase in its output. More specifically, let Ay denote a small change
in output and let AC denote the resulting change in the firm’s total costs, then
marginal cost is defined by MC(y) = AC/Ay.

Figure 26.11 depicts the hypothetical marginal cost schedule, MC(y),, that
is pertinent to, say, Betsy’s pizza business. (For the moment, disregard the other
lines and curves in the figure.) As shown at point 4, if she produces y = 200 piz-
zas, then MC(y), = $10 per pizza. This says that if she makes another pizza (for
a grand total of 201) then her costs would increase by $10. Notice that her firm’s
marginal costs are not only positive, but they are also assumed to increase with the
level of output y. The fact that they are positive tells us that her firm’s total produc-
tion costs increase with y. The positive slope of the MC(y),, curve tells us more:
it is increasingly difficult and costly for her firm to produce greater and greater
quantities of output.

It is readily seen why this assumption is plausible in the case of her pizza parlor
and by extension why it is plausible for many other businesses as well. Imagine
that Betsy’s managerial talents are well suited to running a small restaurant that
produces 200 pizzas a day but not to running a larger one that produces 400 a
day. At point A, she is in her managerial comfort zone and her marginal costs are
only MC(200), = $10 per pizza. Matters are, however, quite different at point B
because her lack of experience potentially results in her making many poor deci-
sions (and here one has to think only of a daily assortment of either burnt or un-
dercooked pizzas). The resulting waste explains the much higher marginal cost of
MC(400), = $15 per pizza and, in turn, the higher marginal cost accounts for the
positive slope of the MC(y)  schedule.

Finally, Figure 26.11 depicts the effects of a reduction in either the wage, W, or
the rental price of capital, R, on her firm’s marginal costs, which causes the marginal-
cost curve to shift rightward from MC_ to MC,. This indicates that a reduction in
one or more input prices translates into lower total and marginal costs.

MC(y)o

200 400 500 y
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Step 2: Profit Maximization

As shown on page 31, by using the cost function C(y), the firm’s profits can be
written I1(y) = py — C(y). It follows that the manager’s problem boils down just to
discovering the output level, denoted y*, that maximizes them. This endeavor is
straightforward if he uses the one-step-at-a-time principle discussed in Chapter 3.
Major Result 26.5 summarizes the key condition that governs the firm’s optimal
behavior, and the explanation and interpretation follow.

MAJOR RESULT 26.5
The Output Approach

The optimal profit-maximizing level of output, y*, is governed by:
p=MC (y*) (26.13)

By definition marginal revenue, MR, equals the increase in the firm’s revenues
following the production and sale of an additional unit of output. Under competi-
tive conditions, MR = p because the firm is a price taker and consequently each
additional sale increases its revenues by precisely $p. Viewed in this light, Equa-
tion 26.13 simply says that the optimal level of output, y*, is governed by the per-
haps already familiar condition that marginal revenue must equal marginal cost.

To better understand this result, suppose Betsy’s marginal costs are given by
the curve MC(y), in Figure 26.11 and that she is currently producing, say, 400 piz-
zas a day. Another quick glance at the figure shows $10 = p, < MC (400) = $15.
However, under these circumstances, if she takes a single step and reduces her
output by one pizza, then she can increase her profits by $(15 — S) > 0. This im-
plies producing 400 pizzas cannot be optimal because the maximum cannot be
improved on. In other words, the condition p — MC(y) # 0 is akin to a green light
that tells her to keep adjusting her output level because opportunities still remain
for her to increase the profits. In contrast, the condition p - MC(y) = 0 is a red
light that tells her to stop adjusting her output level because there is no further
chance for improvement.

In Figure 26.11, the firm’s initial optimal choice is located at the intersection
point, A, which implies its profit-maximizing output level is yJ = 200 pizzas. The
figure also depicts the effects of a decrease in the wage (or the rental price of
capital), which shifts the firm’s marginal-cost curve rightward to MC,. The new
intersection point is located at C, indicating that it is now optimal for it to produce
¥} = 500 pizzas. Hence a reduction in one or more input price leads to an unam-
biguous increase in the firm’s profit-maximizing level of output.

The Long-Run Demand for Labor

With a commendable display of persistence, let us now examine how the two steps
described above can be used to shed light on the nature of the firm’s long-run
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demand for labor. To this end, Figure 26.12
The Effects of a Reduction in the Wage

shows how a firm optimally responds to a re-

duction in the wage, from W,to W,. K
Giventheinitialwage, W, the firm’s profit-
maximizing level of output is y5. The initial

cost-minimizing input bundle is located at
point E: the point of tangency between the
isoquant y3 and the isocost line C. Hence,
given W, the firm’s optimal behavior is de-
scribed by the following facts: it produces y;
units of output, it demands L} labor hours,
and it demands K3 capital hours.

The reduction in the wage from W to W,
lowers the firm’s marginal costs, which en- 0
courages it to expand its profit-maximizing
output level from y? to y} (see Figure 26.11
and the associated discussion). Moreover, it
causes each of the isocost lines to become shallower in absolute value, which can
be seen by comparing the slopes of the two isocost lines. The result is that the
optimal cost-minimizing input bundle shifts from point E to point F—the point
of tangency between the new target isoquant y} and the shallower isocost line
C,. Hence the firm responds to the wage cut by demanding more labor (L} > L)
and more capital (K} > K*). This finding indicates that the firm’s long-run labor-
demand curve is negatively sloped. It also suggests that labor and capital are gross
complements because a reduction in the wage increases the demand for labor and
capital.

Yet, before we all reach for our celebratory party hats and kazoos, we had better
check that these findings are robust, in the sense they extend beyond the particular
firm depicted in Figure 26.12. On this score, point G sends an apparently ominous
warning sign. Think of the isoquant y}” as belonging to a different firm that shares
the same initial isoquant y*". Notice that this isoquant is perfectly respectable (in
the sense that it satisfies all of the properties laid out on page 32) but that the point
of tangency, G, is located on the isocost line C, below K7. Hence, as far as this
firm is concerned, capital and labor are gross substitutes: a reduction in the wage
increases its demand for labor but lowers its demand for capital. (Remember:
Complements go together and substitutes go in opposite directions.)

.....................................

Tip!
Don't forget that following the
reduction in the wage, the op-

The Scale and Substitution Effects simal level of output increases.

To claim that a reduction in the wage might induce a firm to hire more capi- i Hence the isocost line both
tal, less capital, or, for that matter, even the same amount of capital would i pivots and shifts outward.
appear to claim little at all. Fortunately, however, this is not the case because
the underlying reasons for the theoretical ambiguity are of fundamental
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importance, and economic theory allows us to say something sensible about
them. More specifically, the reduction in the wage unleashes the following two
major economic forces:

The Scale Effect. Holding constant the wage at its initial value, W, the ex-
pansion in output from y} to y} encourages the firm to hire more labor and
more capital (at least under the plausible assumption that these two inputs are
normal).

The Substitution Effect. Holding constant the level of output at its new value,
v}, the reduction in the relative price of labor (and associated increase in the
relative price of capital) encourages the firm to switch to the less costly alterna-
tive and so hire more labor and less capital.

Major Result 26.6 summarizes the main implications of these findings for the
firm’s optimal long-run behavior.

MAJOR RESULT 26.6
The Firm’s Long-Run Behavior

Following a reduction in the wage:

(a) There is an unambiguous increase in the long-run demand for labor because
the scale and substitution effects work in harmony.

(b) If the scale effect dominates the substitution effect, then the firm’s demand
for capital also increases, which implies capital and labor are gross complements.

(c) If the substitution effect dominates the scale effect, then the firm’s demand
for capital decreases, which implies labor and capital are gross substitutes.

The Scale and Substitution Effects: A Graphical Approach. Figure 26.13 re-
produces the main facts presented in Figure 26.12 so as to provide a graphical
depiction of the scale and substitution effects. The figure conveys the following
message: in the journey that takes the firm from its point of embarkation, E, to its
final destination, F, the figure shows it stopping off at a point of interest Q. The
trick is that we have arranged its travel plans so that the journey from E — Q cap-
tures the scale effect, and the continuation Q — F the substitution effect.

Bearing this travel itinerary in mind, suppose that the wage remains unchanged
at W, but that the firm expands its output level from y7 to its new optimal level 7.
Given the initial wage I and the price of capital R, the least-cost method of pro-
ducing y} is located at the point Q in the figure: the point of tangency between the
new destination isoquant and the isocost line SS, which is parallel to the original
C,- Notice that point Q necessarily lies on the positively sloped output-expansion
path XX because the expansion path traces out all such tangency points. It follows
that, along this leg of the journey, there is an unambiguous increase in the firm’s de-
mand for capital and labor: K¥ > K and L} > L7, where sc stands for scale effect.
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The figure captures scale and
substitution effects resulting from the
reduction in the wage from W, to W,.
The firm initially produces y} units of
output, and its optimal input bundle is
located at the tangency point E. After
the decrease in the wage, its optimal
output level increases to y}, and its cost-
minimizing input bundle shifts to F.

The scale effect (sc) is captured by
the movement from E to Q. Itisolates the
impact of the increase in output on the
firm’s input demands—at the initial input
prices. Notice the new cost-minimizing
bundle lies on the positively sloped
output-expansion path XX, so the scale
effectleads to an unambiguous increase
in the demand for labor and capital.

The substitution effect is captured
by the movement from point Q to F. It
isolates the impact of the relative change
in input prices on the firm’s behavior.
Because isoquants are negatively sloped,

the substitution effect leads to an
increase in the firm’s demand for labor
and reduction in its demand for capital.

For the second stage of the journey, imagine that the firm begins at point Q and

that the wage is gradually lowered from W to W,—while all the time its output
is held constant at y}. This change causes the isocost line to swivel around the
isoquant y} from SS to C,, and the cost-minimizing input bundle to shift from its
temporary resting stop Q to its final destination F.

Clearly there is no scale effect: the level of output is the same before and after
the change. Instead, the movement from point Q to F captures the substitution
effect and thus isolates the firm’s response to the relative increase in the price of
capital (or, equivalently, the relative reduction in the price of labor). The fact that
the firm’s production isoquants are negatively sloped implies that the tangency
point, F, must lie to the left of point Q. Consequently, the substitution effect re-
sults in an unambiguous increase in the firm’s demand for labor and decrease in its
demand for capital: K* > K¥and L} > L%

Together, the scale and substitution effects explain why a decrease in the wage
unambiguously increases the firm’s demand for labor but has a theoretically am-
biguous influence on its demand for capital. Thus, as far as labor is concerned, the
two effects work in harmony: the journey from E to Q (scale) and the continuation
from Q to F (substitution) both raise the firm’s demand for labor. In contrast, the
scale and substitution effects have a conflicting effect on the firm’s demand for
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capital: the scale effect, E — Q, encourages it to hire more capital, but the substi-
tution effect, Q — F, encourages it to hire less. The outcome of this battle deter-
mines whether it ultimately hires more capital (point F) or less (point G), and
thus whether capital and labor are gross complements or gross substitutes.

The Magnitude of the Substitution Effect

The magnitude of the substitution effect plays a central role in shaping a firm’s
optimal long-run behavior. It clearly influences how much the firm’s demand for
labor responds to a given change in the wage because the response itself equals
the scale effect plus the substitution effect. Moreover, it is instrumental in de-
termining whether capital and labor are gross substitutes or complements in
production.

As we shall now see, the size of the substitution effect is related to certain fun-
damental characteristics of the firm’s production technology. Figure 26.14 is used
to explain the basic principles: it depicts three very different isoquant maps that
correspond to three very different technologies.

Each of the three panels of Figure 26.14 depict the substitution effect resulting
from a reduction in the wage. Below, we will discuss each case in turn.

The Standard Case (Regular Isoquants). Figure 26.14a requires little
comment. It is basically a stripped down version of Figure 26.13, in which
an assortment of details have been suppressed. The isoquants have a regular
shape and the substitution effect, induced by the reduction in the wage, is
captured by the shift in the lowest-cost input bundle from point F to its final
destination Q.

Perfect Substitutes. The isoquant map shown in Figure 26.14b is noteworthy
because it consists of a series of negatively sloped straight lines. One conse-

m The Size of the Substitution Effect Depends on the Curvature of the Firm’s Isoquants

(@) Regular Isoquants (b) Perfect Substitutes (c) Perfect Complements
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quence of this is that the firm can produce y} using exclusively capital (point
F), labor (point Q), or any mixture of the two that lies along the isoquant FQ.

Prior to the reduction in the wage, the least-cost method of producing y7 is lo-
cated at point Fin the figure (why?). The reduction in the wage causes the isocost
lines to become shallower in absolute value. The cost-minimizing input bundle
jumps from point F to point Q which, in turn, unleashes a massive substitution
effect that is captured by the dashed arrow. In deference to the huge size of the
effect—it could not be any larger—Ilabor and capital are called perfect substitutes.

Generically, two inputs are perfect substitutes only if they are essentially iden-
tical. (For this reason it is unlikely that capital and labor would ever be perfect
substitutes because they are so fundamentally different in kind.) For example,
suppose that a firm uses steel rolls in its manufacturing process, and it purchases
K square meters of steel from one supplier and L square yards of (identical) steel
from another. It is easy to see that, in this case, K and L would in fact be perfect
substitutes because all the firm really cares about is the total quantity of steel mea-
sured in a common unit.

Perfect Complements. At first glance, Figure 26.14c¢ is quite startling because
the isoquants are L-shaped.?® It follows from their shape that an increase in
capital or labor alone has no effect whatsoever on the firm’s output. Instead, the
firm can raise its output level only if it simultaneously employs more of both
inputs.

Once again, prior to the reduction in the wage, the least-cost method of produc-
ing y7 is located at point Q in the figure—remember the firm is trying to get the
isocost line SS as close to the origin as possible while maintaining contact with the
isoquant. After the reduction in the wage, the isocost lines become shallower in ab-
solute value (which can be seen by comparing the slopes of the isocost lines SS and
C,). Nevertheless, it is easy to see that the least-cost method of producing y} does
not budge at all following the change. This implies that Q = F and that the substi-
tution effect is zero. In a pleasantly suggestive way, capital and labor are termed
perfect complements because of the complete absence of the substitution effect.

Just as was the case of perfect substitutability, the concept of perfect comple-
mentarity is an idealized limiting case. Nevertheless, the following simple illus-
tration helps to clarify the circumstances under which it may seem reasonable.

In Figure 26.14clet K denote buses, L bus drivers, and y the number of passen-
gers carried per day. Buses do not drive themselves, so each of them needs a driver.
It follows that the bus company’s isoquants are L-shaped, because the number of
passengers carried per day remains unchanged if it increases the number of buses
(holding the number of drivers constant) or it increases the number of drivers
(holding the number of buses constant). In fact, in order to carry more passen-
gers, the company clearly must increase both the number of buses and the number

of drivers.?’
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Technical Appendix 26.B The Mathematical Approach

In this appendix, several of the results presented mathematically in the chapter are
derived. Throughout, familiarity with the notation developed in Appendix 3.A is
assumed.

In the long run the firm can adjust its employment level and its capital stock.
Its technology is given by y = F(K, L), which is assumed to be increasing in K and
L and to be strictly concave. A basic result in mathematics is that the concavity of
F(K, L) implies that:

F,, <0, F <0 (26.14)
F Fe—(F)*>0 (26.15)

where (using our standard convention) F;; = 9%y/dL* and likewise for the other
second-order partial derivatives. We will use this result when examining the prop-
erties of the firm’s long-run demand for labor.

As shown on page 44, by using the expression y = F(K, L) to substitute out y,
the firm’s profits can be written:

T(K, L) = pF(KL) — (WL + RK) (26.16)

The manager’s goal is to discover the optimal input levels—denoted K* and L*—
that maximize the firm’s profits. The first-order conditions required for a maxi-
mum are:

pF,-W=0 and pF . -R=0 (26.17)

where F, = MP;, = dy/dL is the marginal product of labor, and analogously Fis
the marginal product of capital. It is understood that Equations 26.17 are evalu-
ated at the optimal values of Kand L.

As any mathematician will happily testify, it is one thing to have a pair of equa-
tions, like those in 26.17, and quite another to have the faintest clue about what to
do with them. One approach is to bring more information to bear on the problem
(by, for example, specifying a particular formula for y = F(K, L)), and another is
to mathematically analyze the equations in the hope of establishing some general
results. We begin by pursuing the first approach because it is somewhat simpler.

The Cobb-Douglas Production Technology. As noted in Chapter 3, because of
its simplicity and tractability, the Cobb-Douglas production function is often
deemed to be the gold standard of production functions. Suppose then, that the
firm’s technology can be represented by the following Cobb-Douglas form:

y=K°LP, where «,B>0 and a+fB<l1 (26.18)

The plan of attack is that we are going to apply the general result given by Equa-
tions 26.17 to the particular case of the Cobb-Douglas production technology.
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To do so, it is necessary to evaluate the partial derivatives F, and F,. It is readily
checked that,

Fr=ay/K and F.=py/L (26.19)

Using these terms in Equation 26.17 yields, apy/K = R and Bpy/L = W. In order
to make further progress, it is convenient to set w=W(Bp) and # = (R/ap). After
doing so, we have y/K = # and y/L = . Simple rearrangement gives,

(w/#)=K/L and (#/#)=L/K (26.20)
The first-order conditions can be written as,
w=(K/L)* L@*P-1 (26.21)
#=K@+P -1 (L/K)P (26.22)
Substituting for (K/L) in the first and (L/K) in the second gives,
w=(w/#)e LerP -1 (26.23)
# = (#/w)P Kla+B) -1 (26.24)

Solving these equations for K and L yields the explicit long-run demand functions
for capital and labor,

1-8 a

L=wi-(+B). -(@+p) (26.25)
B _l-a

K=wi-(@B).p-@p (26.26)

Notice the pleasing symmetry that exists between them.

Furthermore, because 1 — (a + 3) > 0 it is readily seen that an increase in
W lowers the demand for labor and that an increase in R lowers the demand for
capital—so the respective demand curves are downward sloping. Furthermore,
capital and labor are gross complements because an increase in W reduces K, and
an increase in R reduces L.

The General Case. Ifweletw=W/pandr=R/p denote the real wage and the real
rental price respectively, then the first-order conditions take the simple form,

F,-w=0 and F,-r=0 (26.27)

Can we use these equations to say anything sensible about the properties of the
long-run demand for labor? Remarkably, the answer is yes because of the follow-
ing five facts: F, >0, F,>0,F,, <0,F,, <0,and A=F, F,, — (F,,)*>0.The
first two simply assert that capital and labor are productive inputs (so the more
of them the merrier); the second two, that the technology exhibits diminishing
marginal returns to capital and labor; and the last one, that “average” input bun-
dles are better than extreme ones. (In fact, the last three facts follow from the

concavity of F(K, L).)
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If the reader ever happens to be confronted with analyzing this sort of prob-
lem, the method of attack is always basically the same. First, totally differentiate
the system. Second, write out the total derivatives. Finally, solve for them (often
using Cramer’s rule). An example illustrates the method. Suppose that we want
to determine how the firm’s long-run demand for labor and capital are affected by
an increase in the (real) wage w. To investigate this problem, it is necessary that
we evaluate the total derivatives dL/dw and dK/dw. With this goal in mind, totally
differentiate the two first-order conditions:

F, dL+F dK~dw=0 (26.28)
FodL + F dK - dr=0 (26.29)

where the fact that F, = F, is used, which follows from Young’s theorem. Our
goal is to evaluate the effect of a change in w, holding r constant. Therefore, set
dr = 0 and divide by dw # 0. The result is,

F,, (dL/dw) + F (dK/dw) = 1 (26.30)
F,, (dL/dw) + F (dK/dw) = 0 (26.31)

In many respects this is a very simple equation system with two unknowns: dL/
dw and dK/dw. The solution is,

dL/dw=F /A <0 (26.32)
dK/dw =~ F, /A (26.33)

where A = F, F, . — (F,,)* > 0. It follows from the fact that F,, < 0—that is,
there are diminishing returns to capital—the long-run labor-demand curve is
necessarily downward sloping: dL/dw < 0.

Because A > 0, the sign of dK/dw hinges on (and is the same as) the sign of
the cross derivative F, . It is useful to recall that F,, = 0F, /0L, implying F,
describes how the marginal product of capital, F;, responds to a small increase
in L. From this vantage point, interpreting the result is now quite straightfor-
ward. Following the increase in the wage, the firm reduces its employment level.
If F, > 0, then the reduction in L also lowers the productivity of capital and, as
a consequence, the firm’s demand for it. This implies that labor and capital are
gross complements because dK/dw < 0. Similar, but opposite, remarks apply if
F,, <0,in which case capital and labor are gross substitutes because dK/dw > 0.



