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Labour Demand

“The laborer is worthy of his hire”
- The Gospel of St. Luke
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Introduction

Firms hire workers because consumers want to purchase a
variety of goods and services.

Demand for workers is derived from the wants and desires of
consumers.

Central questions: How many workers are hired and what are
they paid?
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Production Function: 3-1

The Firm’s Production Function

Describes the technology that the firm uses to produce goods
and services.

The firm’s output can be produced by a variety of capital–labor
combinations.

The marginal product of labor (MPL) is the change in output
resulting from hiring an additional worker, holding constant the
quantities of other inputs.
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Production Function: 3-1

Product Curves
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Number of 
Workers 
Employed

Output  
(Units)

Marginal  
Product (Units)

Average Product  
(Units)

Value of Marginal  
Product ($)

Value of Average  
Product ($)

  0   0 — — — —
  1 11 11 11.0 22 22.0
  2 27 16 13.5 32 27.0
  3 47 20 15.7 40 31.3
  4 66 19 16.5 38 33.0
  5 83 17 16.6 34 33.2
  6 98 15 16.3 30 32.7
  7 111 13 15.9 26 31.7
  8 122 11 15.3 22 30.5
  9 131   9 14.6 18 29.1
10 138   7 13.8 14 27.6

TABLE 3-1
Calculating the Marginal and Average Product of Labor (Holding Capital Constant)

Note: The calculations for the value of marginal product and the value of average product assume that the price of the output is $2.

FIGURE 3-1  The Total Product, Marginal Product, and Average Product Curves
(a) The total product curve gives the relationship between output and the number of workers hired by the firm, holding 
capital fixed. (b) The marginal product curve gives the output produced by each additional worker and the average 
product curve gives the output per worker.
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numerical example, output first rises at an increasing rate as more workers are hired. 
This implies that the marginal product of labor is rising, perhaps because of the initial 
gains resulting from assigning workers to specific tasks. Eventually, output increases at 
a decreasing rate. In other words, the marginal product of labor begins to decline, so that 
the next worker hired adds less to the firm’s output than a previously hired worker. In our 
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Production Function: 3-1

Zone of Production

Chapter 5  The Demand for Labor  133

increasing rate. As observed in the lower graph, this implies that MP (= ¢TP/¢L) neces-
sarily is rising. For example, suppose the TPs associated with the first three workers were 
3, 8, and 15, respectively. The corresponding MPs would be 3 (= 3 − 0), 5 (= 8 − 3), and 
7 (= 15 − 8). Note, too, from the lower graph that because MP exceeds average product 
(AP), the latter also is rising. This is a matter of arithmetic necessity: Whenever a number 
that is greater than the average of some total is added to that total, the average must rise. 
In the present context, marginal product is the addition to total product while average 
product is the average of total product. Hence, when MP exceeds AP, AP must rise.1

FIGURE 5.1  A Firm’s Short-Run Production Function
As labor is added to a fixed amount of capital, total product will eventually increase by 
diminishing amounts, reach a maximum, and then decline as shown in (a). Marginal 
products in (b) reflect the changes in total product associated with each additional input of 
labor. The relationship between marginal product and average product is such that MP 
intersects AP where AP is at its maximum. The yz segment of the MP curve in stage II is 
the basis for the short-run labor demand curve.
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1 You raise your cumulative grade point average by earning grades in the most recent (marginal) semes-
ter that are higher than your current average.
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Production Function: 3-1

Zone of Production
Chapter 5  The Demand for Labor 135

2 This generalization applies only to a competitive firm. For an imperfectly competitive firm such as  
a monopoly, only stage III is necessarily a non-profit-maximizing area. In maximizing profits, a 
monopolist may restrict output and therefore employment to some point in stage I.

Average
Marginal Product,

Total Product, TPL	 Product, MPL	 APL

Stage	 IA	 Increasing at an	 Increasing and 	
IncreasingI		 increasing rate	 greater than AP

IB	 Increasing at a	 Declining but	
Increasing

[
decreasing rate	 greater than AP

Zone of	 Stage		 Increasing at a	 Declining and	
DecliningProduction	 II		 decreasing rate	 less than AP

Stage
Declining

Negative and	
DecliningIII			  less than AP

TABLE 5.1  Production Function Variables: A Summar

continuous addition of labor will so overcrowd the plant that the marginal product 
of still more labor will become negative, reducing total product (stage III).

Zone of Production
The characteristics of  TP, MP, and AP discussed in Figure 5.1 are summarized in 
Table 5.1. In reviewing this table, notice that stage II of the production function is 
designated as the zone of production. To see why, let’s establish that the left bound-
ary of  stage II in Figure 5.1 is where the efficiency of  labor—as measured by its
average product—is at a maximum. Similarly, the right boundary is where the effi-
ciency of the fixed resource capital is maximized. Notice first that at point Y on TP 
and y on AP and MP, total product per unit of labor is at its maximum. This is
shown both by ray 0a, which is the steepest line that can be drawn from the origin 
to any point on TP, and by the AP curve, because AP is TP/L. Next, note that at
point Z on TP and z on MP, total product is at a maximum. Because capital (K) is 
fixed, this implies that the average product of K is also at a maximum. That is, total 
product per unit of capital is greater at the right boundary of stage II than at any 
other point. The generalization here is that if  a firm chooses to operate, it will want 
to produce at a level of output where changes in labor contribute to increasing effi-
ciency of either labor or capital.2

This is not the case in either stage I or III. In stage I, additions to labor increase 
both the efficiency of labor and the efficiency of capital. The former can easily be
seen by the rising AP curve; the latter is true because capital is constant and TP is 
rising, thereby increasing the average product of capital (= TP/K). The firm there-
fore will desire to move at least to the left boundary of stage II.

8

Production Function: 3-1

Profit Maximization

Objective of the firm is to maximize profits.

The profit function is: π= pq - wE - rK

Total Revenue = pq

Total Costs = (wE + rk)

Perfectly competitive firms cannot influence prices of output or
inputs.
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The Short Run:3-2

Short-Run Hiring Decision

Value of Marginal Product of Employment (VMPE) is the
marginal product of labor times the dollar value of the output.

(VMPE) indicates the dollar benefit derived from hiring an
additional worker, holding capital constant.

Value of Average Product of Employment is the dollar value of
output per worker.

10

The Short Run:3-2

The Firm’s Hiring Decision in the Short Run
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	​ VM​P​ E​​ = p × M​P​ E​​​	 (3-3)

The value of marginal product of labor is the dollar increase in revenue generated by an 
additional worker, holding capital constant. Suppose the price of the output equals $2. The 
eighth worker hired would then contribute $22 to the firm’s revenue.

The value of marginal product curve is illustrated in Figure 3-2 (and the underlying 
data are reported in Table 3-1). Because the value of marginal product equals the marginal 
product of labor times the (constant) price of the output, the value of marginal product 
curve is simply a “blown-up” version of the marginal product curve.

We define the value of average product of labor as

	​ VA​P​ E​​ = p × A ​P​ E​​​	 (3-4)

The value of average product gives the dollar value of output per worker. Because 
both the value of marginal product and the value of average product curves are blown-up 
versions of the underlying marginal product and average product curves, the geometric 
relationship in Figure 3-2 is identical to the relationship discussed earlier.

How Many Workers Should the Firm Hire?
The competitive firm can hire all the labor it wants at a constant wage of w dollars. Suppose 
the wage in the labor market is $22. As shown in Figure 3-2, a profit-maximizing firm will 
then hire eight workers. At this level of employment, the value of marginal product of labor 
equals the wage rate and the value of marginal product curve is downward sloping, or

	​ VM​P​ E​​ = w  and  VM​P​ E​​ is declining​	 (3-5)

FIGURE 3-2  The Firm’s Hiring Decision in the Short Run
A firm hires workers up to the point where the wage rate equals the value of marginal product of labor. If the wage is 
$22, the firm hires eight workers.
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A profit-
maximizing
firm hires
workers up to
the point where
w = MPL.
If the wage is
$22, the firm
hires eight
workers.
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The Short Run:3-2

Labor Demand Curve

The demand curve for labor indicates how many workers the
firm hires for each possible wage, holding capital constant.

The labor demand curve is downward sloping. This reflects the
fact that additional workers are costly and alter average
production due to the Law of Diminishing Returns.
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The Short Run:3-2

The Short-Run Demand Curve for Labor

82 Chapter 3

bor04724_ch03_076-121.indd 82� 08/17/18  07:55 AM

that the output price increases, shifting the value of marginal product curve in Figure 3-3 
from VMPE to VMPE′. If the wage were $22, the increase in output price raises the firm’s 
employment from 8 to 12 workers. There is, therefore, a positive relation between employ-
ment and output price.

Finally, recall that the short-run demand curve holds capital constant at K0. We would 
have derived a different short-run labor demand curve if we had held the capital stock con-
stant at a different level K1. The relationship between the VMPE curve and the level of the 
capital stock is discussed below.

The Short-Run Labor Demand Curve in the Industry
We derived the short-run labor demand curve for a single firm. We can apply the same 
approach to derive the short-run labor demand curve for every firm in the industry, the 
group of firms that produce the same output. It would seem that the industry’s labor 
demand curve can be obtained by adding up the demand curves of the individual firms. 
Suppose that every firm hires 15 workers when the wage is $20, but hires 30 workers 
when the wage falls to $10. We could perhaps get the industry demand curve by sum-
ming up the employment across firms. If there were two firms in the industry, this would 
imply that the industry hires 30 workers when the wage is $20 and 60 workers when the 
wage is $10.

This approach, however, is incorrect because it ignores that the labor demand curve for 
a firm takes the price of the output as given. Each firm in a perfectly competitive industry 

FIGURE 3-3  The Short-Run Demand Curve for Labor
Because marginal product declines, the short-run demand curve for labor is downward sloping. A drop in the wage 
from $22 to $18 increases employment. An increase in the price of the output shifts the value of marginal product curve 
upward and increases employment.
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The Short Run:3-2

The Short-Run Demand Curve for the Industry
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is small enough that it cannot influence prices. But if all firms in the industry take advan-
tage of the lower wage by hiring more workers, there would be a lot more output and this 
would imply that the price of the output would fall. As a result, if all firms expand their 
employment, the value of marginal product (or output price times marginal product) would 
fall, and the labor demand curve of each individual firm shifts slightly to the left. Industry 
employment would then expand less than would have been the case if we just added up the 
demand curves of individual firms.

Figure 3-4 illustrates this point for an industry with two identical firms. As shown 
in Figure 3-4a, each firm hires 15 workers when the wage is $20 and 30 workers when 
the wage falls to $10. The sum of these two demand curves is given by the curve DD 
in Figure 3-4b. It is impossible, however, for every firm in the industry to expand its 
employment without lowering the price of the output. As a result, the demand curve 
for each firm shifts back slightly, so that at the lower wage of $10, each firm hires only 
28 workers. The industry, therefore, employs 56 workers at the lower wage. The “true” 
industry labor demand curve is then given by TT. This curve is steeper than the industry 
demand curve one would obtain by just summing horizontally the demand curves of 
individual firms.

We use an elasticity to measure the responsiveness of employment in the industry to 
changes in the wage rate. The short-run elasticity of labor demand is defined as the 
percentage change in short-run employment (ESR) resulting from a one percent change in 
the wage:

	​​ δ​ SR​​ = ​ ​
Δ​E​ SR​​⁄​E​ SR​​​ ___ 
​Δw ⁄ w​

 ​  = ​ 
Δ​E​ SR​​

 _____ 
Δw

 ​  ⋅ ​  w ____ 
​E​ SR​​

 ​​	 (3-6)

FIGURE 3-4  The Short-Run Demand Curve for the Industry
Each firm in the industry hires 15 workers when the wage is $20. If the wage falls to $10, each firm hires 30 workers. 
If all firms expand, the output of the industry increases, reducing the price of the output and reducing the value of 
marginal product, so the labor demand curve of each individual firm shifts slightly to the left. At the lower price of $10, 
each firm hires only 28 workers. The industry demand curve is not given by the horizontal sum of the firms’ demand 
curves (DD), but takes into account the impact of the industry’s expansion on output price (TT).
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The Short Run:3-2

Maximizing Profits: Two Rules

The profit-maximizing firm should produce up to the point
where the cost of producing an additional unit of output
(marginal cost) is equal to the revenue obtained from selling
that output (marginal revenue).

This is known as Marginal Productivity Condition.

Alternative Interpretation of MP Condition:

Hire labour up to the point where the value of the MP equals the
added cost of hiring the worker (that is, the wage).

Mathematically: w = p×MPE
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The Short Run:3-2

The Firm’s Output Decision
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The Short Run:3-2

The Mathematics of Marginal Productivity Theory

If 1 worker⇒ MPE Units: 1 unit is produced by 1
MPE

The cost of producing an extra unit of output: MC = w ×
(

1
MPE

)
The condition: produce to the point where MC = P

This can be written as : W ×
(

1
MPE

)
= p

By rearranging we obtain MP Condition: w = p×MPE Back
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The Short Run:3-2

Critiques of Marginal Productivity Theory

A common criticism is that the theory bears little relation to the
way that employers make hiring decisions.

Another criticism is that the assumptions of the theory are not
very realistic.

However, employers act as if they know the implications of
marginal productivity theory (hence, they try to make profits and
remain in business).
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The Short Run:3-2

Your Turn-1

Assume labor is the only variable input and that an additional
unit of labor increases total output from 65 to 73 units.

1. If the product sells for $4 per unit in a perfectly
competitive market, what is the MRP of this additional
worker?

2. Would the MRP be higher or lower than this amount if the
firm were a monopolist and had to lower its price to sell all
73 units?

19

The Long Run: 3-3

The Employment Decision in the Long Run

In the long run, the firm maximizes profits by choosing how
many workers to hire and how much plant and equipment to
invest in.

Isoquant curves describe the possible combinations of labor and
capital that produce the same level of output.

20

The Long Run: 3-3

Isoquant Curves
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the slope of an isoquant is given by the negative of the ratio of marginal products. In 
particular,2

    !K ____ !E
   = "   

M P  E  
 _____ 

M P  K      (!-"#)

The absolute value of this slope is called the marginal rate of technical substitution. 
Convex isoquants imply a diminishing marginal rate of technical substitution (or a flatter 
isoquant) as the firm substitutes more labor for capital.

Isocosts
The firm’s costs of production, C, are given by
  C = wE + rK  (!-"")

! Let’s calculate the slope of the isoquant between points X and Y in Figure"#-$ (assuming that 
points X and Y are very close to each other). In going from X to Y, the firm hires %E more workers, 
and each of these workers produces MPE units of output. Hence, the gain in output is given by the 
product %E"#"MPE. In going from X to Y, however, the firm is also getting rid of %K units of capital. 
Each of these units has a marginal product of MPK. The decrease in output is then given by %K"#"MPK. 
Because output is the same at all points along the isoquant, the gain in output resulting from hir-
ing more workers must equal the reduction in output resulting from cutting the capital stock, so that 
(%E"#"MPE)"+"(%K"#"MPK)"="&. Equation (#-'&) follows by rearranging terms.

FIGURE #$" Isoquant Curves
All capital–labor combinations along a single isoquant produce the same level of output. The input combinations at 
points X and Y produce q0 units of output. Input combinations that lie on higher isoquants produce more output.
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The Long Run: 3-3

Isocost Lines

The isocost line indicates all labor–capital bundles that exhaust
a specified budget for the firm.

Isocost lines indicate equally costly combinations of inputs.

Higher isocost lines indicate higher costs.

22

The Long Run: 3-3

Isocost Lines-2
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Let’s consider how the firm can spend a particular amount of money, say C0. The firm 
could decide to hire only capital, in which case it could hire C0/r units of capital (where r 
is the price of capital), or it could hire only labor, in which case it could hire C0/w workers. 
The line connecting all the various combinations of labor and capital that the firm could 
hire with an outlay of C0 dollars is called an isocost line, and is illustrated in Figure 3-7.

The isocost line gives the combinations of labor and capital that are equally costly, with 
higher isocost lines implying higher costs. Figure 3-7 illustrates the isocost lines associ-
ated with outlays C0 and C1, where C1 > C0. We can derive the slope of an isocost line by 
rewriting equation (3-11) as

	​ K = ​ C __ 
r
 ​ − ​ w __ 

r
 ​ E​	 (3-12)

This equation is of the form y = a + bx, with intercept C/r and slope −w/r. The slope of the 
isocost line, therefore, is the negative of the ratio of input prices.

Cost Minimization
A profit-maximizing firm producing q0 units of output obviously wants to produce these 
units at the lowest possible cost. Figure 3-8 illustrates the solution to this cost-minimization 
problem. The firm chooses the combination of labor and capital (100 workers and 
175 machines) at point P, where the isocost is tangent to the isoquant. At P, the firm pro-
duces q0 units of output at the lowest cost because it uses a capital–labor combination that 
lies on the lowest isocost. The firm could produce q0 using other capital–labor combina-
tions, such as points A or B on the isoquant. Those choices, however, would be costlier 
because they place the firm on a higher isocost line (with a cost outlay of C1 dollars).

FIGURE 3-7  Isocost Lines
All capital–labor combinations along a single isocost curve are equally costly. Capital–labor combinations on a higher 
isocost curve are costlier. The slope of an isocost equals the ratio of input prices (−w/r).
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The Long Run: 3-3

The Firm’s Optimal Combination of Inputs
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At the cost-minimizing solution P, the slope of the isocost equals the slope of the isoquant, 
or

	​​ 
M​P​ E​​

 _____ 
M​P​ K​​

 ​ = ​ w __ 
r
 ​​	 (3-13)

Cost minimization, therefore, requires that the marginal rate of technical substitution equal 
the ratio of input prices. The intuition is easily grasped if we rewrite equation (3-13) as

	​​ 
M​P​ E​​

 ____ 
w

 ​  = ​ 
M​P​ K​​

 _____ 
r
 ​​ 	 (3-14)

The last worker hired produces MPE units of output at a cost of w dollars. If the marginal 
product of labor is 20 units and the wage is $10, the ratio MPE/w implies that the last dollar 
spent on labor yields two units of output. Similarly, the ratio MPK/r gives the output yield 
of the last dollar spent on capital. Cost-minimization requires that the last dollar spent on 
labor yield as much output as the last dollar spent on capital. In other words, the last dollar 
spent on each input must give the same “bang for the buck.”

The hypothesis that firms minimize the cost of producing a particular level of output 
is often confused with the hypothesis that firms maximize profits. It should be clear that if 
we constrain the firm to produce q0 units of output, a profit-maximizing firm must produce 

FIGURE 3-8  The Firm’s Optimal Combination of Inputs
A firm minimizes the cost of producing q0 by using the capital–labor combination at point P, where the isoquant is 
tangent to the isocost. All other capital–labor combinations (such as those in points A and B) lie on a higher isocost.
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The Long Run: 3-3

Cost Minimization

π maximization implies cost minimization.

The firm chooses the least-cost combination of capital and labor.

This least-cost choice is where the isocost line is tangent to the
isoquant.

Marginal rate of substitution equals the ratio of input prices,
w/r, at the least-cost choice.

25

Long-Run Demand for Labor: 3-4

Long-Run Demand for Labor

When the wage drops, two effects arise.

The firm takes advantage of the lower price of labor by
expanding production (the scale effect).

The firm takes advantage of the wage change by rearranging its
mix of inputs, by employing more labor and less of other inputs,
even if holding output constant (the substitution effect).

26

Long-Run Demand for Labor: 3-4

The Impact of a Wage Reduction Holding Costs
Constant
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incur the same costs before and after a wage change. The long-run constraints of the firm 
are given by the technology (as summarized by the production function) and by the con-
stant price of the output and other inputs (p and r). In general, the firm will not maximize 
profits by constraining itself to have the same cost outlay before and after a wage change.

Will the Firm Expand if the Wage Falls?
The wage reduction will typically cut the marginal cost of production.3 It is cheaper to 
produce an additional unit of output when labor is cheap than when labor is expensive. The 
lower wage would then encourage the firm to expand production. Figure 3-10a shows the 
impact of this reduction in marginal cost on the firm’s scale. Because the marginal cost 
curve drops from MC0 to MC1, the wage cut encourages the firm to produce 150 units of 
output rather than 100 units.

The firm, therefore, will “jump” to a higher isoquant, as shown in Figure 3-10b. As 
noted earlier, the cost of producing 150 units of output need not be the same as the cost of 

3 It can be shown that the marginal cost of production falls when the inputs used in the production 
process are “normal” inputs—in the sense that the firm uses more labor and more capital as it expands, 
holding the prices of labor and capital constant. The key result of the theory—that the long-run labor 
demand curve is downward sloping—also holds even if labor were an inferior input.

FIGURE 3-9  The Impact of a Wage Reduction, Holding Constant Initial Cost Outlay at C0
A wage reduction flattens the isocost curve. If the firm were to hold the initial cost outlay constant at C0 dollars, the 
isocost would rotate around C0 and the firm would move from point P to point R. A profit-maximizing firm, however, 
will not generally want to hold the cost outlay constant when the wage changes.

R

P

Wage Is w0
Wage Is w1

q'0

Capital

Employment4025

C0 /r

75

Final PDF to printer

27

Notes

Notes

Notes



Long-Run Demand for Labor: 3-4

The Impact of a Wage Reduction on the Output and
Employment of a π-Maximizing Firm
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producing only 100 units. As a result, the new isocost need not originate from the same 
point in the vertical axis as the old isocost. However, a profit-maximizing firm will pro-
duce the 150 units of output in the least costly way. The optimal mix of inputs is given by 
the point on the higher isoquant where the isoquant is tangent to a new isocost, which has 
a slope equal to w1/r (and hence is flatter than the original isocost). This solution is given 
by point R in Figure 3-10b.

As drawn, the firm’s employment increases from 25 to 50 workers. We will see below 
that the firm will always hire more workers when the wage falls, so that the long-run labor 
demand curve must be downward sloping. Point R also implies that the firm uses more 
capital. We will see below that this need not always be the case. In general, a wage cut can 
either increase or decrease the amount of capital demanded.

Substitution and Scale Effects
In our derivation of a worker’s labor supply curve, we decomposed the impact of a wage 
change on hours of work into income and substitution effects. This section uses a similar 
decomposition to assess the impact of a wage change on the firm’s employment. In partic-
ular, the wage cut reduces the price of labor relative to that of capital, encouraging the firm 
to adjust its input mix so that it is more labor intensive. In addition, the wage cut reduces 
the marginal cost of production and encourages the firm to expand. As the firm expands, it 
wants to hire even more workers.

Figure 3-11 illustrates these two effects. The firm is initially at point P, facing a wage 
of w0, producing 100 units of output, and hiring 25 workers. When the wage falls to w1, the 
firm moves to point R, producing 150 units of output and hiring 50 workers.

It is useful to view the move from P to R as a two-stage move. To conduct the decom-
position, Figure 3-11 introduces a new isocost line, labeled DD. This isocost is tangent to 

FIGURE 3-10  Impact of Wage Reduction on Output and Employment of a Profit-Maximizing Firm
(a) A wage cut reduces the marginal cost of production and encourages the firm to expand (from producing 100 to 
150 units). (b) The firm moves from point P to point R, increasing the number of workers hired from 25 to 50.

(a) Firm’s Output Decision (b) Firm’s Hiring Decision

150100

MC1
MC0

p

Dollars

Output

100

150

5025

R

P

Capital

Employment

Final PDF to printer

28

Long-Run Demand for Labor: 3-4

Substitution and Scale Effects
A wage cut generates substitution and scale effects.

92 Chapter 3
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the new isoquant (which produces 150 units of output), but parallel to the isocost that the 
firm faced before the wage reduction. In other words, the absolute value of the slope of the 
DD isocost is equal to w0/r, the original price ratio. The tangency point between this new 
isocost and the new isoquant is given by point Q.

We define the move from P to Q as the scale effect. The scale effect indicates what 
happens to the demand for the firm’s inputs as the firm expands production, holding input 
prices constant. As long as capital and labor are “normal inputs,” the scale effect increases 
both employment (from 25 to 40 workers) and the capital stock.

The wage cut also encourages the firm to adopt a different method of production, one 
that is more labor intensive. The substitution effect, given by the move from Q to R, 
shows what happens to the firm’s employment as the wage changes, holding output con-
stant. As drawn, the substitution effect raises the firm’s employment from 40 to 50 work-
ers. Note that the substitution effect must decrease the firm’s demand for capital.

Both the substitution and scale effects induce the firm to employ more workers as the 
wage falls. As drawn in Figure 3-12, the firm hires more capital when the wage falls, so 
that the scale effect (which increases the demand for capital) outweighs the substitution 
effect (which reduces the demand for capital). The firm would use less capital if the substi-
tution effect dominated the scale effect.

We use the concept of an elasticity to measure the responsiveness of changes in long-
run employment (ELR) to changes in the wage. The long-run elasticity of labor demand is 
given by

	​​ δ​ LR​​ = ​ ​
Δ​E​ LR​​⁄​E​ LR​​​ ___ 
​Δw ⁄ w​

 ​  = ​ 
Δ​E​ LR​​

 _____ 
Δw

 ​  ⋅ ​  w ____ 
​E​ LR​​

 ​​	 (3-16)

FIGURE 3-11  Substitution and Scale Effects
A wage cut generates substitution and scale effects. The scale effect (the move from point P to point Q) encourages the 
firm to expand, increasing the firm’s employment. The substitution effect (from Q to R) encourages the firm to use a 
more labor-intensive method of production, further increasing employment.
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The Elasticity of Substitution:3-5

Two Special Cases of Isoquants

Labor Demand  95

bor04724_ch03_076-121.indd 95� 08/17/18  07:55 AM

3-5 The Elasticity of Substitution

The size of the firm’s substitution effect depends on the curvature of the isoquant. 
Figure 3-13 illustrates two extreme situations. In Figure 3-13a, the isoquant is a straight 
line, with a slope equal to −0.5. In other words, output remains constant whenever the firm 
lays off two workers and replaces them with one machine. The “rate of exchange” between 
labor and capital is the same regardless of how many workers or how much capital the firm 
already has. The marginal rate of technical substitution is constant when the isoquant is a 
line. Whenever any two inputs can be substituted at a constant rate, the two inputs are 
called perfect substitutes.5

Figure 3-13b illustrates the other extreme. The right-angled isoquant implies that using 
20 workers and 5 machines yields q0 units of output. If we hold capital constant at five units, 
adding more workers has no impact on output. Similarly, if we hold labor constant at 20 work-
ers, adding more machines has no impact on output. A firm that does not wish to throw away 
money has only one recipe for producing q0: Use 20 workers and 5 machines! When the iso-
quant between any two inputs is right-angled, the inputs are called perfect complements.

The substitution effect is very large when labor and capital are perfect substitutes. When 
the isoquant is linear, the firm minimizes the cost of producing output q0 by using either 

5 The definition of perfect substitutes does not imply that the two inputs have to be exchanged on a 
one-to-one basis; that is, one machine hired for each worker laid off. Our definition only requires that 
the rate at which capital can be exchanged for labor is constant.

FIGURE 3-13  Isoquants When Inputs Are Either Perfect Substitutes or Perfect Complements
Capital and labor are perfect substitutes if the isoquant is linear (so that two workers can always be substituted for one 
machine). The two inputs are perfect complements if the isoquant is right-angled. The firm then gets the same output 
when it hires 5 machines and 20 workers as when it hires 5 machines and 25 workers.
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The Elasticity of Substitution:3-5

Elasticity of Substitution

The elasticity of substitution is the percentage change in the
capital-to-labor ratio given a percentage change in the price
ratio (wages to real interest).

Formula: %∆(K/L)
%∆(w/r) .

Interpret a particular elasticity of substitution number as the
percentage change in the capital–labor ratio given a 1% change
in the relative price of labor to capital.
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The Short- and Long-Term Demand Curves for Labor
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Because the long-run labor demand curve is downward sloping, the long-run elasticity 
of labor demand must be negative.

An important principle in economics states that consumers and firms can respond more 
easily to changes in the economic environment when they face fewer constraints. Put dif-
ferently, extraneous constraints prevent us from taking full advantage of the opportunities 
presented by changing prices. This principle suggests that the long-run demand curve for 
labor is more elastic than the short-run demand curve, as illustrated in Figure 3-12. In the 
short run, the firm is “stuck” with a fixed capital stock and finds it difficult to change its 
scale. In the long run, firms are more responsive, can adjust both labor and capital, and can 
fully take advantage of changes in the price of labor.

Estimates of the Labor Demand Elasticity
Many studies attempt to estimate the elasticity of labor demand, typically by correlating 
observed changes in employment at a firm with wage changes.4 Given our discussion of 
the problems encountered when estimating the labor supply elasticity, it should not be 
surprising that there is also a lot of variation in estimates of the labor demand elasticity. 
Although most of the estimates indicate that the labor demand curve is downward sloping, 
the range of the estimates is considerable.

Despite this dispersion, there is some consensus that the short-run elasticity lies 
between −0.4 and −0.5. In other words, a 10 percent increase in the wage reduces employ-
ment by perhaps 4 to 5 percentage points in the short run. The evidence also suggests that 

4 An encyclopedic survey of this literature is given by Daniel S. Hamermesh, Labor Demand, Princeton, 
NJ: Princeton University Press, 1993.

FIGURE 3-12  The Short- and Long-Run Labor Demand Curves
In the long run, the firm can take full advantage of the economic opportunities introduced by a change in the wage. The 
long-run demand curve is more elastic than the short-run demand curve.
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The Elasticity of Substitution:3-5

Your Turn-2

Suppose the price of capital falls relative to the wage rate and, as a
result, the demand for labor increases.

Are these inputs gross substitutes, or are they gross
complements?

What can you infer about the relative strengths of the output
and substitution effects?
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What Makes Labor Demand Elastic:3-6

Marshall’s Rules
Labor Demand is more elastic when:

The elasticity of substitution is greater.

The elasticity of demand for the firm’s output is greater.

Labor’s share in total costs of production is greater.

The elasticity of supply of other factors of production such as
capital is greater.
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What Makes Labor Demand Elastic:3-6

Factor Demands When There Are Several Inputs

There are many different inputs.
Skilled and unskilled labor
Old and young
Old and new machines

Cross-elasticity of factor demand.
Percent change in xij ÷ Percent change in w

If cross-elasticity is positive, the two inputs are said to be
substitutes in production.
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Factor Demand with Many Inputs: 3-7

The Demand Curve for a Factor of Production
Affected by the Prices of Other Inputs
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The presence of many inputs raises the possibility that the demand for input i might 
increase when the price of input j increases, but might fall when the price of input k 
increases. To measure how the demand for input i responds to changes in the price of other 
inputs, we define the cross-elasticity of factor demand as

	​​ δ​ ij​​ = ​ 
% Δ ​x​ i​​ ___________ 
% Δ ​w​ j​​

 ​​	 (3-20)

The cross-elasticity gives the percentage change in the demand for input i resulting from a 
one percent change in the wage of input j.

The sign of the cross-elasticity provides one definition of whether any two inputs are 
substitutes or complements in production. If the cross-elasticity is positive, so that the 
demand for input i increases when the wage of input j rises, inputs i and j are said to be 
substitutes. After all, the increase in wj increases the demand for input i at the same time 
that it reduces the demand for input j. The two inputs are substitutes because the firm is 
getting rid of the more expensive input and replacing it with the relatively cheaper input.

If the cross-elasticity of factor demand is negative, the demand for input i falls as a 
result of the increase in wj, and inputs i and j are said to be complements. The inputs are 
complements because they both respond in exactly the same way to a rise in wj—the firm 
uses less of both inputs. Put differently, the two inputs “go together.”

Figure 3-14 illustrates this definition of substitutes and complements in terms of shift-
ing demand curves. In Figure 3-14a, the two inputs are substitutes. As input j became more 
expensive, employers substituted toward input i and the demand curve for input i shifts up. 

FIGURE 3-14  The Demand Curve for Input i Responds to a Price Increase in Input j
(a) The demand curve for input i shifts up if the two inputs are substitutes. (b) The demand curve for input i shifts down 
if the two inputs are complements.
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Factor Demand with Many Inputs: 3-7

Your Turn-3

In 2009, the United Automobile Workers reduced wage rates in the
American auto industry.
Referring to the output and substitution effects, explain how these
lower wages might have contributed to the rebound in auto
employment experienced by General Motors, Ford, and Chrysler since
2010.
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Factor Demand with Many Inputs: 3-7

Labor Market Equilibrium
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Once the equilibrium wage is attained, the conflicting desires of employers and work-
ers have been balanced. The number of workers who are looking for work exactly equals 
the number of workers that employers want to hire. In the absence of any other economic 
shocks, the equilibrium level of the wage and employment can persist indefinitely.

3-9 Rosie the Riveter as an Instrumental Variable

Much of the state-of-the-art research in labor economics involves trying to estimate labor 
demand and labor supply curves for particular groups. The findings reached by these stud-
ies are often used to predict how particular labor market shocks or policy changes will alter 
earnings and employment opportunities.

The typical attempt to estimate a labor demand curve starts by observing data on 
employment and wages in a particular labor market—for example, the employment and 
wages of women. Figure 3-16 shows how the observed employment and wage data are 
generated by our theory. Initially, the labor market is in equilibrium at point P, with wage 
w0 and employment E0. Suppose that the supply curve of women shifts to the right. The 
new equilibrium would be at Q, with wage w1 and employment E1. The observed data 
consist of the pair of wages (w0 and w1) and the pair of employment statistics (E0 and E1). 
Figure 3-16 shows that these data can be used to trace out (or identify) the labor demand 
curve D0. In other words, if we could observe a real-world situation where the only curve 
that shifted was the supply curve, the resulting data on wages and employment would 
allow us to estimate the labor demand elasticity.

In most real-world situations, however, both the supply curve and the demand curve are 
probably shifting at the same time. When both curves shift, the new equilibrium would be 

FIGURE 3-15  Wage and Employment Determination in a Competitive Market
In a competitive labor market, equilibrium is attained where supply equals demand. The equilibrium wage is w* and E* 
workers are employed.
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Policy Application: 3-11

The Employment Effects of Minimum Wages

The unemployment rate is higher the higher the minimum wage
and the more elastic are the labor supply and demand curves.

The benefits of the minimum wage accrue mostly to workers who
are not at the bottom of the distribution of permanent income.
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Policy Application: 3-11

The Impact of the Minimum Wage on Employment
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FIGURE 3-18  Minimum Wages in the United States, 1938–2017

Source: U.S. Bureau of the Census, Statistical Abstract of the United States, Washington, DC: Government Printing Office, various issues; U.S. Bureau of the 
Census, Historical Statistics of the United States, Colonial Times to 1970, Washington, DC: Government Printing Office, 1975; and U.S. Bureau of Labor Statistics, 
Employment, Hours, and Earnings from the Current Employment Statistics Survey, Washington, DC.
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FIGURE 3-19  The Impact of the Minimum Wage on Employment
A minimum wage set at ​​w ¯ ​​ forces employees to cut employment (from E* to –​​E ‾‾​​). The higher wage also encourages 
(ES − E*) additional workers to enter the market. The minimum wage, therefore, creates unemployment.
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Policy Application: 3-11

Minimum Wages in the United States, 1938 to 2011
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FIGURE 3-18  Minimum Wages in the United States, 1938–2017

Source: U.S. Bureau of the Census, Statistical Abstract of the United States, Washington, DC: Government Printing Office, various issues; U.S. Bureau of the 
Census, Historical Statistics of the United States, Colonial Times to 1970, Washington, DC: Government Printing Office, 1975; and U.S. Bureau of Labor Statistics, 
Employment, Hours, and Earnings from the Current Employment Statistics Survey, Washington, DC.
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FIGURE 3-19  The Impact of the Minimum Wage on Employment
A minimum wage set at ​​w ¯ ​​ forces employees to cut employment (from E* to –​​E ‾‾​​). The higher wage also encourages 
(ES − E*) additional workers to enter the market. The minimum wage, therefore, creates unemployment.
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Policy Application: 3-11

Min. Wages Effect: Covered & Uncovered Sectors
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minimum wage, there exists a single equilibrium wage, w*, in both sectors (determined by 
the intersection of the supply curve SC and the demand curve DC in the covered sector, and 
the intersection of SU and DU in the uncovered sector). The minimum wage is imposed only 
on the industries that comprise the covered sector. Workers employed in the uncovered 
sector are left to the mercy of the market and receive the competitive wage.

Once the minimum wage is imposed, the wage rises to ​​w ¯ ​​ in the covered sector and 
some workers lose their jobs. Covered sector employment falls to ​​E ‾​​ and there are (EC − ​​E ‾​​) 
displaced workers. Many of the displaced workers, however, can migrate to the uncovered 
sector and find work there. If some of this migration takes place, the supply curve in the 
uncovered sector might shift to ​​S​ U​ ′ ​​ (as illustrated in Figure 3-20b). The uncovered sector 
wage then declines and the number of workers in the uncovered sector increases from  
EU to ​​E​ U​ ′ ​​.

However, this is not the only possible type of migration. After all, some workers ini-
tially employed in the uncovered sector might decide that it is worthwhile to quit their 
low-paying jobs and hang around in the covered sector until a minimum-wage job opens 
up. If many workers in the uncovered sector take this course of action, the direction of 
migration might then be from the uncovered to the covered sector. The supply curve in 
the uncovered sector would shift to ​​S​ U​ ′′ ​​ in Figure 3-20b, raising the uncovered sector wage.

The analysis in Figure 3-20 shows how the free movement of workers in and out of 
labor markets can help equilibrate real wages in an economy despite the intentions of 

FIGURE 3-20  The Impact of the Minimum Wage on the Covered and Uncovered Sectors
If the minimum wage applies only to jobs in the covered sector, the displaced workers might move to the uncovered 
sector, shifting the supply curve to the right and reducing the uncovered sector’s wage. If it is easy to get a minimum-
wage job, workers in the uncovered sector might quit their jobs and wait in the covered sector until a higher-paying job 
opens up, shifting the supply curve in the uncovered sector to the left and raising the uncovered sector’s wage.
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