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Part II (Demand and Forecasting) considers the
elements determining the demand for a firm’s
output. Chapter 3 develops the theory of demand
and introduces the elasticity properties of the
demand function. Chapter 4 examines the procedures that may be used in making empirical
estimates of demand and sales. Business and economic forecasting is the topic in Chapter 5. We

consider forecasting at both the level of the firm
and the overall economy. Chapter 6 examines the
determinants of exchange rates, trade policy, and
other factors crucial for effectively managing
import-export trade. Understanding the determinants of both domestic and export demand is
central to estimating the level and risk of the cash
flows facing a firm.

CHAPTER

3
DEMAND ANALYSIS
CHAPTER PREVIEW Demand analysis serves two

demanded to a change in one of the factors influenc-

major managerial objectives. First, it provides the

ing demand, such as price, advertising, income levels,

insights necessary to effectively manage demand.

and the prices of substitute or complementary goods.

Second, it helps forecast sales and the revenue portion

Web Appendix A employs utility indifference curves

of a firm’s cash flow stream. This chapter develops the

to analyze consumer behavior in selecting housing

theory of demand and introduces the elasticity prop-

and food items subject to a budget constraint. We

erties of the demand function. The elasticity of de-

then develop the relationship between cost-of-living

mand is a measure of the responsiveness of quantity

price indices and new product introductions.

 MANAGERIAL CHALLENGE
Health Care Reform and Cigarette Taxes 1
When the Canadian government raised cigarette
taxes enough to push the price per pack over $4,
adult smoking declined by 38 percent and teenage
smoking declined even more (by 61 percent). In
1997, a similar U.S. excise tax increase funded the
“Tobacco settlement.” Philip Morris, Reynolds
Tobacco, Liggett, and other cigarette manufacturers agreed to pay $368 billion over 25 years to
achieve immunity from civil liability in class action suits. The State Attorneys General had sued
the cigarette manufacturers to recover the additional Medicare and Medicaid costs of smokingrelated illnesses. Under the settlement, the average
U.S. price of $1.43 per pack rose by 62 cents
to $2.05 (by 35%).2 Some critics of the proposal
insisted at the time that the tobacco tax should
be higher (perhaps as much as $1.50 higher) to
deter young smokers from acquiring the habit.
The stated objective for reducing teenage smoking
was 30 percent in five years and 50 percent in
seven years.

One important element of the debate regarding
the “optimal” cigarette tax increase depends on
how sensitive consumption is to changes in price.
An excellent measure of this sensitivity is the price
elasticity of demand, defined as the percentage
change in quantity demanded that occurs as a result
of some percentage change in price. Economists
have estimated the price elasticity of adult cigarette
demand to be 0.4, indicating that for a 10 percent
increase in price, quantity demanded can be expected to decline by 4 percent. For teenagers,
however, the price elasticity is thought to be much
higher (0.6), which indicates that for a 10 percent
increase in price, quantity demanded can be expected to decline by 6 percent. So, a 35 percent
increase in price would result in a 21 percent decline
in teen smoking.
Unfortunately, however, this reduction is far
below the stated goal of 30 percent reduction
in teenage smoking. As a result, in 1999 the
U.S. Congress decided to raise the federal excise
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tax another 60 cents. State legislatures got involved
as well, such that by 2002 the average price per
pack reached $3.28 nationwide. Today, the price is
even higher in most states. By 2006, New Jersey,
Washington, Rhode Island, Michigan, and Arizona,
for example, had imposed more than $2 a pack in
state excise taxes, making the price of a pack $5 or
more in those states.
In the ongoing debate over the amount of
cigarette tax required for health care cost recovery,
policy makers face a difficult set of trade-offs.

State Excise Tax Rates on Cigarettes (January 1, 2006)

State
Alabama
Alaska
Arizona
Arkansas
California
Colorado
Connecticut
Delaware
Florida
Georgia
Hawaii
Idaho
Illinois
Indiana
Iowa
Kansas
Kentucky
Louisiana
Maine
Maryland
Massachusetts
Michigan
Minnesota
Mississippi
Missouri
Montana

Tax Rate
(¢ Per Pack)

Rank

42.5
160
118
59
87
84
151
55
33.9
37
140
57
98
55.5
36
79
30
36
200
100
151
200
123
18
17
170

39
7
16
32
23
24
8
35
44
41
11
33
21
34
42
27
45
42
4
19
8
4
14
49
50
6

Source: Federation of Tax Administrators.

State
Nebraska
Nevada
New Hampshire
New Jersey
New Mexico
New York
North Carolina
North Dakota
Ohio
Oklahoma
Oregon
Pennsylvania
Rhode Island
South Carolina
South Dakota
Tennessee
Texas
Utah
Vermont
Virginia
Washington
West Virginia
Wisconsin
Wyoming
Dist. of Columbia
U.S. Median

Tax Rate
(¢ Per Pack)
64
80
80
240
91
150
30
44
125
103
118
135
246
7
53
20
41
69.5
119
30
202.5
55
77
60
100
80.0

Rank
30
25
25
2
22
10
45
38
13
18
16
12
1
51
37
48
40
29
15
45
3
35
28
31
19
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On the one hand, if the primary objective is to
generate income to fund health care costs, the tax
should be set such that it will maximize tax revenue. On the other hand, if the primary objective is
to discourage smoking, a much higher tax could be
justified. In either case, however, knowledge of the
true price elasticity of demand is an essential element of this important policy decision. In this chapter, we investigate how to calculate and use such
demand relationships.

1

Based in part on “Add $2 to the Cost of a Pack of Cigarettes”
and “And Even Teen Smokers May Kick the Habit,” BusinessWeek (March 15, 1993), p. 18; “Critics Question Tobacco Pact’s
Effect on Teen Smoking,” Wall Street Journal (August 19,
1997), p. A20; “Major Makers of Cigarettes Raise Prices,”
Wall Street Journal (August 31, 1999), p. A3; and “Politicians
Are Hooked on Cigarette Taxes,” Wall Street Journal
(February 20, 2002), p. A2.
2
The 35 percent price increase in the United States can be
calculated by dividing the $0.62 tax increase by the average
of the original $1.43 and the post-tax $2.05 price.

DEMAND RELATIONSHIPS
Demand relationships can be represented in the form of a schedule (table), graph,
or algebraic function. Each of these forms of presentation provides insights into
demand relationships. This section focuses on schedules and graphs; the next section
discusses algebraic functions.

THE DEMAND SCHEDULE DEFINED
The demand schedule is the simplest form of the demand relationship. It is merely
a list of prices and corresponding quantities of a product or service that would
be demanded by some individual or group of individuals at uniform prices.3
Table 3.1 shows the demand schedule for gasoline. This demand schedule indicates
that if the price per gallon were $2.00, U.S. households would purchase 20 gallons per week. If the price were $3.00, household consumption would be 16 gallons

Table 3.1

3

U.S. Household Demand for Gasoline
Price
($/Gallon)

Quantity Purchased
(Gallons Per Week)

$3.50
$3.00
$2.50
$2.00
$1.50
$1.00

14
16
18
20
22
24

The terms commodity, good, and product are used interchangeably throughout the text to describe both
physical goods and services.
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per week. Note that the lower the price, the greater the quantity per week that
would be demanded. This inverse or negative relationship between price and the
rate of purchase is generally referred to as the “law of demand.” At lower prices,
people are able and willing to purchase more of a commodity than at a higher
price.

CONSTRAINED UTILITY MAXIMIZATION AND DEMAND
The concept of demand is based on the theory of consumer choice. Each consumer
faces a constrained optimization problem, where the objective is to choose among
the combinations of goods and services that maximize satisfaction or utility, subject
to a constraint on the amount of funds (i.e., the household budget) available. Think
of a food and entertainment budget allowance from your employer while you are
traveling on an extended business trip or, alternatively, a set of friends who share
these expenses while rooming together. In this constrained utility-maximizing framework, economists have identified two basic reasons for the increase in quantity
demanded as the result of a price reduction. These factors are known as income and
substitution effects.
INCOME EFFECT When the price of a good—for example, apartment housing
rent—declines, one effect of this decline is an increase in the real income or purchasing power of the consumer, known as the income effect of the price change.
For example, if an individual normally purchases six hundred square feet at
$1,000 per month, a price decline to $800 per month would enable the consumer
to purchase the same amount of housing for $200 less per month. This savings
of $200 represents an increase in real income of $200, which may be used to
purchase greater quantities of housing (as well as other income-superior goods)
each week.
Sometimes the income effect of a price reduction is miniscule because so little
of the household’s budget is expended on the good (like a salt canister purchased
once every other year), but at other times the change in purchasing power is
enormous. Consider a young family who spends 40 percent of their disposable
income on apartment housing. In general, the sign and magnitude of the income
effect of a price change has much to do with the positioning decision in the
firm’s marketing plan (i.e., at whom is the product or service targeted). FrenchAmerican families, for example, spend almost twice as much of their disposable
income on food (22%) as does the representative American family (12%). As a
result, the quantity demanded of income-superior food items such as veal or
wines we would expect to be much more price sensitive among French-American
families.
SUBSTITUTION EFFECT When the price of a good such as movies declines, it becomes
less expensive in relation to other substitute entertainment outings—for example,
restaurant meals. As a result of the price decline, the rational consumer can increase
his or her satisfaction or utility by purchasing more of the good whose price has
declined and less of the substitutes. This situation is known as the substitution effect
of the price change.
For example, suppose that the prices of movie admission and snacks versus
a restaurant meal are $20 and $30, respectively. Furthermore, assume that an
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individual purchases one movie outing and two restaurant meals per week for a total
entertainment expenditure of $80 per week. Suppose that the price of movies
declines to $15.67. As a result of this price decrease, an individual who has a preference for movies may decide to increase his or her consumption to three movies per
week and decrease his or her consumption of restaurant meal outings to one per
week, which requires the same total expenditure of $50 per week. Thus, we see that
a decrease in the relative price of movies to restaurant meals leads to an increase in
the demand for movies, holding purchasing power constant.
In summary, because of the combined impact of the income and substitution
effects, a decline in the price will always have a positive impact on the quantity
demanded for income-superior goods and services (for which more is preferred to
less as income rises). In this case, both the income and substitution effects dictate
an increase in quantity demanded as prices fall. For income-inferior goods and
services, such as efficiency apartments or riding the bus (for which less is preferred
to more as income rises), the income and substitution effects have opposite and partially offsetting impacts on the quantity demanded. The net effect, even in the case
of inferior goods, is usually that more goods and services will be demanded as the
price declines.

Durable Good
A good that yields
benefits to the owner
over a number of
future time periods.

DURABLE GOODS Up to this point it has been implicitly assumed that we are considering the demand for consumer goods to be of a nondurable nature. These goods
are purchased largely to meet current needs, and they generally provide service on
a short-term basis. Food items, ball point pens, and virtually all services fall in this
category, but autos and DVD players are clearly different. One reason is that
by their very nature, durable goods may be stored. Another is that the replacement
of a durable item may be delayed from period to period by performing additional
repair and maintenance or by merely tolerating an old model. For example, an
automobile may be repaired or its out-of-date styling merely endured; an electric
furnace may be fixed again and again at considerably less cost than buying a new
heating system.
Obsolescence in style, convenience, and prestige value play a larger role in affecting the replacement demand of durables. Also, consumer expectations regarding
future levels of income, the availability of complements, and future product price
play a major role in explaining the demand for durable goods. For example, a consumer may ask the following sorts of questions when embarking on a personal
computer purchase:
•
•

Producer’s Good
A good that is not
produced for direct
consumption, but
rather is the raw
material or capital
equipment that is used
to produce a consumer
good (or some other
producer’s good).

•
•

Will new products soon make my computer obsolete?
Will my income be sufficient and steady enough to make the payments on the
computer?
Are prices likely to rise or fall over the next year?
Will adequate software be available over the economic working life of my PC?

Because these expectational factors come into play in evaluating replacement demand,
demand for durable goods is more volatile, and its analysis is more complex than a
similar analysis for nondurables.
DERIVED DEMAND FOR PRODUCER’S GOODS Producer’s goods differ from consumer
goods in that they are not produced for direct consumption but rather are the raw
materials, capital equipment, and parts that are combined in manufacturing.
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As such, the demand for producer’s goods may be thought of as a derived demand
because it is derived from some ultimate consumer desire. For example, the demand for aluminum, a raw material, is dependent on consumer desires and tastes
for those products that are wholly or partially composed of aluminum, such
as home siding and rain gutters, and for those services that are dependent on
aluminum, such as plane travel. Therefore, when analyzing derived demand for
producer’s goods, an account must be taken of purchasing agent criteria and of
the demand for the ultimate consumer goods for which the producer’s goods
are inputs.

THE PRICE ELASTICITY OF DEMAND
From a decision-making perspective, any firm needs to know the magnitude effects
of changes in the determinants of demand. Some of these factors are under the control of management, such as price, advertising, product quality, and customer service. Other demand determinants, including disposable income and the prices of
competitors’ products, are outside the direct control of the firm. Nevertheless, effective demand management still requires that the firm be able to measure the impact of
changes in these variables on the quantity demanded.

EXAMPLE

PIZZA HUT AND FORD DEALERS RESPOND TO DEFICIENT DEMAND
Pizza Hut anticipates a purchase frequency of 60 pizzas per night at a price of $9 and
plans their operations accordingly. When fewer than the 60 customers arrive on a
given evening, the Pizza Hut franchise does something different from what a Ford
auto dealer might do in similar circumstances. The restaurant slashes orders; fewer
pizza dough balls are flattened and spun out and baked. Instead of slashing prices
in the face of deficient demand, restaurants tend delay their release-to-production
orders. Why?
One insight hinges on the lack of customer traffic in a restaurant that might be
attracted by a given discount to purchase more food on short notice. The demand
by Pizza Hut customers is not as price sensitive as the final preparation stages of
Pizza Hut supply are flexible. In other words, supply adjusts more easily than
demand in this case. In contrast, in the auto business at the end of a model year,
customer demand can be stimulated on short notice by sharp price discounts,
while the supply schedule is rigid. Ford Motor Company assembles and ships a
number of cars in response to firm orders by their retail dealers and then insists
on a no-returns policy. Therefore, in the face of deficient demand (below the
planned rate of sale), Ford dealerships slash their asking prices to clear the excess
inventory.
Auto dealerships adopt price discounts as their primary adjustment mechanism,
while restaurants slash orders. Fundamentally, what causes the difference in these
two businesses? In the one case, demand is price sensitive and supply is not (retail
autos at the end of the model year). In the other case, demand is price insensitive,
and supply is quite flexible (restaurants). The difference is characterized by the price
elasticity of demand and supply.
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PRICE ELASTICITY DEFINED

ceteris paribus
Latin for “all other
things held constant.”

Price Elasticity
of Demand
The ratio of the
percentage change
in quantity demanded
to the percentage change
in price, assuming
that all other factors
influencing demand
remain unchanged.
Also called own price
elasticity.

The most commonly used measure of the responsiveness of quantity demanded
to changes in any of the variables that influence the demand function is elasticity.
In general, elasticity may be thought of as a ratio of the percentage change in
one quantity (or variable) to the percentage change in another, ceteris paribus (all
other things remaining unchanged). In other words, how responsive is some dependent variable to changes in a particular determinant of that variable? With this
understanding of elasticity in mind, we define the price elasticity of demand (ED)
as the ratio of the percentage change in quantity demanded to a percentage change
in price:
ED 

%Q
, ceteris paribus
%P

[3.1]

where
Q  change in quantity demanded
P  change in price
Because of the normal inverse relationship between price and quantity demanded,
the sign of the price elasticity coefficient will always be negative.

ARC PRICE ELASTICITY
The arc price elasticity of demand is a technique for calculating price elasticity between
two prices.4 It indicates the effect of a change in price, from P1 to P2, on the quantity
demanded. The following formula is used to compute this elasticity measure:
Q2 
Q2 
a
2
ED 
P2 
P2 
a
2

Q1
Q1
P1
P1

b



Q2  Q1
Q P2  P1
P2  P1


P2  P1
Q2  Q1
P Q2  Q1

[3.2]

b

where
Q1  quantity sold before a price change
Q2  quantity sold after a price change
P1  original price
P2  price after a price change
The fraction (Q2  Q1)2 represents average quantity demanded in the range
over which the price elasticity is being calculated. (P2  P1)2 also represents the
average price over this range.

4

As we will see in the following section dealing with point price elasticities, the price elasticity of a straight-line
demand curve is different at each point on the demand curve. Hence an arc price elasticity computed between
two prices may be thought of as an average of the various point elasticities between the two prices.
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Rearranging Equation 3.2 shows that the elasticity measurement depends on the
inverse of the slope of the ordinary demand curve (i.e., the sensitivity of demand in
the target market to price changes):
Q2  Q1
P2  P1
as well as to the position on the curve (i.e., the price point positioning) where elasticity is calculated:
P2  P1
Q2  Q1
Because the slope remains constant over the entire schedule of linear demand
but the value of (P2  P1)(Q2  Q1) changes, depending on where on the demand
curve elasticity is being calculated, the value of the elasticity measured generally
changes throughout the length of the demand curve. Price elasticity at higher
prices and smaller volume is therefore larger (in absolute value) than price elasticity for the same product and same demanders at lower price points and larger
volume.
To illustrate, consider the demand schedule shown in Table 3.2 for men’s Levi’s
jeans. Calculate the price elasticity between an original price of $19 (14 units are demanded) and a new price of $18. Substituting the relevant data from Table 3.2 into
Equation 3.2 yields
16  14
(16  14)2
ED 
$18  $19
($18  $19)2
 2.46
A price elasticity of demand coefficient of 2.46 means that a 10 percent increase
(decrease) in price can be expected to result in a 24.6 percent decrease (increase) in
quantity demanded, ceteris paribus.

Table 3.2

Demand Schedule: Levi’s Jeans
Price, P
($/Unit)

Quantity Sold, QD
(Units Per Period)

20
19
18
17
16
12
11

12
14
16
18
20
28
30
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Now assume the original price was $12, and a new price of $11 is set. Determine
the price elasticity of demand. Employing Equation 3.2 and the relevant data from
Table 3.2 yields
30  28
(30  28)2
ED 
 0.79
$11  $12
($11  $12)2
A price elasticity of demand of 0.79 means that a 10 percent increase (decrease)
in price can be expected to result in a 7.9 percent decrease (increase) in quantity
demanded, ceteris paribus.
We can also use Equation 3.2 to compute a price that would have to be charged
to achieve a particular level of sales. Consider the NBA Corporation, which had
monthly basketball shoe sales of 10,000 pairs (at $100 per pair) before a price
cut by its major competitor. After this competitor’s price reduction, NBA’s sales
declined to 8,000 pairs a month. From the past experience, NBA estimated the
price elasticity of demand to be about 2.0 in this price-quantity range. If the NBA
wishes to restore its sales to 10,000 pairs a month, determine the price that must
be charged.
Letting Q2  10,000, Q1  8,000, P1  $100, and ED  2.0, the required price,
P2, may be computed using Equation 3.2:
10,000  8,000
(10,000  8,000)2
2.0 
P2  $100
(P2  $100)2
P2  $89.50
A price cut to $89.50 would be required to restore sales to 10,000 pairs a month.

EXAMPLE

PRICE ELASTICITY OF DEMAND: THE MACON TELEGRAPH 5
The Macon Telegraph newspaper is the principal sponsor of the Macon Labor Day
Road Race, a 5K and 10K running event held annually in Macon, Georgia. The
entry fee for the 1999 race was $12 per runner. The fee was raised to $20 per runner
for the 2001 race, in hopes of increasing revenues from the race. Prior to the race,
organizers heard complaints that the fee was too high for that kind of race and that
it precluded many families from being able to afford entry fees.
The newspaper learned a lesson in price elasticity. In 1999 the race attracted 1,600
runners, and thus generated income of $19,200. In 2001, under similar weather conditions, the race attracted only 900 runners, and thus generated income of only
$18,000. Because a ($20  $12)$16  50 percent increase in price resulted in a
massive (7001250)  56 percent decrease in quantity demanded, the total revenue

5

Based on Margaret Chivers, “They Voted with Their Feet,” Running Journal (October 1991), pp. 1–2.
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declined, and the price elasticity of demand over this range is “elastic” (greater than
1.0 in absolute value). Specifically, the price elasticity can be estimated as
ED  [(Q2  Q1)(Q2  Q1)][(P2  P1)(P2  P1)]
 [(900  1,600)(900  1,600)][($20  $12)($20  $12)]
 1.12
That is, the %QD  56 percent is 1.12 times as large as the %P  50 percent;
the demand percentage decrease exceeded the price percentage increase, and that
amount is the difference by which total revenue declined.
In this case, the strategy of raising the price backfired because the newspaper misunderstood or incorrectly estimated the price elasticity of demand.

POINT PRICE ELASTICITY
The preceding formulas measure the arc elasticity of demand; that is, elasticity is
computed over a discrete range of the demand curve or schedule. Because elasticity
is normally different at each point on the curve, arc elasticity is a measure of the
average elasticity over that range.
By employing some elementary calculus, the elasticity of demand at any point
along the curve may be calculated with the following expression:
ED 

∂QD P

∂P QD

[3.3]

where
∂QD
 the partial derivative of quantity with respect to price (the
∂P
inverse of the slope of the demand curve)
QD  the quantity demanded at price P
P  the price at some specific point on the demand curve
The partial derivative of quantity with respect to price, QDP, is merely an
indication of the rate of change in quantity demanded as the price changes. This
incremental change ratio is analogous to
Q2  Q1
Q

P2  P1
P
the discrete change ratio in the arc elasticity measure.
The daily demand function for Christmas trees at sidewalk seasonal sales lots in
mid-December can be used to illustrate the calculation of the point price elasticity.
Suppose that demand can be written algebraically as quantity demanded per day:
QD  45,000  2,500P  2.5Y

[3.4]

If one is interested in determining the point price elasticity when the price (P) is equal
to $40 and per capita disposable personal income (Y) is equal to $30,000, taking the
partial derivative of Equation 3.4 with respect to P yields
∂QD
 2,500 trees per dollar
∂P
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Substituting the relevant values of P and Y into Equation 3.4 gives
QD  45,000  2,500(40)  2.50(30,000)  20,000
From Equation 3.4, one obtains
ED  2,500

EXAMPLE

trees
$8
a
b  2.0
$
10,000 trees

PRICE ELASTICITY OF DEMAND:
THE CASE OF HORSE RACE PARI-MUTUEL BETTING6
Faced with tight budgets and the need to raise additional revenues, many states have
turned to various forms of state-operated legalized gambling. One of the earliest
forms of betting, and still among the most prevalent, is the pari-mutuel wagering system of horse racing. The state revenue from horse race betting comes from a tax
(called the “takeout rate”) on the total of money wagered (called the “handle”). If
the demand for horse race wagering is price inelastic, then states could increase their
tax revenues by increasing the takeout rate. In contrast, if demand is price elastic,
then increases in the takeout rate are likely to lead to declines in state revenues.
Two tracks in New York City lost revenue when they cut the takeout rate from
17 percent to 14 percent. With an inelastic demand, a reduction in “price” results in
a decline in total revenue. At 22 other racetracks, in 21 instances, increases in the
takeout rate resulted in increases in total revenues to both the state and the racing
industry. These revenue effects suggest an inelastic demand for racetrack betting,
insensitive to price increases.

INTERPRETING THE PRICE ELASTICITY: THE RELATIONSHIP
BETWEEN THE PRICE ELASTICITY AND REVENUES
Once the price elasticity of demand has been calculated, it is necessary to interpret
the meaning of the number obtained. The elasticity coefficient may take on absolute
values over the range from 0 to  (infinity). Values in the indicated ranges are
described in Table 3.3.
When demand is unit elastic, a percentage change in price P is matched by
an equal percentage change in quantity demanded QD. When demand is elastic, a

Table 3.3

6

Price Elasticity of Demand in Absolute Values
Range

Description

ED  0
0  |ED |  1
|ED |  1
1  |ED |  
|ED |  

Perfectly inelastic
Inelastic
Unit elastic
Elastic
Perfectly elastic

Based on Donn R. Pescatrice, “The Inelastic Demand for Wagering,” Applied Economics 12 (1980), pp. 1–10.
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Perfectly Elastic and Inelastic Demand Curves

D

PANEL B
Perfectly inelastic
| ED| = 0
D⬘

D
Price ($/unit)

Price ($/unit)

PANEL A
Perfectly elastic
| E D| = ∞

D⬘
Quantity demanded (units)

Quantity demanded (units)

percentage change in P is exceeded by the percentage change in QD. For inelastic
demand, a percentage change in P results in a smaller percentage change in QD. The
theoretical extremes of perfect elasticity and perfect inelasticity are illustrated in
Figure 3.1. AAA-grade January wheat sells on the Kansas City spot market with perfectly elastic demand facing any particular grain dealer; Panel A illustrates this case.
Heroin addicts have almost perfectly inelastic demand; their quantity demanded is
fixed no matter what the price, as indicated in Panel B. However, these extremes are
rarely encountered. Rather, they illustrate the limits of price elasticity.
The price elasticity of demand indicates the effect a change in price will have
on the total revenue that is generated. Because total revenue TR is equal to price
(average revenue), P, times the number of units sold, QD, we may determine, from
our knowledge of demand elasticity, the effect on total revenue when price changes.
When demand elasticity is less than 1 in absolute value (i.e., inelastic), an increase
(decrease) in price will result in an increase (decrease) in total consumer expenditures
(P  QD). This occurs because inelastic demand implies that a given percentage increase
(decrease) in price results in a smaller percentage decrease (increase) in quantity sold.
Table 3.4 illustrates this point. When demand is inelastic (|ED| 1), an increase in price
from $2 to $3, for example, results in an increase in total revenue from $18 to $24.7
In contrast, when demand is elastic (|ED| 1), a given percentage increase (decrease)
in price is more than offset by a larger percentage decrease (increase) in quantity
sold. An increase in price from $9 to $10 results in a reduction in total consumer
expenditure from $18 to $10 (again, see Table 3.4).
When demand is unit elastic, a given percentage change in price is exactly offset
by the same percentage change in quantity demanded, the net result being a constant
total consumer expenditure. If the price is increased from $5 to $6, total revenue
would remain constant at $30, because the decrease in quantity demanded at the

7

The expression |ED|
1 indicates that we are talking about the absolute value of the elasticity coefficient,
rather than its actual negative value. This symbol (| |) is used whenever we refer to absolute values.
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Table 3.4

The Relationship Between Elasticity and Marginal Revenue

Price, P
($/Unit)

Quantity QD
(Units)

Elasticity
ED

Total Revenue
P · QD ($)

Marginal
Revenue ($/Unit)

10
9
8
7
6
5
4
3
2
1

1
2
3
4
5
6
7
8
9
10

6.33
3.40
2.14
1.44
1.00
0.69
0.46
0.29
0.15

10
18
24
28
30
30
28
24
18
10

8
6
4
2
0
2
4
6
8

new price just offsets the price increase (see Table 3.4). When the price elasticity of
demand |ED| is equal to 1 (or is unit elastic), the total revenue function is maximized.
In the example, total revenue equals $30 when price P equals either $5 or $6 and
quantity demanded QD equals either 6 or 5.
The relationship among price, quantity, elasticity measures, marginal revenue,
and total revenue is illustrated graphically in Figure 3.2. When total revenue is maximized, marginal revenue equals zero and demand is unit elastic. At any price higher
than P2, the demand function is elastic. Hence, successive equal percentage increases in
price may be expected to generate higher and higher percentage decreases in quantity
demanded because the demand function is becoming increasingly elastic. Alternatively,
successive equal percentage reductions in price below P2 may be expected to generate
ever lower percentage increases in quantity demanded because the demand function is
more inelastic at lower prices.
To summarize, a change in TR arises from two sources: a change in prices and a
change in unit sales. Specifically,
TR  (P  Q0)  (Q  P1)
then, dividing by P1 · Q0, yields the useful expression:
%TR  (PP1)  (QQ0)
%TR  %P  %ΔQ

[3.5]

That is, the percentage effect on sales revenue is the signed summation of the
percentage change in price and in unit sales.
If Johnson & Johnson lowers the price on BAND-AIDs 10 percent and sales revenue goes up 24 percent, we can conclude that unit sales must have risen 34 percent,
because applying Equation 3.5 gives us
24%  10%  34%
Marginal Revenue
The change in total
revenue that results
from a one-unit change
in quantity demanded.

The relationship between a product’s price elasticity of demand and the marginal
revenue at that price point is one of the most important in managerial economics.
This relationship can be derived by analyzing the change in revenue resulting from
a price change. To start, marginal revenue is defined as the change in total revenue
resulting from lowering price to make an additional unit sale. Lowering price from
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Price Elasticity over Demand Function

Price, marginal revenue ($/unit)

D

| ED| > 1 (elastic)
A

P1

| ED| = 1 (unitary)

B

P2

MC

|ED| < 1 (inelastic)
D⬘

Q2
0

Q1

MR

Quantity (units)

TRmax

Total revenue and total profit ($)

Figure 3.2

Demand Analysis

Total revenue

 max

0

Profit

Q1

Q2

Quantity (units)

P1 to P2 in Figure 3.2 to increase quantity demanded from Q1 to Q2 results in a
change in the initial revenue P1AQ10 to P2BQ20. The difference in these two areas is
illustrated in Figure 3.2 as the two shaded rectangles. The horizontal shaded rectangle
is the loss of revenue caused by the price reduction (P2  P1) over the previous units
sold Q1. The vertical shaded rectangle is the gain in revenue from selling (Q2  Q1)
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additional units at the new price P2. That is, the change in total revenue from
lowering the price to sell another unit can always be written as follows:
MR 

P2 (Q2  Q1 )  (P2  P1 )Q1
TR

Q
(Q2  Q1 )

[3.6]

where P2(Q2  Q1) is the vertical shaded rectangle and (P1  P2)Q1 is the horizontal shaded rectangle. Rearranging, we have
MR  P2 

(P2  P1 )Q1
(Q2  Q1 )

 P2 a1 
MR  P2 a1 

(P2  P1 )Q1
b
(Q2  Q1 )P2
PQ1
b
QP2

The ratio term is the inverse of the price elasticity at the price point P2 using
the quantity Q1. For small price and quantity changes, this number closely approximates the arc price elasticity in Equation 3.2 between P1 and P2. Therefore, the
relationship between marginal revenue and price elasticity can be expressed algebraically as follows:8
MR  P a1 

1
b
ED

8

[3.7]

This equation also can be derived from the definitions of marginal revenue and price elasticity using calculus.
Marginal revenue is equal to the first derivative of total revenue:

MR 

d(TR)
dQD



d(P  QD )
dQD

Using the rule for taking the derivative of a product (see Appendix 2A, Equation 2A.20) yields

MR  P 

dQD

 QD

dQD

dP
dQD

dP
dQD

 P  QD
This equation may be rewritten as

MR  P a1 

QD
P



dP
b
dQD

Recall that the point price elasticity of demand is

ED 
and the term

QD
P



Hence, substituting

dQD
dP



P
QD

dP
is the reciprocal of the point price elasticity measure.
dQD
QD
dP
1

for
results in Equation 3.7:
P
ED
dQD
MR  P a1 

1
b
ED

21605_03_ch3_p075-111.qxd 3/22/07 12:26 Page 91

CHAPTER 3

43

Demand Analysis

Using this equation, one can demonstrate that when demand is unit elastic,
marginal revenue is equal to zero. Substituting ED  1 into Equation 3.7 yields
MR  P a1 

1
b
1

 P(0)
0

EXAMPLE

CONTENT-PROVIDERS PRESS PUBLISHING COMPANIES TO LOWER PRICES
Entertainment and publishing companies pay composers, playwrights, and authors
a fixed percentage of realized sales revenue as a royalty. The two groups often differ
as to the preferred price and unit sales. In Figure 3.2, total revenue can be increased
by lowering the price any time the quantity sold is less than Q2. That is, at any price
above P2 (where marginal revenue remains positive), the total revenue will continue
to climb only if prices are lowered and additional units sold. Composers, playwrights, patent holders, and authors often therefore press their licensing agents and
publishers to lower prices whenever marginal revenue remains positive (i.e., to the
point where demand is unit elastic). The publisher, on the other hand, will wish
to charge higher prices and sell less quantity because operating profits arise from
marginal revenue in excess of marginal cost. Unless marginal cost is zero, the publisher always wants a positive marginal revenue and therefore a price greater than P2
(e.g., P1).

A commission-based sales force and the management team have this same conflict; salespeople often develop ingenious hidden discounts to try to circumvent a
company’s list pricing policies. Lowering the price from P1 to P2 to set |ED|  1 will
always maximize sales revenue, and therefore maximize total commissions.
The fact that total revenue is maximized (and marginal revenue is equal to zero)
when |ED|  1 can be shown with the following example: Custom-Tees, Inc., operates a kiosk in Hanes Mall where it sells custom-printed T-shirts. The demand function for the shirts is
QD  150  10P

[3.8]

where P is the price in dollars per unit and QD is the quantity demanded in units per
period.
The inverse demand curve can be rewritten in terms of P as a function of QD.
P  15 

QD
10

Total revenue (TR) is equal to price times quantity sold.
TR  P  QD
 a15 

QD
b QD
10

 15QD 

Q 2D
10

[3.9]
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Marginal revenue (MR) is equal to the first derivative of total revenue with respect to QD:
MR 

d(TR)
dQD

 15 

QD
5

To find the value of QD where total revenue is maximized, set marginal revenue
equal to zero:9
MR  0
15 

QD
0
5
Q*
D  75 units

Substituting this value into Equation 3.9 yields
P* 15 

75
 $7.50 per unit
10

Thus, total revenue is maximized at Q*
D  75 and P*  $7.50. The following calculation provides a check of the results:
QD P
(7.5)

 1
 (10)
P QD
75
ED  1
ED 

In addition to showing that ED  1 when the total revenue function is at its
maximum, this example also demonstrates that marginal revenue MR is equal
to zero when total revenue is maximized. This finding is not surprising when we
remember that the definition of marginal revenue is the increase in total revenue
resulting from the sale of one additional unit. Beyond the output level where total
revenue is maximized, marginal revenue becomes negative and total revenue
declines; that is, ED 1.

THE IMPORTANCE OF ELASTICITY-REVENUE RELATIONSHIPS
Elasticity is often the key to marketing plans. A product-line manager will attempt
to maximize sales revenue by allocating a marketing expense budget among price
promotions, advertising, retail displays, trade allowances, direct mail, and in-store
couponing. Knowing whether and at what magnitude demand is responsive to each
of these marketing initiatives depends on careful estimates of the various demand
elasticities of price, advertising, promotional displays, and so on.

9

To be certain one has found values for P and QD, where total revenue is maximized rather than minimized,
check the second derivative of TR to see that it is negative. In this case d 2TR/dQD2  1/5, so the total revenue
function is maximized.
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VW’S INVASION OF NORTH AMERICA
When Volkswagen entered the U.S. market with its no-frills automobile, the
original Beetle, European excess inventory had stockpiled at ports and road terminals awaiting export to a new market. Consequently, VW focused for a time on any
demand stimulus that would increase revenue. In the U.S. market, VW had no
dealer network and initially provided sales and service only at the docks in New
Jersey; Charleston, South Carolina; and Houston, Texas. General Motors and Ford
were developing compact cars as well, so VW decided to enter the market at what
appeared to be a ridiculously low promotional price of $800 (approximately
$6,500 in 2007 U.S. dollars). Two years later, a 25 percent price increase was
introduced. Although VW lost some potential customers at $1,000 who were
willing to pay between $800 and $999, the extra $200 per car on all the cars they
continued to sell easily offset the revenue loss at old $800 prices from a few lost
sales. (Compare the two shaded areas in Figure 3.3.) The price elasticity of demand
was in the inelastic range of demand. By 1960, VW had raised the price another
20 percent to $1,200, and again revenue rose. Finally, in 1964 at $1,350, the extra
receipts from the $150 price increase across all remaining sales were just sufficient
to offset the loss in revenue from the lost sales. At $1,350, price elasticity had
reached the unit elastic price point (see Figure 3.3). Volkswagen then proceeded
to build a U.S. dealer network. These changes increased the potential size of the
market in the United States and shifted the demand for Volkswagen products to
the right. At $1,350 with a dealer network and a larger quantity base, the measured
price elasticity then declined (again into the inelastic range), and Volkswagen was
again in a position to raise price.
In 1968, 562,000 Beetles were sold at a price of $1,500, and revenue again
increased (to $843 million). Although the product remained inexpensive ($1,500
in 1968 is about $9,000 today), the Highway Safety Act of 1996, plus Ralph

Figure 3.3

Raising Price with Demand in the Inelastic Range

D with dealer network
$1,800

Price ($/unit)

ED< – 1 (e.g., – 2.4)

$1,500
ED = – 1

$ 1,350

ED > – 1 (e.g., – 0.87)

$ 1,200
$ 1,000
$ 800

+

+

+

+

+

ED > – 1 (e.g., – 0.33)

–
384

D without dealer network
538 562

Quantity in
thousands (autos)
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Nader’s crusade against small rear-engine cars, plus low gasoline prices caused a
loss of interest in Beetles among consumers who started buying large numbers of
Mustangs, Camaros, and a new more powerful Super Beetle. In 1969, revenue and
price of the Beetle increased one last time. At $1,800, revenue was $968 million
($1,800 538,000 units sold). That is, demand remained in the inelastic range, and
thus, a price increase from $1,500 to $1,800 resulted in higher total revenue.

One managerial insight illustrated by this example is that firms should always
seek to raise prices for any products in the inelastic range of their demand. To lower
prices in such a range would both increase costs (of producing and distributing
additional output demanded at the lower prices) and also decrease revenue. It is far
better to approach unit elasticity from below, raising prices thereby increasing revenue while at the same time saving the production and distribution costs. In fact,
astute profit-maximizing firms will carry these price increases right on into the elastic
range beyond the point of maximum revenue and unit elasticity (above and beyond
point B at P2 and Q2 in Figure 3.2).
Starting from the other direction at zero output, a profit-maximizing firm will
only lower price to increase revenue as long as the incremental change in total revenue
(the MR in Figure 3.2) exceeds the positive change in total variable cost (labeled height
MC). That is, the profit-maximizing output will always occur in the elastic region of
the firm’s demand—for example, at a price above the unit elastic price point.
As we saw earlier, unit elasticity is also of special significance for commission-based
employees or anyone whose paycheck rises as sales revenue increases. In general,
composers, playwrights, patent holders, authors, and e-business content providers
want to maximize revenue. Because operating profits occur only when marginal
revenue is in excess of marginal cost, managers want higher prices with somewhat
reduced revenue, much reduced costs, and therefore higher profits. One solution
to this incentives conflict is to involve the content providers in the company’s
profit-sharing plan.

EXAMPLE

PRICE ELASTICITY ESTIMATES FOR COFFEE VARY BY PRICE10
A study by Huang, Siegfried, and Zardoshty on the demand for coffee confirms
the relationship between price levels and the price elasticity of demand shown in
Figure 3.2. After studying coffee demand for the period 1963–1977, they found that
the price elasticity of demand for that period ranged from 0.10 for price levels
prevailing throughout most of the period to 0.89 for the peak price level. Thus,
coffee users are nearly nine times more sensitive to price changes at high prices than
at low price levels. Because these are market-level, not firm-level, elasticity estimates,
observing price elasticities less than 1.0 in absolute value does not contradict the
managerial insight that is conveyed by Figure 3.3; that is, firms will always increase
price until demand is no longer in the inelastic region.

10

Cliff J. Huang, John J. Siegfried, and Farangis Zardoshty, “The Demand for Coffee in the United States,
1963–1977,” Quarterly Review of Economics and Business 20, no. 2 (Summer 1980), pp. 36–50. Another
more recent estimate of the demand elasticity for coffee can be found in Albert A. Okunade, “Functional Forms
and Habits Effects in the U.S. Demand for Coffee,” Applied Economics (November 1992).
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FACTORS AFFECTING THE PRICE ELASTICITY OF DEMAND
The market demand for furniture, a durable good, is extremely price elastic (3.04),
whereas the market demand for caffeinated coffee (0.16) is extremely price inelastic. As shown in Table 3.5, price elasticities vary greatly among different products

Table 3.5

Empirical Price Elasticities

Commodity (Good/Service)
Alcoholic beverages
(consumed at home)
Beer
Wine
Liquor
Apparel
Market
Firms
Coffee
Regular
Instant
Credit charges on bank cards
Dental visits
Adult males
Adult females
Children
Food
Market
Firms
a

Price Elasticity of
Market Demand

.84e
.55e
.50e
1.1m
4.1m
.16b
.36b
2.44l
.65
.78g
1.40g
g

1.0n
3.8n

Commodity (Good/Service)
Furniture
Glassware/China
Household appliances
International air transportation
United States/Europe
Canada/Europe
Outdoor recreation
School lunches
Shoes
Soybean meal
Telephones
Textiles
Market
Firms
Tires
Tobacco products
Tomatoes
Wool

Price Elasticity of
Market Demand
3.04m
1.20c
.64c
1.25h
.82h
.56f
.47d
.73c
1.65j
0.10a
1.5m
4.7m
0.60c
.46c
2.22k
1.32i

D. Cracknell and M. Knott, “The Measurement of Price Elasticities—The BT Experience,” International Journal of Forecasting 11 (1995),
pp. 321–329.
b
Cliff J. Huang, John J. Siegfried, and Farangis Zardoshty, “The Demand for Coffee in the United States, 1963–1977,” Quarterly Review of
Economics and Business 20, no. 2 (Summer 1980), pp. 36–50.
c
H. S. Houthakker and Lester D. Taylor, Consumer Demand in the United States, 2d ed. (Cambridge, MA: Harvard University Press, 1970).
d
George A. Braley and P. E. Nelson, Jr., “Effect of a Controlled Price Increase on School Lunch Participation: Pittsburgh, 1973,” American
Journal of Agricultural Economics (February 1975), pp. 90–96.
e
Dale Heien and Greg Pompelli, “The Demand for Alcoholic Beverages: Economic and Demographic Effects,” Southern Economic Journal
(January 1989), pp. 759–769.
f
Russel L. Gum and W. E. Martin, “Problems and Solutions in Estimating the Demand for and Value of Rural Outdoor Recreation,” American
Journal of Agricultural Economics (November 1975), pp. 558–566.
g
Willard G. Manning, Jr. and Charles E. Phelps, “The Demand for Dental Care,” The Bell Journal of Economics 10, no. 2 (Autumn 1979),
pp. 503–525.
h
J. M. Cigliano, “Price and Income Elasticities for Airline Travel: The North Atlantic Market,” Business Economics (September 1980), pp. 17–21.
i
C. E. Ferguson and M. Polasek, “The Elasticity of Import Demand for Raw Apparel Wool in the United States,” Econometrica 30 (1962),
pp. 670–699.
j
H. Knipscheer, L. Hill, and B. Dixon, “Demand Elasticities for Soybean Meal in the European Community,” American Journal of Agricultural
Economics (May 1982), pp. 249–253.
k
Daniel B. Suits, “Agriculture,” in Structure of American Industry, 7th ed., ed. W. Adams (New York: Macmillan, 1986).
l
J. Starvins, “Can Demand Elasticity Explain Sticky Credit Card Rates?” New England Economic Review (July/August 1996), pp. 43–54.
m
Richard D. Stone and D.A. Rowe, “The Durability of Consumers’ Durable Goods,” Econometrica 28 (1960), pp. 407–416.
n
M. D. Shapiro, “Measuring Market Power in U.S. Industry,” NBER Working Paper, No. 2212, 1987.
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and services.11 Some of the factors that account for the differing responsiveness of
consumers to price changes are examined next.
AVAILABILITY AND CLOSENESS OF SUBSTITUTES The most important determinant of
the price elasticity of demand is the availability and closeness of substitutes. The
greater the number of substitute goods within the relevant market, the more price
elastic is the demand for a product because a customer can easily shift from one good
to a close substitute good if the price rises. The price elasticity of demand for Johnson
& Johnson’s BAND-AIDs is high because numerous companies offer a nearly identical product. The closeness of substitutes is a related but different concept. Intravenous
feeding systems have distant substitutes for hospital patients in shock or otherwise
unable to digest food, so the price elasticity of demand for that product is low. Sunbeam white bread, however, has close substitutes from Sarah Lee, from sourdough
breads, from rolls and bagels. So, in that case, price elasticity of demand is high.
DURABLE GOODS The demand for durable goods tends to be more price elastic than
the demand for nondurables because of the ready availability of a relatively inexpensive substitute in many cases (e.g., the repair of a used television, car, or refrigerator, rather than buying a new one). In addition, consumers of durable goods are
often in a position to wait for a more favorable price, a sale, or a special deal when
buying these items.
PERCENTAGE OF THE CONSUMER’S BUDGET The demand for relatively high-priced
goods tends to be more price elastic than the demand for inexpensive items because
expensive items account for a greater proportion of a person’s budget. Consequently,
we would expect the demand for housing to be more price elastic than the demand
for children’s toys. The greater the percentage of the budget spent on a good, the
larger the purchasing power released by any given price reduction or absorbed by
any given price increase. And the larger this “income effect,” the greater the price
elasticity for normal goods.

EXAMPLE

DETERMINANTS OF THE PRICE ELASTICITY OF DEMAND FOR HOUSING
12
IN SAN FRANCISCO, KANSAS CITY, AND HOUSTON
Residents of San Francisco spend 39.7 percent of their after-tax income on housing,
while residents of Kansas City and Houston spend only 18.4 percent and 18.7 percent, respectively. This difference in the allocation of a typical household’s budget
implies that the increase in a San Franciscan’s purchasing power for all goods
and services, if housing costs in general fall by 10 percent, will be more than
twice as large as the increase in purchasing power enjoyed by a Kansas Citian or
Houstonian for the same 10 percent decline in housing costs. The demand for all
“normal” or income-superior goods should rise more in San Francisco than in
Kansas City or Houston. Because housing is an income-superior good, one might
expect the percentage increase in demand for housing in San Francisco to be larger
than in Kansas City or Houston for an equal percentage reduction in price in all
three locations.
11

Rothstein-Tauber, Inc. is one of a number of consulting firms that estimates price elasticities. You can access
their Internet site at www.rti-dfd.com.

12

Based on “The Home Front,” Wall Street Journal (July 11, 1997), p. B6.
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Recall that this reasoning assumes that all other factors influencing quantity
demanded have remained unchanged (i.e., comparable neighborhoods, comparable
size, comparable styles, etc.). If this assumption (ceteris paribus) is not met, the price
elasticity of housing in the three cities may be quite different. This warning applies
to all elasticity calculations and analysis.

TIME FRAME OF ANALYSIS Over time, the demand for many products tends to become
more elastic because of the increase in the number of effective substitutes that become
available. For example, in the short run, the demand for gasoline may be relatively
price inelastic because the only available alternatives are not taking a trip or using
some form of public transportation. Over time, as consumers replace their cars, they
find another excellent substitute for gasoline—namely, more fuel-efficient vehicles.
Also, other product alternatives may become available, such as electric cars or cars
powered by natural gas.
Another reason the time frame of analysis affects the elasticity involves transaction
costs. Almost all purchases necessitate a certain transportation and time expense on
the part of both buyer and seller. In addition, to respond to a price decrease, potential
customers must first learn about the discount and then incur the cost of adjusting
their own schedules to complete a purchase during the sale period. Because both
search and adjustment costs for consumers are higher if sale prices last only a few
minutes, the demand response to price changes is diminished the shorter the time
period of adjustment. Predictable end-of-model-year promotions in the auto industry
lasting throughout the month of August stimulate much more elastic demand than
unannounced “Midnight Madness” sales that last only a few hours.

FREE TRADE

AND THE

PRICE ELASTICITY

The 1990s were characterized by an explosion of freetrade agreements among important trading partners.
The Europe 1992 plan virtually eliminated trade barriers, and goods now flow freely and without tariffs from
one European country to another. Increasing standardization of products in these markets will further reduce
trading barriers. In 1994, the North American Free
Trade Agreement (NAFTA) was ratified in the United
States, Canada, and Mexico, and the General Agreement on Tariffs and Trade (GATT) was implemented,
leading to a worldwide reduction in tariffs and other
trade barriers. In 2001, the United States launched the
Doha Round of free trade talks that continue to the
present.
What are the implications of these reduced trade
barriers for estimates of price elasticity of demand?
Free trade results in an effective increase in the number

OF

DEMAND: NESTLÉ YOGURT

of substitute goods that are available to consumers and
businesses in any country. Consequently, as barriers to
free trade come down, demand will become more price
elastic for goods that historically have not been able to
flow easily between countries. Nestlé’s yogurt and custard products now travel from manufacturing sites in
the British Midlands to Milan in 17 hours, whereas the
customs processing and transportation bottlenecks once
required 38 hours. Similarly, iron forging of crankshafts
and engine blocks for U.S. autos now occurs primarily
in Mexico, and transmissions for Detroit are often
constructed as subassemblies in Japan. The winners in
this globalization process should be consumers, who
will have a wider variety of products to choose from at
ever more competitive prices. The losers will be those
firms that cannot compete in a global market on the
basis of cost, quality, and service.
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THE INCOME ELASTICITY OF DEMAND
Among the variables that affect demand, disposable income of the target market is
often one of the most important. Business analysts compute an income elasticity of
demand analogous to the price elasticity of demand.

INCOME ELASTICITY DEFINED
Income Elasticity
The ratio of the
percentage change in
quantity demanded to
the percentage change
in income, assuming
that all other factors
influencing demand
remain unchanged.

Income elasticity of demand measures the responsiveness of a change in quantity
demanded of some commodity to a change in income. It can be expressed as
Ey 

%QD
, ceteris paribus
%Y

[3.10]

where
QD  change in quantity demanded
Y  change in income
Various measures of income can be used in the analysis. One commonly used
measure is consumer disposable income, calculated on an aggregate, household, or
per capita basis.

ARC INCOME ELASTICITY
The arc income elasticity is a technique for calculating income elasticity between two
income levels. It is computed as
Q2  Q1
(Q2  Q1 )2
Q (Y1  Y2 )
Ey 

Y2  Y1
Y (Q1  Q2 )
(Y2  Y1 )2

[3.11]

where Q2  quantity sold after an income change
Q1  quantity sold before an income change
Y2  new level of income
Y1  original level of income
For example, assume that an increase in disposable personal income in Rhode
Island from $1.00 billion to $1.10 billion is associated with an increase in boat sales
in the state from 5,000 to 6,000 units. Determine the income elasticity over this
range. Substituting the relevant data into Equation 3.11 yields
6,000  5,000
(6,000  5,000)2
1,000 ($2.10)
Ey 

$1.10  $1.00
$0.10 (11,000)
($1.10  $1.00)2
 1.91
Thus, a 1 percent increase in income would be expected to result in a 1.91 percent
increase in quantity demanded, ceteris paribus.
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POINT INCOME ELASTICITY
The arc income elasticity measures the responsiveness of quantity demanded to
changes in income levels over a range. In contrast, the point income elasticity provides a measure of this responsiveness at a specific point on the demand function.
The point income elasticity is defined as
Ey 

∂QD Y
⋅
∂Y QD

[3.12]

where Y  income
QD  quantity demanded of some commodity
∂QD
 the partial derivative of quantity with respect to income
∂Y
The algebraic demand function for Christmas trees (Equation 3.4) introduced
earlier in the chapter can be used to illustrate the calculation of the point income
elasticity. Suppose one is interested in determining the point income elasticity when
the price is equal to $40 and per capita personal disposable income is equal to
$30,000. Taking the partial derivative of Equation 3.4 with respect to Y yields
∂QD
 2.50
∂Y
Recall from the point price elasticity calculation described earlier in the chapter that
substituting P  $40 and Y  $30,000 into Equation 3.4 gave QD equal to 20,000
units. Therefore, from Equation 3.12, one obtains
Ey  2.50 a

$30,000
b  3.75
20,000

Thus, from an income level of $30,000, one could expect demand for Christmas
trees to increase by 37.5 percent for each 10 percent increase in per capita disposable
income, ceteris paribus.
INTERPRETING THE INCOME ELASTICITY For most products, income elasticity is expected
to be positive; that is, Ey 0. Such goods are referred to as normal or income-superior
goods. Those goods having a calculated income elasticity that is negative are called
inferior goods. Inferior goods are those that are purchased in smaller absolute quantities as the income of the consumer increases. Such food items as canned mackerel
and dried beans, or subcompact autos are frequently cited as examples of inferior
goods. They may compose a large part of a low-income diet or transportation budget, but may virtually disappear as income levels increase.
Income elasticity is typically defined as being low when it is between 0 and 1 and
high if it is greater than 1. Goods that are normally considered luxury items generally have a high income elasticity, whereas goods that are necessities (or perceived as
necessities) have low income elasticities.
Knowledge of the magnitude of the income elasticity of demand for a particular
product is especially useful in relating forecasts of economic activity. In industries
that produce goods having high income elasticities (such as new furniture), a major
increase or decrease in economic activity will have a significant impact on demand.
Knowledge of income elasticities is also useful in developing marketing strategies for
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products. For example, products having a high income elasticity can be promoted as
being luxurious and stylish, whereas goods having a low income elasticity can be
promoted as being economical.

EXAMPLE

INCOME ELASTICITIES: EMPIRICAL ESTIMATES
Estimates of the income elasticity of demand have been made for a wide variety of
goods and services, as shown in Table 3.6. Note that the income elasticities for goods
that are often perceived as necessities (e.g., many food items, housing) are less than
1.0, whereas the income elasticities for items that are usually viewed as luxuries (e.g.,
European travel) are greater than 1.0.

Table 3.6

Empirical Income Elasticities
Commodity (Good/Service)
International air transportation
Apples
Beef
Chicken
Dental visits
Adult males
Adult females
Children
Housing (low-income renters)
Milk
Oranges
Potatoes
Tomatoes

Income Elasticity
1.91a
1.32b
1.05b
.28b
.61c
.55c
.87c
.22d
.50a
.83a
.15a
.24a

a
J. M. Cigliano, “Price and Income Elasticities for Airline Travel: The North Atlantic Market,” Business Economics
(September 1980), pp. 17–21.
b
Daniel B. Suits, “Agriculture,” in Structure of American Industry, 7th ed., ed. W. Adams (New York: Macmillan,
1986).
c
Willand G. Manning, Jr. and Charles E. Phelps, “The Demand for Dental Care,” The Bell Journal of Economics
10, no. 2 (Autumn 1979), pp. 503–525.
d
Elizabeth A. Roistacher, “Short-Run Housing Responses to Changes in Income,” American Economic Review
(February 1977), pp. 381–386.

Cross Price Elasticity
The ratio of the percentage change in
the quantity demanded
of Good A to the percentage change in the
price of Good B, assuming that all other factors
influencing demand
remain unchanged.

CROSS PRICE ELASTICITY OF DEMAND
Another determinant of demand that substantially affects the demand for a product
is the price of a related (substitute or complementary) product.

CROSS PRICE ELASTICITY DEFINED
The cross price elasticity of demand, Ex, is a measure of the responsiveness of changes
in the quantity demanded (QDA) of Product A to price changes for Product B (PB).
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[3.13]

where QDA  change in quantity demanded of Product A
PB  change in price of Product B

ARC CROSS PRICE ELASTICITY
The arc cross price elasticity is a technique for computing cross elasticity between
two price levels. It is calculated as
QA2  QA1
QA (PB2  PB1 )
(QA2  QA1 )2
Ex 

PB2  PB1
PB (QA2  QA1 )
(PB2  PB1 )2

[3.14]

where QA2  quantity demanded of A after a price change in B
QA1  original quantity demanded of A
PB2  new price for Product B
PB1  original price for Product B
For example, suppose the price of butter, PB, increases from $1 to $1.50 per
pound. As a result, the quantity demanded of margarine, QA, increases from 500
pounds to 600 pounds a month at a local grocery store. Compute the arc cross price
elasticity of demand. Substituting the relevant data into Equation 3.14 yields
600  500
(600  500)2
100 ($2.50)
Ex 

$1.50  $1.00
$0.50 (1,100)
($1.50  $1.00)2
 0.45
This result indicates that a 10 percent increase in the price of butter will lead to
a 4.5 percent increase in the quantity demanded of margarine, which is, of course,
a butter substitute.

POINT CROSS PRICE ELASTICITY
In similar fashion, the point cross price elasticity between Products A and B may be
computed as
Ex 

∂QA PB

∂PB QA

where PB  price of Product B
QA  quantity demanded of Product A at price point PB
∂QA
 the partial derivative of QA with respect to PB
∂PB

[3.15]

21605_03_ch3_p075-111.qxd 3/22/07 12:26 Page 102

54

PART II

Demand and Forecasting

INTERPRETING THE CROSS PRICE ELASTICITY
If the cross price elasticity measured between Products A and B is positive (as might
be expected in our butter/margarine example or between such products as plastic
wrap and aluminum foil), the two products are referred to as substitutes for each
other. The higher the cross price elasticity, the closer the substitute relationship. A
negative cross price elasticity, on the other hand, indicates that two products are
complementary. For example, a significant decrease in the price of DVD players
would probably result in a substantial increase in the demand for DVDs.

ANTITRUST AND CROSS PRICE ELASTICITIES
The number of close substitutes may be an important determinant of the degree of
competition in a market. The fewer and poorer the number of close substitutes that
exist for a product, the greater the amount of the producing or selling firm’s market
power. An important issue in antitrust cases involves the appropriate definition of the
relevant product market to be used in computing statistics of market control (e.g.,
market share). A case involving DuPont’s production of cellophane was concerned
with this issue. Does the relevant product market include just the product cellophane
or does it include the much broader flexible packaging materials market?
The Supreme Court found the cross price elasticity of demand between cellophane and other flexible packaging materials to be sufficiently high so as to exonerate DuPont from a charge of monopolizing the market.13 Had the relevant product
been considered to be cellophane alone, DuPont would have clearly lost, because
it produced 75 percent of all cellophane output and its only licensee, Sylvania,
produced the rest. But when other flexible packaging materials were included in the
product market definition, DuPont’s share dropped to an acceptable 18 percent
level. The importance of the definition of the relevant product market and the determination of the cross price elasticity of demand among close substitute products has
often been emphasized by the Courts.14

EXAMPLE

WHY PAY MORE FOR FAX PAPER AND STAPLES AT STAPLES?15
Just what constitutes an available substitute has as much to do with the cross price
elasticity of rival firm supply as it does with the cross price elasticity of demand. In
a hotly contested recent merger proposal, the Federal Trade Commission (FTC) has
argued that office superstores such as OfficeMax, Office Depot, and Staples are a
separate relevant market from other smaller office supply retailers. Office Depot had
46 percent of the $13.22 billion in 1996 superstore sales of office supplies; Staples
had 30 percent, and OfficeMax had the remaining 24 percent. Office Depot and
Staples proposed to merge, thereby creating a combined firm with 76 percent of the
market. Such mergers have been disallowed many times under the Sherman Antitrust
Act’s prohibition of monopolization.
13

U.S. v. DuPont, 351 U.S. 377 (1956).

14

See, for example, U.S. v. Alcoa, 148 F.2d., 416, 424; Times Picayune Publishing Co. v. U.S., 345 U.S. 594;
Continental Can Co. v. U.S., 378 U.S., 441, 489. See John E. Kwoka and Lawrence J. White, The Antitrust
Revolution: Economics, Competition, and Policy (New York: Oxford University Press, 1999) for a further discussion of some of the economic issues involved in antitrust laws.
15

Based on “FTC Votes to Bar Staples’ Bid for Rival,” Wall Street Journal (March 11, 1997), p. A3.
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The two companies insisted, however, that their competitors included not only
OfficeMax but all office supply distribution channels, including small paper goods
specialty stores, department stores, discount stores like Target, warehouse clubs like
Sam’s Club, office supply catalogs, and some computer retailers. This larger office
supply industry is fragmented, easy to enter (or exit), and huge; 1996 sales topped
$185 billion. By this latter standard, the proposed merger involved admittedly the
largest players in the industry, but companies with only 3–5 percent market shares.
Under this alternative interpretation of the relevant market, Office Depot and Staples
should have been allowed to proceed with their merger.
Have superstores such as Home Depot and Lowes in do-it-yourself building
supplies, PetSmart in pet supplies, and Office Depot, OfficeMax, and Staples created
a new time-saving customer shopping experience and demand pattern in towns where
they are clustered? Office supply products are search goods for which customers can
detect quality prior to purchase and locate just the quality-price combination they
desire. Brand name reputations should therefore have little effect on repeat purchase
shopping patterns at Office Depot and Staples. Is this case devoid of a rationale for
antitrust action? Have successful entrepreneurs simply created a new segment within
the traditional relevant market for office products?
The FTC undertook two sets of experiments to advise the commissioners who
voted to deny the proposed merger. Prices for everything from paper clips to fax
paper were sampled in 40 cities and towns where Office Depot and Staples competed
and in other similar locations where only one of the superstores was present. The
prices were significantly higher in the single superstore markets. Apparently, despite
an enormous rival supply of traditional office product retailers, target customers
(e.g., secretaries responsible for securing resupply) are willing to pay more for staples
at Staples.
As Wal-Mart demonstrated in other search good categories, shoppers will flock to
a superstore despite numerous small retailers closer to the customer. So, despite the
enormous preexisting supply of traditional rivals and the exceptional ease of entry
(and exit) on a small scale, competition for superstore retailers comes only from other
superstore retailers. As a result, the Sherman Act warrants denying the proposed
merger in office supply superstores. Although stores such as Wal-Mart are entitled
to become “category killers” on their own sales growth, the FTC has decided to bar
superstore mergers as a route to obtaining near-monopoly status.

AN EMPIRICAL ILLUSTRATION OF PRICE, INCOME, AND CROSS ELASTICITIES
A study by Chapman, Tyrrell, and Mount examined the elasticity of energy use by
residential, commercial, and industrial users during the period 1946–1972.16 They
hypothesized that the demand for electricity was determined by the price of electricity,
income levels, and the price of a substitute good—natural gas.
Table 3.7 summarizes the electricity-use elasticities with respect to price, income,
and the substitute product (here, natural gas) prices. As shown in the table, the price
elasticity of demand for electricity was relatively elastic in all markets, with the highest
price elasticity being in the industrial market. These findings are consistent with the
16

D. Chapman, T. Tyrrell, and T. Mount, “Electricity Demand Growth and the Energy Crisis,” Science (November 17,
1972), p. 705.
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Table 3.7

Electricity-Use Elasticities

Residential market
Commercial market
Industrial market

Price
Elasticity

Income
Elasticity

Cross
Elasticity (Gas)

1.3
1.5
1.7

0.3
0.9
1.1

0.15
0.15
0.15

observation that many assembly plants, foundries, and other heavy industrial users
switch to self-generated power with natural gas-fired turbines when electricity prices
spike. The positive cross elasticity shows that electricity and natural gas are, indeed,
substitute goods.

OTHER DEMAND ELASTICITY MEASURES17
ADVERTISING ELASTICITY
Advertising elasticity measures the responsiveness of sales to changes in advertising
expenditures. It is measured by the ratio of the percentage change in sales to a
percentage change in advertising expenditures. The higher the advertising elasticity
coefficient, the more responsive sales are to changes in the advertising budget. An
awareness of this elasticity measure may assist advertising or marketing managers
in their determination of appropriate levels of advertising outlays relative to price
promotions or display and packaging expenditures.

ELASTICITY OF PRICE EXPECTATIONS
In an inflationary environment or in projecting durable goods demand (housing
demand, for example), the elasticity of price expectations may provide helpful
insights. It is defined as the percentage change in future prices expected as a result of
current percentage price changes. A coefficient that exceeds unity indicates that buyers expect future prices to rise (or fall) by a greater percentage amount than current
prices. A positive coefficient that is less than unity indicates that buyers expect future
prices to increase (or decrease) but by a lesser percentage amount than current price
changes.
A positive coefficient of price expectations (especially one greater than unity) suggests consumers or intermediate producers may try to beat future price increases by
stockpiling the commodity. The stockpiling by Folgers that occurs when crops freeze
(e.g., coffee beans in South America) can be explained, at least in part, by the effects
of a high elasticity of price expectations.
17

In addition to demand elasticities, one can also define a price elasticity of supply. The price elasticity of supply measures the responsiveness of quantity supplied by producers to changes in prices. An inelastic supply function is one whose price elasticity coefficient is less than unity. It indicates that a 1 percent change in price will
lead to a less than 1 percent change in quantity supplied. An elastic supply function has an elasticity coefficient
greater than unity, indicating that a 1 percent change in price will result in a greater than 1 percent change in
quantity supplied. Because producers are normally willing to supply more at higher prices, the sign of the price
elasticity coefficient of supply will normally be positive.
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THE COMBINED EFFECT OF DEMAND ELASTICITIES
When two or more of the factors that affect demand change simultaneously, one is often
interested in determining their combined impact on quantity demanded. For example,
suppose that a firm plans to increase the price of its product next period and anticipates that consumers’ disposable incomes will also increase next period. Other factors
affecting demand such as advertising expenditures and competitors’ prices are expected
to remain the same in the next period. From the formula for the price elasticity
(Equation 3.1), the effect on quantity demanded of a price increase would be equal to
%QD  ED(%P)
Similarly, from the formula for the income elasticity (Equation 3.11), the effect on
quantity demanded of an increase in consumers’ incomes would be equal to
%QD  Ey(%Y)
Each of these percentage changes (divided by 100 to put them in a decimal form)
would be multiplied by current period demand (Q1) to get the respective changes in
quantity demanded caused by the price and income increases. Assuming that the
price and income effects are independent and additive, the quantity demanded next
period (Q2) would be equal to current period demand (Q1) plus the changes caused
by the price and income increases:
Q2  Q1  Q1 [ED(%P)]  Q1[Ey(%Y)]
or
Q2  Q1 [1  ED(%P)  Ey(%Y)]

[3.16]

The combined use of income and price elasticities, illustrated here for forecasting
demand, can be generalized to include any of the elasticity concepts that were developed in the preceding sections of this chapter.

EXAMPLE

PRICE AND INCOME EFFECTS: THE SEIKO COMPANY
Suppose Seiko is planning to increase the price of its watches by 10 percent in the
coming year. Economic forecasters expect real disposable personal income to increase
by 6 percent during the same period. From past experience, the price elasticity of
demand has been estimated to be approximately 1.3 and the income elasticity has
been estimated at 2.0. These elasticities are assumed to remain constant over the
range of price and income changes anticipated. Seiko currently sells 2 million
watches per year. Determine the forecasted demand for next year (assuming that the
percentage price and income effects are independent and additive). Substituting the
relevant data into Equation 3.16 yields
Q2  2,000,000 [1  (1.3)(0.10)  (2.0)(0.06)]
 1,980,000 units
The forecasted demand for next year is 1.98 million watches assuming that other
factors that influence demand, such as advertising and competitors’ prices, remain
unchanged. In this case, the positive impact of the projected increase in household
income is more than offset by the decline in quantity demanded associated with a
price increase.
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SUMMARY
• Demand relationships can be represented in the form
of a schedule (table), graph, or algebraic function.
• The demand curve is downward sloping, indicating
that consumers are willing to purchase more units of a
good or service at lower prices.
• Changes in price result in movement along the demand
curve, whereas changes in any of the other variables in
the demand function result in shifts of the entire demand
curve. Thus “changes in quantity demanded along” a
particular demand curve result from price changes. In
contrast, when one speaks of “changes in demand,” one
is referring to shifts in the entire demand curve.
• Some of the factors that cause a shift in the entire demand curve are changes in the income level of consumers, the price of substitute and complementary
goods, the level of advertising, competitors’ advertising expenditures, population, consumer preferences,
time period of adjustment, taxes or subsidies, and
price expectations.
• Elasticity refers to the responsiveness of one economic
variable to changes in another related variable. Thus
price elasticity of demand refers to the percentage
change in quantity demanded associated with a percentage change in price, holding constant the effects of
other factors thought to influence demand. Demand is

Exercises

1.

Answers to the exercises
in blue can be found in
Appendix C at the back
of the book.

2.

3.

•

•

•

•

•

said to be relatively price elastic if a given percentage
change in price results in a greater percentage change in
quantity demanded. Demand is said to be relatively price
inelastic if a given percentage change in price results in a
lesser percentage change in quantity demanded.
When demand is unit elastic, marginal revenue equals
zero and total revenue is maximized. When demand is
elastic, an increase (decrease) in price will result in a
decrease (increase) in total revenue. When demand is
inelastic, an increase (decrease) in price will result in
an increase (decrease) in total revenue.
Prices should always be increased in the inelastic region
of the firm’s demand because lower price points would
result in reduced revenue, despite increased unit sales.
Income elasticity of demand refers to the percentage
change in quantity demanded associated with a percentage change in income, holding constant the effects
of other factors thought to influence demand.
Cross elasticity of demand refers to the percentage
change in quantity demanded of Good A associated
with a percentage change in the price of Good B.
An understanding of the magnitude of various elasticity measures for a product can be extremely helpful
when forecasting demand and formulating marketing
or operations plans.

Federal excise taxes on gasoline vary widely across the developed world. The United
States has the lowest taxes at US$0.40 per gallon (or £0.07 per litre), Canada has taxes
of US$0.60 per gallon, Japan and much of Europe are US$2.00 per gallon, while Britain
has the highest tax at US$2.83 a gallon or £0.5 per litre. If gasoline taxes are intended to
reduce the time losses from road congestion in urban environments and gasoline pretax
costs about £0.40 per litre, why might the optimal tax in Canada be 50 percent higher
than in the United States? What would be an explanation for why adjacent countries
would have such different estimates of the price elasticity of demand for auto driving?
[Based on “Fueling Discontent,” The Economist, May 19, 2001, p. 69.]
Between 2000 and 2005, the quantity of automobiles produced and sold declined by
20 percent. During this period the real price of cars increased by 5 percent, real income
levels declined by 2 percent, and the real cost of gasoline increased by 20 percent.
Knowing that the income elasticity of demand is 1.5 and the cross price elasticity of
gasoline and cars is 0.3,
a. Compute the impact of the decline in real income levels on the demand for cars.
b. Compute the impact of the gasoline price increase on the demand for cars.
c. Compute the price elasticity of the demand for cars during this period.
The Reliable Aircraft Company manufactures small, pleasure-use aircraft. Based on
past experience, sales volume appears to be affected by changes in the price of the
planes and by the state of the economy as measured by consumers’ disposable personal
income. The following data pertaining to Reliable’s aircraft sales, selling prices, and
consumers’ personal income were collected:
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Year

Aircraft
Sales

Average
Price

Disposable Personal Income
(in Constant 2006 Dollars–Billions)

2006
2007
2008

525
450
400

$7,200
8,000
8,000

$610
610
590

a.
b.
c.

4.

5.

6.

7.

Table 1

Estimate the arc price elasticity of demand using the 2006 and 2007 data.
Estimate the arc income elasticity of demand using the 2007 and 2008 data.
Assume that these estimates are expected to remain stable during 2009. Forecast
2009 sales for Reliable assuming that its aircraft prices remain constant at 2008
levels and that disposable personal income will increase by $40 billion. Also
assume that arc income elasticity computed in part (b) is the best available estimate
of income elasticity.
d. Forecast 2009 sales for Reliable given that its aircraft prices will increase by $500
from 2008 levels and that disposable personal income will increase by $40 billion.
Assume that the price and income effects are independent and additive and that the
arc income and price elasticities computed in parts (a) and (b) are the best available
estimates of these elasticities to be used in making the forecast.
In an attempt to increase revenues and profits, a firm is considering a 4 percent increase
in price and an 11 percent increase in advertising. If the price elasticity of demand is
1.5 and the advertising elasticity of demand is 0.6, would you expect an increase or
decrease in total revenues?
Many states offer drivers an opportunity to express their individuality with their automobile license plates. For the privilege of having your license plate imprinted with your
own custom message—such as SINGLE, PISCES, MY BENZ, B-PHIT—drivers normally pay a small premium to the state.
In 1985 when vanity license plates were introduced in Texas, they could be acquired
for a mere $20 over the cost of a normal license plate. By 2005 the price had jumped to
$50. At this price 154,000 Texans invested in “their own automotive identity.” As Texas
legislative leaders frantically scrambled for new sources of revenue, the Texas legislature
tripled the price to $150. Sales tumbled to only 56,000 custom plates. Faced with this
sudden decline in demand, the legislature cut the price to $80. The Texas legislators
learned a quick lesson in the concept of price elasticity.
a. What assumptions do you believe led the legislature to increase the price three-fold?
b. Compute the arc price elasticity of demand between $50 and $150, assuming no
other factors affecting the demand for license plates changed. Given this calculation,
why do you feel the legislature cut the price to $80?
c. What other factors should be considered in future pricing decisions by the legislature?
Two goods have a cross price elasticity of 1.2.
a. Would you describe these goods as substitutes or complements?
b. If the price of one of the goods increases by 5 percent, what will happen to the
demand for the other product, holding constant the effects of all other factors?
The Sydney Transportation Company operates an urban bus system in New South
Wales, Australia. Economic analysis performed by the firm indicates that two major
factors influence the demand for its services: fare levels and downtown parking rates.
Table 1 presents information available from 2005 operations. Forecasts of future fares
and hourly parking rates are presented in Table 2.
Average Daily
Transit Riders (2005)

Average Downtown
Round-Trip Fare

Parking Rate

5,000

$1.00

$1.50
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Table 2

8.

Year

Round-Trip Fare

Average Parking Rates

2006
2007

$1.00
$1.25

$2.50
$2.50

Sydney’s economists supplied the following information so that the firm can estimate
ridership in 2006 and 2007. Based on past experience, the coefficient of cross elasticity
between bus ridership and downtown parking rates is estimated at 0.2, given a fare of
$1.00 per round trip. This level of elasticity is not expected to change for a fare increase
to $1.25. The price elasticity of demand is currently estimated at 1.1, given hourly
parking rates of $1.50. It is estimated, however, that the price elasticity will change to
1.2 when parking rates increase to $2.50. Using these data, estimate the average daily
ridership for 2006 and 2007.
The demand function for bicycles in Holland has been estimated to be
Q  2,000  15Y  5.5P

9.

10.
11.

12.

where Y is income in thousands of euros, Q is the quantity demanded in units, and P is the
price per unit. When P  150 euros and Y  15(000) euros, determine the following:
a. Price elasticity of demand
b. Income elasticity of demand
If the price of DVD players declines by 20 percent and the total revenue from the sale
of DVD players rises, what can you say about the price elasticity of demand for DVD
players? Will this price reduction necessarily lead to an increase in profits for DVD
player manufacturers?
If the marginal revenue from a product is $15 and the price elasticity of demand is
1.2, what is the price of the product?
The demand for renting motorboats in a resort town has been estimated to be QD 
5,000  50P, where QD is the quantity of boats demanded (boat-hours) and P is the
average price per hour to rent a motorboat. If this relationship holds true in the future:
a. How many boat-hours will be demanded at rental prices of $10, $20, and $30 per
hour?
b. What is the arc price elasticity of demand between $10 and $20? Between $20 and
$30?
c. What is the point price elasticity of demand at $10, $20, and $30?
d. If the number of boat rental hours was 4,250 last year, what would you expect the
average rental rate per hour to have been?
A typical consumer behaved in the following manner with respect to purchases of butter over the past eight years:

Year

Price of Butter
($/Pound)

Quantity of
Butter Purchased
(Pounds)

Real Income
(Dollars)

Price of
Margarine
($/Pound)

1
2
3
4
5
6
7
8

$.95
1.10
1.10
1.10
1.15
.99
.99
.99

200
180
190
200
170
190
175
150

$11,000
11,000
11,500
11,500
11,500
11,500
10,500
10,500

$.65
.65
.65
.90
.90
.90
.90
.65
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Compute all meaningful price, income, and cross elasticity coefficients. (Remember
that the effects of other factors need to be held constant when computing any one of
these coefficients.)
Given the following demand function:
Price
P ($)

Quantity
QD (Pounds of Steak)

Arc Elasticity
ED

Total Revenue
($)

Marginal Revenue
($/Unit)

$12
11
10
9
8
7
6
5
4

30
40
50
60
70
80
90
100
110

n.a.
__________
__________
__________
__________
__________
__________
__________
__________

__________
__________
__________
__________
__________
__________
__________
__________
__________

n.a.
__________
__________
__________
__________
__________
__________
__________
__________

a.
b.
14.

Compute the associated arc elasticity, total revenue, and marginal revenue values.
On separate graphs, plot the demand function, total revenue function, and
marginal revenue function.
A number of empirical studies of automobile demand yielded the following estimates of
income and price elasticities:
Study
Chow
Alkinson
Roos and Von Szeliski
Suits

15.

Income Elasticity

Price Elasticity

3.0
2.5
2.5
3.9

1.2
1.4
1.5
1.2

Assume that income and price effects on automobile sales are independent and
additive. Assume also that the auto companies intend to increase the average price of
an automobile by about 6 percent in the next year and that next year’s disposable personal
income is expected to be 4 percent higher than this year’s. If this year’s automobile sales
were 11 million units, how many would you expect to be sold under each pair of price
and income demand elasticity estimates?
The Stopdecay Company sells an electric toothbrush for $25. Its sales have averaged
8,000 units per month over the last year. Recently, its closest competitor, Decayfighter,
reduced the price of its electric toothbrush from $35 to $30. As a result, Stopdecay’s
sales declined by 1,500 units per month.
a. What is the arc cross elasticity of demand between Stopdecay’s toothbrush and
Decayfighter’s toothbrush? What does this elasticity indicate about the relationship
between the two products?
b. If Stopdecay knows that the arc price elasticity of demand for its toothbrush is
1.5, what price would Stopdecay have to charge to sell the same number of units
as it did before the Decayfighter price cut? Assume that Decayfighter holds the
price of its toothbrush constant at $30.
c. What is Stopdecay’s average monthly total revenue from the sale of electric toothbrushes before and after the price change determined in part (b)?
d. Is the result in part (c) necessarily desirable? What other factors would have to be
taken into consideration?
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PART II

16.

17.

18.

19.

20.

21.

Demand and Forecasting

The subway fare in your town just increased from 50 cents to $1.00 per ride. As a result,
the transit authority notes a decline in ridership of 30 percent.
a. Compute the price elasticity of demand for subway rides.
b. If the transit authority reduces the fare back to 50 cents, what impact would you
expect on the ridership? Why?
A study of the long-term income elasticity of demand for housing by renters is in the
range of 0.8 to 1.0, whereas the income elasticity for owner-occupants is between
0.7 and 1.15.
a. If income levels are expected to increase at a compound annual rate of 4 percent per
year for the next five years, forecast the impact of this increase in income levels on
the quantity of housing demanded in the two markets (rental and owner-occupants)
in five years (assume that the price of housing does not change over this period).
b. What would be the impact of price increases during this period on the levels of
demand forecasted in part (a)?
The Olde Yogurt Factory reduced the price of its popular Mmmm Sundae from $2.25
to $1.75. As a result, the firm’s daily sales of these sundaes have increased from 1,500
per day to 1,800 per day. Compute the arc price elasticity of demand over this price and
consumption quantity range.
Over the past six months Heads-Up Hair Care, Inc., has normally had sales of 500 bottles of A-6 Hair Conditioner per week. On the weeks when Heads-Up ran sales on its
B-8 Hair Conditioner, cutting the price of B-8 from $10 to $8, sales of A-6 declined to
300 bottles.
a. What is the arc cross elasticity of demand between A-6 and B-8?
b. If the price of B-8 were increased to $12, what effect would you expect this to have
on the quantity demanded of A-6?
c. What does the evidence indicate about the relationship between B-8 and A-6?
The price elasticity of demand for personal computers is estimated to be 2.2. If the
price of personal computers declines by 20 percent, what will be the expected percentage increase in the quantity of computers sold?
The demand function for school lunches in Pittsburgh has been estimated to be
Q  16,415.21  131.372P

22.

where Q  lunches served and P  price in cents.
a. Compute the point elasticity of demand for school lunches at a price of
(i) $1.00 per lunch
(ii) 80 cents per lunch
b. What is the arc price elasticity of demand between prices of 80 cents and $1.00?
The Potomac Range Corporation manufactures a line of microwave ovens costing $500
each. Its sales have averaged about 6,000 units per month during the past year. In
August, Potomac’s closest competitor, Spring City Stove Works, cut its price for a
closely competitive model from $600 to $450. Potomac noticed that its sales volume
declined to 4,500 units per month after Spring City announced its price cut.
a. What is the arc cross price elasticity of demand between Potomac’s oven and the
competitive Spring City model?
b. Would you say that these two firms are close competitors? What other factors
could have influenced the observed relationship?
c. If Potomac knows that the arc price elasticity of demand for its ovens is 3.0, what
price would Potomac have to charge to sell the same number of units it did before
the Spring City price cut?
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Demand Analysis

POLO GOLF SHIRT PRICING
Complete the following demand and total revenue spreadsheet for daily sales of a
golf shirt in each of Ralph Lauren’s discount stores. What price maximizes sales
revenue? What price maximizes operating profit? Why? Who would pursue the first
objective? How could Ralph Lauren’s managers provide an incentive for profitmaximizing behavior?
Quantity Sold

Uniform Price

Total Revenue

Marginal Revenue

Variable Cost

0
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18

$50.00
$48.00
$46.00
$45.00
$44.00
$42.00
$40.00
$38.31
$36.50
$34.50
__________
__________
__________
__________
__________
__________
__________
__________
__________

$0
$48
$92
$135
$176
$210
$240
$268
$292
$311
__________
__________
__________
__________
__________
__________
__________
__________
__________

$0
$48
$44
$43
$41
$34
$30
$28
$24
$19
$16
$13
$10
$7
$4
$0
($1)
($4)
($7)

$28
$28
$28
$28
$28
$28
$28
$28
$28
$28
$28
$28
$28
$28
$28
$28
$28
$28
$28

