CHAPTER

Elasticity and Its Application

magine that some event drives up the price of gasoline in the United States.

It could be a war in the Middle East that disrupts the world supply of oil, a

booming Chinese economy that boosts the world demand for oil, or a new
a tax on gasoline passed by Congress. How would U.S. consumers respond to the
) higher price?

: IEis easy to answer this question in broad fashion: Consumers would buy less.
dhat is simply the law of demand we learned in the previous chapter. But you
might want a precise answer. By how much would consumption of gasoline fall?
Ihis question can be answered using a concept called elasticity, which we develop
in this chapter.

Elasticity is a measure of how much buyers and sellers respond to changes in
market conditions. When studying how some event or policy affects a market,
We can discuss not only the direction of the effects but their magnitude as well.
Elasticity is useful in many applications, as we will see toward the end of this
chapter.

Before proceeding, however, you might be curious about the answer to the
ga§oﬁne question. Many studies have examined consumers’ response to gasoline
PHCES, and they typically find that the quantity demanded responds more in the
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long run than it does in the short run. A 10 percent increase in gasoline prices
reduces gasoline consumption by about 2.5 percent after a year and about 6 percent
after five years. About half of the long-run reduction in quantity demanded arises
because people drive less and half because they switch to more fuel-efficient cars,
Both responses are reflected in the demand curve and its elasticity.

THE ELASTICITY OF DEMAND

elasticity

a measure of the respon-
siveness of quantity
demanded or quantity
supplied to one of its
determinants

price elasticity of
demand

a measure of how much
the quantity demanded
of a good responds to
a change in the price of
that good, computed as
the percentage change
in quantity demanded
divided by the percent-
age change in price

When we introduced demand in Chapter 4, we noted that consumers usually buy
more of a good when its price is lower, when their incomes are higher, when the
prices of substitutes for the good are higher, or when the prices of complements of
the good are lower. Our discussion of demand was qualitative, not quantitative.
That is, we discussed the direction in which quantity demanded moves but not
the size of the change. To measure how much consumers respond to changes in
these variables, economists use the concept of elasticity.

Tuae Price ELAsTiCITY OF DEMAND
AND ITsS DETERMINANTS

The law of demand states that a fall in the price of a good raises the quantity
demanded. The price elasticity of demand measures how much the quantity
demanded responds to a change in price. Demand for a good is said to be elastic
if the quantity demanded responds substantially to changes in the price. Demand
is said to be inelastic if the quantity demanded responds only slightly to changes
in the price.

The price elasticity of demand for any good measures how willing consumers
are to buy less of the good as its price rises. Thus, the elasticity reflects the many
economic, social, and psychological forces that shape consumer preferences. Based
on experience, however, we can state some general rules about what determines
the price elasticity of demand.

Availability of Close Substitutes Goods with close substitutes tend to have
more elastic demand because it is easier for consumers to switch from that good
to others. For example, butter and margarine are easily substitutable. A small
increase in the price of butter, assuming the price of margarine is held fixed,
causes the quantity of butter sold to fall by a large amount. By contrast, because
eggs are a food without a close substitute, the demand for eggs is less elastic than
the demand for butter.

Necessities versus Luxuries Necessities tend tohaveinelastic demands, whereas
luxuries have elastic demands. When the price of a doctor’s visit rises, people will
not dramatically reduce the number of times they go to the doctor, although they
might go somewhat less often. By contrast, when the price of sailboats rises, the
quantity of sailboats demanded falls substantially. The reason is that most people
view doctor visits as a necessity and sailboats as a luxury. Of course, whether a
good is a necessity or a luxury depends not on the intrinsic properties of the good
but on the preferences of the buyer. For avid sailors with little concern over theit
health, sailboats might be a necessity with inelastic demand and doctor visits @
luxury with elastic demand.
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ces finition of the Market The elasticity of demand in any market depends on

ent i o draw the boundaries of the market. Narrowly defined markets tend to

ses " e}re elastic demand than broadly defined markets because it is easier to

s, r!ave lmte cubstitutes for narrowly defined goods. For example, food, a broad cate-
fmd.cl—?:S a fairly inelastic demand because there are no good substitutes for food.
gory: sam, a narrower category, has a more elastic demand because it is easy to
Icebftfitmte’ other desserts for ice cream. Vanilla ice cream, a very narrow category,
;‘;Sba very elastic demand because other flavors of ice cream are almost perfect
gubstitutés for vanilla.

uy Time Horizon Goods tend to have more elastic demand over longer time hori-

the zons. When the price of gasoline rises, the quantity of gasoline demanded falls

s of only slightly in the first few months. Over time, however, people buy more fuel-
ive, efﬁfcient'C'd rs, switch to public transportathn, and move closer to where they work.
nes Within several years, the quantity of gasoline demanded falls more substantially.
51n

COMPUTING THE PRICE EvLAsTICITY OF DEMAND

Now that we have discussed the price elasticity of demand in general terms, let’s

be more precise about how it is measured. Economists compute the price elastic-

ity of demand as the percentage change in the quantity demanded divided by the
itity percentage change in the price. That is,
ity g ;
15tic Price clasticity of demand = Percentage change in quan.hty c.lemandedl
and Percentage change in price
1ges .

For example, suppose that a 10 percent increase in the price of an ice-cream cone
ners causes the amount of ice cream you buy to fall by 20 percent. We calculate your
any elasticity of demand as
1sed
e Price elasticity of demand = 2 priceng 2

10 percent
1ave In this example, the elasticity is 2, reflecting that the change in the quantity
-ood demanded is proportionately twice as large as the change in the price.
mall Because the quantity demanded of a good is negatively related to its price, the
xed, percentage change in quantity will always have the opposite sign as the percent-
ause age change in price. In this example, the percentage change in price is a positive 10
than percent (reflecting an increase), and the percentage change in quantity demanded

I8 a negative 20 percent (reflecting a decrease). For this reason, price elasticities of

demand are sometimes reported as negative numbers. In this book, we follow the
o gommon practice of dropping the minus sign and reporting all price elasticities of
will de'mand as positive numbers. (Mathematicians call this the absolute value.) With
they t!'us convention, a larger price elasticity implies a greater responsiveness of quan-
,, the ity demanded to price.

:ople

1er3 LHE MiproINT METHOD: A BETTER WAY TO CALCULATE
00 A , }

%heir PERCEN'l AGE CHANGES AND ELASTICITIES

sits @ If you try calculating the price elasticity of demand between two points on a

demand curve, you will quickly notice an annoying problem: The elasticity from
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1} point A to point B seems different from the elasticity from point B to point A. For
example, consider these numbers:

Point A: Price = $4 Quantity = 120
Point B: Price = $6 Quantity = 80

I { Going from point A to point B, the price rises by 50 percent, and the quantity falls

‘ by 33 percent, indicating that the price elasticity of demand is 33 /50, or 0.66. By
contrast, going from point B to point A, the price falls by 33 percent, and the quan-
1 tity rises by 50 percent, indicating that the price elasticity of demand is 50/33, or
15. This difference arises because the percentage changes are calculated from a
| different base.

One way to avoid this problem is to use the midpoint method for calculating elas-
ticities. The standard procedure for computing a percentage change is to divide
the change by the initial level. By contrast, the midpoint method computes a per-
centage change by dividing the change by the midpoint (or average) of the initial
1 | and final levels. For instance, $5 is the midpoint between $4 and $6. Therefore,
| according to the midpoint method, a change from $4 to $6 is considered a 40 per-
cent rise because (6 —4) / 5 % 100 = 40. Similarly, a change from $6 to %4 is con-
1 sidered a 40 percent fall.

[ Because the midpoint method gives the same answer regardless of the direction
! ll : of change, it is often used when calculating the price elasticity of demand between

i

|

two points. In our example, the midpoint between point A and point B is:
|
N Midpoint: ~ Price=$5  Quantity = 100

‘ . According to the midpoint method, when going from point A to point B, the price
; rises by 40 percent, and the quantity falls by 40 percent. Similarly, when going
1 from point B to point A, the price falls by 40 percent, and the quantity rises by
40 percent. In both directions, the price elasticity of demand equals 1.

L The following formula expresses the midpoint method for calculating the price
elasticity of demand between two points, denoted (Q,, P)) and (Q,, P,):

== {Qz_ Q‘l) / [(Qz + Q}) /2]
(P,—P) /(P + P)) /2]

Price elasticity of demand

|
!
1' The numerator is the percentage change in quantity computed using the midpoint
I method, and the denominator is the percentage change in price computed using
I the midpoint method. If you ever need to calculate elasticities, you should use this
1 formula.

E In this book, however, we rarely perform such calculations. For most of our

‘ purposes, what elasticity represents—the responsiveness of quantity demanded

| to a change in price—is more important than how it is calculated.

g Tue VARIETY OF DEMAND CURVES

Economists classify demand curves according to their elasticity. Demand is con-
sidered elastic when the elasticity is greater than 1, which means the quantity
moves proportionately more than the price. Demand is considered inelastic when
the elasticity is less than 1, which means the quantity moves proportionately less
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sticity of demand determines whether the demand curve is steep or flat. El GIUR E 1

ice ela
pue prc hanges are calculated using the midpoint method.

Note that all percentage ¢

The Price Elasticity

of Demand
(a) Perfectly Inelastic Demand: Elasticity Equals 0 (b) Inelastic Demand: Elasticity Is Less Than 1
Price Price
Demand
} )
4 4 o
1. An 1.A22% Demand
increase increase
in price . . - in price . . .
0 100 Quantity 0 90/—;—100 Quantity
2. ... leaves the quantity demanded unchanged. 2. ... leads to an 11% decrease in quantity demanded.
{c) Unit Elastic Demand: Elasticity Equals 1
Price
4
4 T PP TTPYPIT PR PR FTRE- TR L,
1. A22% Demand
increase
in price . . .
0 80100 Quantity
2. ... leads to a 22% decrease in quantity demanded.
(d) Elastic Demand: Elasticity Is Greater Than 1 (e) Perfectly Elastic Demand: Elasticity Equals Infinity
Price Price
1. At any price
above $4, quantity
$? demanded is zero.
S8 Dermand $4 Demand
1.A22% \
increase 2. At exactly $4,
in price . . . consumers will
buy any quantity.
0 Fe e == l(5]a) Quantity 0 Quantity
5 I = \ : - 3. At a price below $4,
.. .. leads to a 67% decrease in quantity demanded. quantity demanded is infinite.
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total revenue

the amount paid by buy-
ers and received by sell-
ers of a good, computed
as the price of the good
times the quantity sold

than the price. If the elasticity is exactly 1, the quantity moves the same amount
proportionately as the price, and demand is said to have unit elasticity.

Because the price elasticity of demand measures how much quantity demanded
responds to changes in the price, it is closely related to the slope of the demand
curve. The following rule of thumb is a useful guide: The flatter the demand curve
that passes through a given point, the greater the price elasticity of demand. The
steeper the demand curve that passes through a given point, the smaller the price
elasticity of demand.

Figure 1 on the previous page shows five cases. In the extreme case of a zerg
elasticity, shown in panel (a), demand is perfectly inelastic, and the demand curve
is vertical. In this case, regardless of the price, the quantity demanded stays the
same. As the elasticity rises, the demand curve gets flatter and flatter, as shown in
panels (b), (c), and (d). At the opposite extreme, shown in panel (e), demand is per-
fectly elastic. This occurs as the price elasticity of demand approaches infinity and
the demand curve becomes horizontal, reflecting the fact that very small changes
in the price lead to huge changes in the quantity demanded.

Finally, if you have trouble keeping straight the terms elastic and inelastic, here's
a memory trick for you: Inelastic curves, such as in panel (a) of Figure 1, look like
the letter 1. This is not a deep insight, but it might help on your next exam.

ToraL REVENUE AND THE PRICE
ELasTICITY OF DEMAND

When studying changes in supply or demand in a market, one variable we often
want to study is total revenue, the amount paid by buyers and received by sellers
of the good. In any market, total revenue is P X Q, the price of the good times the
quantity of the good sold. We can show total revenue graphically, as in Figure 2.
The height of the box under the demand curve is P, and the width is Q. The area
of this box, P X Q, equals the total revenue in this market. In Figure 2, where P =
$4 and Q = 100, total revenue is $4 X 100, or $400.

How does total revenue change as one moves along the demand curve? The
answer depends on the price elasticity of demand. If demand is inelastic, as in
panel (a) of Figure 3, then an increase in the price causes an increase in total rev-
enue. Here an increase in price from $1 to $3 causes the quantity demanded to fall
from 100 to 80, so total revenue rises from $100 to $240. An increase in price raises
P x Q because the fall in Q is proportionately smaller than the rise in P.

We obtain the opposite result if demand is elastic: An increase in the price
causes a decrease in total revenue. In panel (b) of Figure 3, for instance, when
the price rises from $4 to $5, the quantity demanded falls from 50 to 20, so total
revenue falls from $200 to $100. Because demand is elastic, the reduction in the
quantity demanded is so great that it more than offsets the increase in the price.
That is, an increase in price reduces P X Q because the fall in Q is proportionately
greater than the rise in P.

Although the examples in this figure are extreme, they illustrate some general
rules:

¢ When demand is inelastic (a price elasticity less than 1), price and total
revenue move in the same direction.

» When demand is elastic (a price elasticity greater than 1), price and total
revenue move in opposite directions.




Price
P x Q= $400
P4 (revenue) Demand
. 3
0 100 Quantity
|- R — —— A
Q

s If demand is unit elastic (a price elasticity exactly equal to 1), total revenue
remains constant when the price changes.

Brasticity AND ToTrAL REVENUE ALONG
A LINEAR DEMAND CURVE

L et's examine how elasticity varies along a linear demand curve, as shown in Fig-
ure 4. We know that a straight line has a constant slope. Slope is defined as “rise
over run,” which here is the ratio of the change in price (“rise”) to the change in
guantity (“run”). This particular demand curve’s slope is constant because each $1
increase in price causes the same two-unit decrease in the quantity demanded.

Even though the slope of a linear demand curve is constant, the elasticity is not.
This is true because the slope is the ratio of changes in the two variables, whereas
the elasticity is the ratio of percentage changes in the two variables. You can see
this by looking at the table in Figure 4, which shows the demand schedule for the
linear demand curve in the graph. The table uses the midpoint method to calcu-
late the price elasticity of demand. At points with a low price and high quantity,
the demand curve is inelastic. At points with a high price and low quantity, the
deémand curve is elastic.

The table also presents total revenue at each point on the demand curve. These
numbers illustrate the relationship between total revenue and elasticity. When the
price is 51, for instance, demand is inelastic, and a price increase to $2 raises total
fevenue. When the price is $5, demand is elastic, and a price increase to $6 reduces
Fotal revenue. Between $3 and $4, demand is exactly unit elastic, and total revenue
I8 the same at these two prices.

The linear demand curve illustrates that the price elasticity of demand need not
Pe_ the same at all points on a demand curve. A constant elasticity is possible, but
it is not always the case.

CHAPTER 5 ELASTICITY AND ITS APPLICATION

FIGURE 2

Total Revenue

The total amount paid by buy-
ers, and received as revenue by
sellers, equals the area of the box
under the demand curve, P X Q.
Here, at a price of $4, the quan-
tity demanded is 100, and total
revenue is $400.
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0

L 3 F | GLUSREE The impact of a price change on total revenue (the product of price and quantity)

I depends on the elasticity of demand. In panel (a), the demand curve is inelastic. In
this case, an increase in the price leads to a decrease in quantity demanded that is

[ How Total Revenue proportionately smaller, so total revenue increases. Here an increase in the price from
| i Changes When Price $1 to $3 causes the quantity demanded to fall from 100 to 80. Total revenue rises
i Changes from $100 to $240. In panel (b), the demand curve is elastic. In this case, an increase

so total revenue decreases. Here an increase in the price from $4 to $5 causes the

1\ in the price leads to a decrease in quantity demanded that is proportionately larger,
i quantity demanded to fall from 50 to 20. Total revenue falls from $200 to $100.

(a) The Case of Inelastic Demand

Price Price

o

‘ ; Revenue = $240

| ; Revenue = $100 Demand Demand

| [ > 3

[ 0 100 Quantity 0 80 Quantity
|

(b) The Case of Elastic Demand

I | Price Price

Demand

Demand

|| Revenue = $200§ i Revenue = $100

0 50 Quantity 0 20 Quantity




Elasticity is
larger
than 1.

Elasticity is
smaller
than 1.
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FIGURE 4

Elasticity of a Linear Demand Curve

The slope of a linear demand curve is constant, but its elastic-
ity is not. The demand schedule in the table was used to cal-
culate the price elasticity of demand by the midpoint method.
At points with a low price and high quantity, the demand curve
is inelastic. At points with a high price and low quantity, the

demand curve is elastic.

BEET 5 & 10 12 14
Quantity
Percentage Percentage
Total Revenue Change Change
Price Quantity (Price X Quantity) in Price in Quantity Elasticity Description
$7 ¢ U e 15 200 13.0 Elastic
6 : i 18 67 37 Elastic
> 3 e 22 40 1.8 Elastic
4 ¢ 24 29 29 10 Unit elastic
3 ¢ i 40 22 0.6 Inelastic
2 10 A 67 18 0.3 Inelastic
! i 12 200 15 0.1 Inelastic
0 14 0
OTHER DEMAND ELASTICITIES

In addition to the price elasticity of demand, economists use other elasticities to
describe the behavior of buyers in a market.

The Income Elasticity of Demand The income elasticity of demand measures
how the quantity demanded changes as consumer income changes. It is calculated
as the percentage change in quantity demanded divided by the percentage change
in income. That is,

Percentage change in quantity demanded
Percentage change in income '

Income elasticity of demand =

As we discussed in Chapter 4, most goods are normal goods: Higher income raises
the quantity demanded. Because quantity demanded and income move in the
same direction, normal goods have positive income elasticities. A few goods, such
as bus rides, are inferior goods: Higher income lowers the quantity demanded.
Because quantity demanded and income move in opposite directions, inferior
goods have negative income elasticities.

income elasticity

of demand

a measure of how much
the quantity demanded
of a good responds to
a change in consumers'
income, computed as
the percentage change
in quantity demanded
divided by the percent-
age change in income
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Real Energy Savers
Don’t Wear Cardigans.

Or Do They?
By Anna Bernasek

When oil and gas prices surged after Hur-
ricanes Katrina and Rita, President Bush
appealed to Americans to conserve energy.
He asked people to cut back on nonessential
travel, for example, and to carpool to work.
Then, in October, the White House started a
campaign for energy conservation in Ameri-
can homes, dusting off some old ideas like
switching to fluorescent light bulbs and
installing better insulation in attics.

Some critics derided the program as a
bizarre flashback from the 1970's—a collec-
tion of worn-out ideas that evoked feelings
of deprivation and gloom. It will be a pity,
though, if an effective energy policy never
gets off the ground. Much has been learmed
since the 70's about what works and what
doesn't... ..

There are reasons for optimism. One is
that market forces can help provide solu-
tions: higher prices, on their own, can make
people cut back. Just how responsive con-
sumers are to price changes—what econo-
mists call the elasticity of demand—has
been the focus of much research. Today,
economists believe that they have devel-
oped a pretty good rule of thumb for energy
use. In the case of electricity, which is rela-
tively easy to measure, they have found that

Source: New York Times, November 13, 2005

Energy Demand

What would induce consumers to use less gasoline and electricity?

when the price rises 10 percent, electric-
ity use falls roughly 3 percent. At the gas
pump, a 10 percent increase in price leads
to a decline of around 2 percent in demand.
[Author’s nate: It would be more precise to
say that the price increase leads to a 2 per-
cent decline in quantity demanded, because
the change represents a movement along
the demand curvel]

Censumer behavior can change quickly
in a crisis. A study by Peter C. Reiss, a pro-
fessor of economics at Stanford, and Mat-
thew W. White, a professor of business and
public policy at the Wharton School of the
University of Pennsylvania, provides some
recent evidence. In examining San Diego
households during the California electric-
ity crisis of 2000 and 2001, they found that
use of electricity dropped surprisingly fast
In the summer of 2000, within 60 days of
seeing monthly electric bills rise by about
$60—an increase of 130 percent—the
average household cut its use of electricity
by 12 percent.

That kind of drop requires a big change in
behavior. The authors found that households
had turned off air-conditioners in the middle
of summer and had invested in new energy-
efficient appliances, among other things.

High costs aren't the only force that will
influence consumers to cut back. Although
public appeals to save energy may be
ridiculed by comedians on late-night
television—recall President Jimmy Carter's
cardigan sweater—the efforts can have a
substantial impact.

Professors Reiss and White found that to
be true in San Diego. In February 2001, with
electricity prices capped, the state of Califor-
nia began a campaign to have households
conserve electricity. It worked. "It was clear
by about six months into 2007 that public
appeals were having a big impact,” Profes-
sor White said. Such campaigns can have
significant effects on consumer behavior,
he said, if they offer a clear explanation of
what people can do and how it will make
a difference

Perhaps the most important reason for
optimism is technology’s role in prometing
energy savings. From 1979 to 1985, in the
aftermath of energy shortages, Americans
reduced their oil consumption by 15 per-
cent. The single biggest factor was a shift
in car-buying habits. Americans found that
driving fuel-efficient cars, instead of gas guz-
zlers, didn't stop them from going where
they wanted to go.




namong normal goods, income elasticities vary substantially in size. Neces-

.Eve h as food and clothing, tend to have small income elasticities because
sities, su‘; . choose to buy some of these goods even when their incomes are low.
gonsurne t;—,uch as caviar and diamonds, tend to have large income elasticities
L’:;f;gsu’:onsumers feel that they can do without these goods altogether if their

incomes are too low.

Price Elasticity of Demand The cross-price elasticity of demand
measures how the quantity demanded of one good responds to a change in
the price of another good. It is calculated as the percentage change in quantity
demanded of good 1 divided by the percentage change in the price of good 2.

That is,

The Cross-

Percentage change in quantity demanded of good 1
Percentage change in the price of good 2

Cross-price elasticity of demand =

Whether the cross-price elasticity is a positive or negative number depends on
whether the two goods are substitutes or complements. As we discussed in Chap-
ter 4, substitutes are goods that are typically used in place of one another, such
2 hamburgers and hot dogs. An increase in hot dog prices induces people to
grill hamburgers instead. Because the price of hot dogs and the quantity of ham-
burgers demanded move in the same direction, the cross-price elasticity is posi-
tive. Conversely, complements are goods that are typically used together, such as
computers and software. In this case, the cross-price elasticity is negative, indicat-
ing that an increase in the price of computers reduces the quantity of software

demanded.

Quick QUIZ pefine the price elasticity of demand. ® Explain the relationship between
total revenue and the price elasticity of demand.

THE ELASTICITY OF SUPPLY

When we introduced supply in Chapter 4, we noted that producers of a good
offer to sell more of it when the price of the good rises. To turn from qualitative
10 quantitative statements about quantity supplied, we once again use the concept
of elasticity.

THE Price ELASTICITY OF SUPPLY AND
TS DETERMINANTS

Ihe law of supply states that higher prices raise the quantity supplied. The price
elasticity of supply measures how much the quantity supplied responds to
ehanges in the price. Supply of a good is said to be elastic if the quantity supplied
FeSponds substantially to changes in the price. Supply is said to be inelastic if the
Quantity supplied responds only slightly to changes in the price.

The price elasticity of supply depends on the flexibility of sellers to change the
amount of the good they produce. For example, beachfront land has an inelastic
SUpply because it is almost impossible to produce more of it. By contrast, manu-
factured goods, such as books, cars, and televisions, have elastic supplies because

CHAPTER 5 ELASTICITY AND ITS APPLICATION

cross-price elasticity
of demand

a measure of how much
the quantity demanded
of one good responds
to a change in the price
of another good, com-
puted as the percent-
age change in quantity
demanded of the first
good divided by the
percentage change in
the price of the second
good

price elasticity

of supply

a measure of how much
the quantity supplied
of a good responds to
a change in the price of
that good, computed as
the percentage change
in quantity supplied
divided by the percent-
age change in price
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