CHAPTER 3

Practical use of supply and demand generally requires quantifying effects. If a hurricane wipes out a gasoline
refinery, by how much will the price rise, and for how long will it stay high? When the price of energy efficient light
bulbs falls, how long does it take to replace 50% of our incandescent stock of bulbs? This chapter introduces the
basic tools of quantification, the elasticities of demand and supply. Economists use elasticity, the percentage

change in one variable for a small percentage change in another, in many different settings.

1. ELASTICITY

LEARNING OBJECTIVES

1. What is the best way of measuring the responsiveness of demand?
2. What is the best way of measuring the responsiveness of supply?

Let x(p) represent the quantity purchased when the price is p, so that the function x represents demand.

How responsive is demand to price changes? One might be tempted to use the derivative, x , to meas-
ure the responsiveness of demand, since it measures how much the quantity demanded changes in re-
sponse to a small change in price. However, this measure has two problems. First, it is sensitive to a
change in units. If I measure the quantity of candy in kilograms rather than in pounds, the derivative of
demand for candy with respect to price changes even if the demand itself is unchanged. Second, if I
change price units, converting from one currency to another, again the derivative of demand will
change. So the derivative is unsatisfactory as a measure of responsiveness because it depends on units
of measure. A common way of establishing a unit-free measure is to use percentages, and that suggests
considering the responsiveness of demand to a small percentage change in price in percentage terms.
This is the notion of elasticity of demand.!!! The elasticity of demand is the percentage decrease in
quantity that results from a small percentage increase in price. Formally, the elasticity of demand,
which is generally denoted with the Greek letter epsilon, ¢, (chosen to mnemonically to indicate elasti-
city) is
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The minus sign is included in the expression to make the elasticity a positive number, since demand is
decreasing. First, let’s verify that the elasticity is, in fact, unit free. A change in the measurement of x
doesn’t affect elasticity because the proportionality factor appears in both the numerator and denomin-
ator. Similarly, a change in the measure of price so that p is replaced by r = ap, does not change the
elasticity, since as demonstrated below,
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the measure of elasticity is independent of a, and therefore not affected by the change in units.

How does a consumer’s expenditure, also known as (individual) total revenue, react to a change in
price? The consumer buys x(p) at a price of p, and thus total expenditure or or total revenue is TR =
px(p). Thus

=x(p)(1 —¢).
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%PX(p) = x(p) + px (p) = x(p)

Elasticity

The percentage change in
one variable for a small
percentage change in
another.

elasticity of demand

The percentage change in
one variable for a small
percentage change in
another.

Total expenditure

Price times the quantity
purchased.
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Inelastic Demand
When the elasticity of
demand is less than one.
Elastic Demand

When the elasticity of
demand is less than one.
Unitary elasticity

When elasticity is equal to
one.
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Therefore,
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TABLE 1.1 Various Demand Elasticities
Salt 0.1 | Movies 09
Matches 0.1 | Shellfish, consumed at home 0.9
Toothpicks 0.1 |Tires, short-run 0.9
Airline travel, short-run 0.1 |Oysters, consumed at home 1.1

Residential natural gas, short-run | 0.1 | Private education 1.1

Gasoline, short-run 0.2 |Housing, owner occupied, long-run | 1.2
Automobiles, long-run 0.2 |[Tires, long-run 12
Coffee 0.25 | Radio and television receivers 12
Legal services, short-run 04 | Automobiles, short-run 1.2-15
Tobacco products, short-run 0.45 | Restaurant meals 23
Residential natural gas, long-run | 0.5 | Airline travel, long-run 24
Fish (cod) consumed athome | 0.5 |Fresh green peas 2.8
Physician services 0.6 |Foreign travel, long-run 4.0
Taxi, short-run 0.6 |Chevrolet automobiles 4.0
Gasoline, long-run 0.7 |Fresh tomatoes 4.6

In other words, the percentage change of total revenue resulting from a one-percent change in price is
one minus the elasticity of demand. Thus, a one-percent increase in price will increase total revenue
when the elasticity of demand is less than one, which is defined as an inelastic demand. A price in-
crease will decrease total revenue when the elasticity of demand is greater than one, which is defined as
an elastic demand. The case of elasticity equal to one is called unitary elasticity, and total revenue is
unchanged by a small price change. Moreover, that percentage increase in price will increase revenue
by approximately 1 — € percent. Because it is often possible to estimate the elasticity of demand, the for-
mulae can be readily used in practice.
Table 1.1 provides estimates on demand elasticities for a variety of products.

When demand is linear, x(p) = a — bp, the elasticity of demand has the form

b,
e = a—_% = #
FIGURE 1.1 Elasticities for Linear b~P
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This case is illustrated in Figure 1.1.
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If demand takes the form x(p) = ap—e, then demand has constant elasticity, and the elasticity is I .
equal to ¢. In other words, the elasticity remains at the same level while the underlying variables (such o y
as price and quantity) change. Condition in which the
.. . . . . . elasticity remains at the same
The elasticity of supply is analogous to the elasticity of demand in that it is a unit-free measure level while the underlying

of the responsiveness of supply to a price change, and is defined as the percentage increase in quantity variables change.
supplied resulting from a small percentage increase in price. Formally, if s(p) gives the quantity sup-

plied for each price p, the elasticity of supply, denoted by # (the Greek letter “eta,” chosen because epsi-
lon was already taken) is

Elasticity of supply

The percentage increase in
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Again, similar to demand, if supply takes the form s(p) = apn, then supply has constant elasticity, and
the elasticity is equal to #. A special case of this form is linear supply, which occurs when the elasticity
equals one.

KEY TAKEAWAYS

The elasticity of demand is the percentage decrease in quantity that results from a small percentage
increase in price, which is generally denoted with the Greek letter epsilon, €.

The percentage change of total revenue resulting from a one-percent change in price is one minus the
elasticity of demand.

An elasticity of demand that is less than one is defined as an inelastic demand. In this case, increasing price
increases total revenue.

A price increase will decrease total revenue when the elasticity of demand is greater than one, which is
defined as an elastic demand.

The case of elasticity equal to one is called unitary elasticity, and total revenue is unchanged by a small
price change.

If demand takes the form x(p) = ap—¢, then demand has constant elasticity, and the elasticity is equal to €.

The elasticity of supply is defined as the percentage increase in quantity supplied resulting from a small
percentage increase in price.

If supply takes the form s(p) = apn, then supply has constant elasticity, and the elasticity is equal to .



