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ABSTRACT

An estimate of a product’s price elasticity can be used to calculate whether a price change will
increase or decrease sales revenue. However, the price elasticity of demand does not indicate if a
price change will increase or decrease gross profit because the marginal cost per unit confounds
the calculation. However, an estimate of the price elasticity can be combined with the product’s
markup to calculate if a change in the selling price will increase or decrease the profit. The
purpose of this paper is to demonstrate how estimates of the price elasticity and the markup can
be combined to help managers decide if greater profits can be realized with a price decrease or a
price increase.
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INTRODUCTION

CL few minutes searching on the Internet will demonstrate that the concept of price elasticity is very
Jmuch alive and kicking. There are hundreds of sites that offer definitions of and provide explanations

about the price elasticity of demand. The vast majority of sites indicate that elasticity is a useful
metric for people who manage everything from the individual business firm to the entire economy. Some of the
information is accurate and some is inaccurate. For example, one site proclaimed, “Once you figure out what the
price elasticity is for your product, you can figure out how to maximize your profits by either raising prices if the
price is inelastic, or CUTTING prices to increase sales if the price is very elastic (wliki.answers.com).”

As a classroom exercise | took the above pronouncement as a lead-in to a lecture on the uses of price
elasticity. I asked my students to solve the following questions:

I am a marketing manager selling a well-differentiated product. | have a selling price of $8 per unit and my
variable cost of manufacturing the product is $2 per unit. The estimate of my current price elasticity at the current
price is Eqp = -4.0.

1. Would a one dollar increase in the selling price have the effect of increasing or decreasing the total quantity
of products being sold?

2. Would a one dollar increase in the selling price have the effect of increasing or decreasing the sales
revenue?

3. Would a one dollar increase in the selling price have the effect of increasing or decreasing the gross
profits?

My students rapidly discovered that it is very easy to find definitions of elasticity. However, they also
learned that the examples of managers using price elasticity to set prices or adjust prices are very hard to find.

The students learned that there is an important difference between revenue and profit and that the price that
maximizes revenue is seldom the price that maximizes profit. They reviewed many of the classical attributes
associated with the price elasticity of demand. For example they learned the following:
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1. Price elasticity of demand is a value free index that allows us to compare the price sensitivity of different
products across different markets.
2. Price elasticity of demand is interpreted as the percentage change in the total quantity, %AQ, that will be

sold for a one percentage change in the selling price, %AP, (i.e., Eqp = %AQ/%AP).

3. When the price elasticity is negative, then an increase in price will decrease the quantity sold.

4. When the demand is price inelastic (i.e., 0 > Eqp > -1.0), then a small price increase will increase the total
revenue.

5. When the demand is price elastic (i.e., Eqp < -1.0), then a small price increase will decrease the revenue.

6. When the price elasticity of demand is equal to -1.0, then the current price will maximize total revenue.

The students learned that with information that the current elasticity was Eqp = -4.0 they could answer
some of the homework questions. For example:

1. A negative elasticity implies that an increase in the selling price will decrease the quantity sold.
2. A price elasticity of -4.0 implies that the price is on the elastic portion of the demand curve and an increase
in the selling price will decrease the sales revenue.

However, the students could not establish the consequences of a price increase on profits. The Internet
claim that with knowledge of the price elasticity “you can figure out how to maximize your profits” is very
misleading. You can predict the consequences of small price changes on revenues and quantities sold but it is
necessary to know more about the nature of the demand curve to establish the price that maximizes revenue, Pr*, or
the price that maximizes profit, Pz*.

Price elasticity is presented in virtually every introductory textbook on marketing. The classic virtue of
price elasticity to the marketing manager is that the magnitude of the elasticity provides a guide to making price
adjustments that can increase revenue. However, the normal goal for marketing managers is to maximize profits, not
revenues, and a move towards higher revenues does not necessarily lead to higher profits. When the price is on an
inelastic portion of the demand, then elasticity correctly guides the manager to choose higher prices which result in
higher revenues and higher profits. Unfortunately, elasticity is not a reliable guide to increased profits. For example
when demand is elastic, there is a range of prices in which a price change that increases revenues results in lower
profits!

When the demand is elastic a price increase will always decrease the quantity sold and decrease the total
revenue. However, there is nothing about the size or direction of the elasticity that indicates when the profits will be
increasing or decreasing.

In practice, price elasticity proves to be a very inadequate guide to greater profits. Marketing managers
seeking maximum profits from selling a well-differentiated product on a downward sloping curve would find it
unusual to have their current price on the inelastic portion of the demand curve. The price for achieving maximum
profits is always greater than or equal to the price that maximizes revenues. It is far more common to find prices on
the elastic portion of the demand curve and it is when demand is elastic that inconsistencies between increasing
revenues and profits are found. The inconsistency of price elasticity for predicting the profitability of a price change
leaves elasticity with some academic value and little practical application. There would be a much greater use for
estimates of the current price elasticity if the price elasticity could consistently guide price changes towards larger
profits.

Modern marketing managers need improved metrics for pricing products and optimizing their marketing
mixes (Farris et.al., 2007; Davis, 2007). There is a need for a metric to guide managers in making price adjustments
that move towards increased profits. The purpose of this paper is to present a metric that helps managers use the
current estimates of the price elasticity and the markup to make profitable price adjustments.

CLASSIC RELATIONSHIPS BETWEEN PRICE, ELASTICITY, REVENUE AND PROFIT

The student explorations of price elasticity on the Internet have given me the opportunity to present the
theory of optimal prices for maximizing revenue and maximizing profit. Students learned that when a manager has a
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complete description of the demand curve, then he can calculate the price that maximizes revenue and the price that
maximizes profit. | was able to demonstrate that if the students had known that the demand curve for the problem
was completely defined by the equation:

Q =1,000 - 100P
where:

Q = the quantity sold,
P = the selling price,

then they could have easily calculated the price for maximizing revenue, Pr* = $5 per unit and the price for
maximizing profit, Pz* = $6 per unit. If you have estimates of the complete demand curve, then estimates of price
elasticity are irrelevant to the problem of finding optimal prices (Kotler, 1971).

However, a numerical example helps the students understand that the price that maximizes revenue, Pr*, on
a linear demand curve is where elasticity is equal to -1.0 and that the price that maximizes profit, Pz*, is always
greater than or equal to the price that maximizes revenue (Figure 1).

Most students can deal with the fact that both revenues and profits are quadratic in nature. That is to say,
students can deal with the example of revenues and profits rising and then falling as the selling price is increased.
The numerical example supports the student’s intuitive view that when prices are increasing, revenues are increasing
and profits will be increasing when the demand is inelastic. When the demand is inelastic, then profits move in the
same direction as revenues (Figure 1).
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Figure 1: Prices that Maximize Revenue and Profit

However, the intuitive idea that revenues and profits should move in the same direction is not supported
when the elasticity of demand is elastic. The great conceptual difficulty for most business students is to understand
that there is a range of increasing prices over which the revenues are falling but the profits are still rising. When
demand is elastic then there is a range over which selling prices can increase, revenues will decrease and profits will
increase. Pricing scenarios in which profits decrease while revenues are increasing are counter-intuitive to most
students. Price elasticity is a consistent predictor of the relationship between changes in price and changes in
revenue. Price elasticity is an inconsistent predictor of the relationship between price changes and changes in profit.

Knowledge of the demand curve (i.e., the customer response to price changes) is sufficient to understand
how changes in the selling price change the amount of revenue being generated. However, to understand how
changes in price cause changes in the gross profit, then it is necessary to have information about the marginal costs
of production. The importance of the marginal cost of the product (i.e., variable cost per unit) in calculating the price
that maximizes profit is simple to demonstrate when the optimal price for maximum profit, Pz*, is calculated to be
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the price that maximizes revenue, Pr*, plus half the variable cost per unit (i.e., Pz* = Pr* + V/2). Furthermore it is
easy to demonstrate that because the price that maximizes revenue occurs when the price elasticity is equal to -1.0,
then the price that maximizes profit must always be associated with a price elasticity that is equal to, or be a bigger
negative number than -1.0 (Figure 1).

PRICE ELASTICITY OF DEMAND AND MAXIMUM PROFIT

Economists have proven that there is a relationship between price elasticity and the price that maximizes
profit (Lerner Index of Monopoly Power, Lerner 1944). The relationship is discussed in many intermediate
textbooks on the economics of pricing (Perloff, 1999, Pindyck and Runbinfeld 2005). The relationship between
price elasticity and profit hinges on the marginal cost of production (i.e. the variable cost per unit, V).

The relationship between the price that maximizes profit, Pz*, and the price elasticity of demand, Eqp, at
the optimal price is presented as:

Pz* = V/(1+(1/Eqp)

A key assumption to economists in the equation is that the marginal cost of production is constant. Most
economists work with the assumption that marginal costs are increasing and many would find the relationship using
a constant marginal cost of little interest. The relationship is usually presented as an interesting index for examining
monopoly power. However, it has little application for managers setting prices because it does not lead to a direct
calculation of the price that maximizes profit.

The difficulty is that the equation describing the relationship between elasticity and optimal price is true
only when the current price, P, is the optimal price, Pz*, for maximum profit. Some economists, such as Pindyck
and Runbinfeld (2005), present the relationship as a means for checking “whether a particular output level and price
are optimal.” Unfortunately, there is nothing in the equation that suggests any guidance for the marketing manager
seeking to adjust the current price towards higher profits. “The manager who correctly chooses the profit
maximizing markup given the unit variable costs either has a good feel for demand conditions in the market or has
made a lucky guess” (Truett and Truett, 1980, p. 194).

Although markup pricing is presented in every marketing textbook, it appears that marketers have totally
ignored the economists’ equation as a practical tool for profitable pricing. However, marketing managers have a
need for something more than a lucky guess when adjusting prices. Marketers need a simple pricing metric that will
predict when a small price increase will increase profits and when a small price increase will decrease profits. The
relationship of price elasticity to optimal markup allows us to create a practical and consistent guide for adjusting
prices towards higher profitability.

THE OPTIMAL PRICING GUIDE, OPG

The Optimal Pricing Guide, OPG, is a metric that can help marketing managers adjust the selling price in
the direction of greater profits. It starts with a modified version of the Pindyck and Rubinfeld equation (2005, p.
348) and builds on the fact that the optimal price, Pz*, for maximizing profit has been established when the
following equation is true:

1/Mp = |Eqp|
where:

Mp = (P-V)/P = the markup on price

P = the selling price per unit

V = the variable cost per unit (i.e., a constant marginal cost per unit)
(P-V) = the profit per unit sold where P >V

|Egp| = the absolute value of the price elasticity of demand
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However, it is the difference between the absolute value of the price elasticity and the inverse of the
markup that makes the relationship a practical metric. We define the difference between the inverse of the markup
and the absolute value of the price elasticity to be the optimal price guide, OPG. That is to say,

OPG = 1/Mp - |[Eqp|

There are three possible solutions to the equation that make the OPG a practical aid for adjusting a current
price towards greater profitability:

1. A Positive OPG: If the difference between the inverse of the markup and the absolute value of the elasticity
is positive, 1/Mp - |Eqp| > 0, then the OPG is positive and a small increase in price will increase profits.

2. A Negative OPG: If the difference between the inverse of the markup and the absolute value of the
elasticity is negative, 1/Mp - |Eqp| < 0, then the OPG is negative and a small decrease in price will increase
profits.

3. An OPG equal to Zero: If the difference between the inverse of the markup and the absolute value of the

elasticity is equal to zero, 1/Mp - |Eqp| = 0, then the OPG is zero, the price that maximizes profit is reached
and any change in selling price will reduce the gross profit.

It is the basic relationship between the markup on price and the price elasticity to changes in the selling
price that provide the argument for making a price adjustment towards the optimal price.

Changes in Markup on Price, Mp, with Changes in Price

Markup on price is one of the most important metrics in cost-based pricing management. Markup on Price,
Mp, is defined as a ratio of the dollar markup (i.e., profit margin per unit) over the selling price. The inverse of the
markup is

1/Mp = P/(P-V)

For the purposes of this discussion, we assume that the profit margin, P-V, is always positive (i.e., the
selling price, P, is greater than the variable cost per unit, V,) and that the variable cost per unit represents a constant
marginal cost.

A dominant characteristic of the markup on price ratio is that when the price increases and the variable cost
is held constant, then the value of the ratio moves closer and closer to 1.0 or 100%. When the price, P, is very low,
then the profit margin, P-V, is very small. When the profit margin is very small, then the inverse of the markup is a
very large positive humber. When the selling price increases then the inverse value of the markup becomes smaller
and approaches unity (Figure 2). For the markup to be equal to unity, 1/Mp = 1, then the variable cost must be equal
to zero, V = 0. As discussed above when the variable cost is equal to zero, V = 0, then the price that maximizes
revenue is equal to the price that maximizes profit.

Changes in Elasticity, Eqp, with Changes in Price

Price elasticity is a negative index reflecting the fact that a price decrease results in an increase in the
quantity sold. However, it is common for economists to avoid the negative nature of price elasticity and use the
absolute value of the index when discussing price sensitivity. The most important characteristic of using the absolute
value of price elasticity is that its value starts at zero when the price is zero and becomes a larger and larger number
as the selling price increases (Figure 2). When the price reaches the optimal level for maximizing revenue, Pr*, then
the absolute value of elasticity is equal to unity, |Eqp| = 1.When there is a variable cost greater than 0, VV > 0, then
the price that maximizes profit, Pz*, is greater than the price that maximizes revenue, Pz* > Pr*,
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Figure 2: The Optimal Pricing Guide

When the price increases to the optimal level for maximizing profit, Pz*, then the absolute value of the
price elasticity is equal to the inverse value of the markup,

1/Mp = |Eqp|

Figure 2 shows that when the price is lower than the price that maximizes profit, P < Pz*, the value of the
inverse markup is greater than the absolute value of the price elasticity (1/Mp) > |Eqp| and the optimal pricing guide
is a positive number. When the optimal pricing guide is positive, OPG > 0, then a small price increase will increase
profits.

When the price is higher than the price that maximizes profit, P > Pz*, then the value of the inverse markup
is less than the value of the price elasticity, 1/Mp < |Eqgp|, and the optimal pricing guide is a negative number. When
the optimal pricing guide is negative, OPG < 0, then a small price decrease will increase profits.

Using the Optimal Pricing Guide, OPG

Using the difference between the inverse value of the current markup and the absolute value of the
elasticity at the current price is a simple guide to optimal pricing. It is the direction of the sign of the OPG (i.e.,
positive or negative) and not magnitude of number that provides the value in the application. The size of the
difference depends on the size of the variable cost and the sensitivity of the customers to a price change. It would be
a mistake to assume that a larger OPG implies the need for a larger price change to reach the optimal price.

The OPG is a metric that makes estimates of the price elasticity more relevant to the manager seeking to
adjust to a more profitable selling price, but is no panacea. The classic forces that drive changes in the current price
are still in play. Forces such as market growth, customer psychology, the relative prices of the competitors, changes
in the firm’s costs all play their traditional roles in the decision process. The optimal pricing guide simply makes a
small piece of economic theory more relevant in an age where more emphasis is being placed on marketing metrics.
Metrics, such as the proposed OPG, that are soundly rooted in theory of marketing and economics should serve the
manager better than rules of thumb with no logical support.
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