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CONSUMER AND PRODUCER SURPLUS

INTRODUCTION

In general, microeconomics studies scarcity.  How do we use our limited resources to satisfy unlimited desires most efficiently?  With scarcity, these decisions involve trade-offs.  If our limited resources are fully employed, we must give up something to obtain more of something else.  Microeconomics develops tools to address problems of scarcity wherever they arise.
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MEASURING WELFARE

To determine the welfare implications of taxes/subsidies or price ceilings/floors, it would be helpful to have a way to measure the costs of inefficiencies/distortions.  Welfare losses are measured by the concepts of consumer and producer surplus.  Each of these concepts will be described briefly, then applied to measure the implications of speculators.

Consumer Surplus
Suppose the demand for ice cream cones is Qd = 20 - 10P, and the supply of ice cream cones is Qs = 10P.  Equilibrium in the ice cream cone market occurs where Qd = Qs  =>  20 - 10P = 10P  =>  20 = 20P  =>  P = $1, Q = 10.  Thus, each consumer pays $1 for an ice cream cone, and a total of 10 ice cream cones are purchased.  (See graph.)  How much value do consumers receive from these 10 ice cream cones?

The demand curve shows the amount each consumer is willing to pay for an additional unit of output.  According to this demand curve, consumers are willing to pay $1.90 for the first unit of output.  Thus, the first ice cream cone must have a value of $1.90.  Consumers are willing to pay $1.80 for the second ice cream cone, etc., until consumers are just willing to pay $1.00 for the 10th ice cream cone.  (See table.)  Thus, the total area under the demand curve, from the vertical axis to the quantity purchased, shows total value consumers receive from ice cream cones.  What is this total value?  We could calculate the value for all 10 ice cream cones and sum, or take the integral of the demand curve as Q varies from 0 to 10.  (Make sure that the demand curve is expressed with Q as the independent variable so you can integrate with respect to Q.)  0(10 (2 - 0.1Qd)dQd = $15.  Alternatively, with a straight line demand curve, you can calculate the area of the corresponding rectangle (base * height) plus triangle (1/2 * base * height).  In this case, this equals [(10 – 0)* (1 – 0)] + [0.5 * (10 – 0) * (2 – 1)] = 10 + 5 = 15.

Consumers gain a value of $15 from the ice cream cones.  However, because all consumers pay the same price, they had to pay $10.  (Note that the market price is equal to the value received by the last consumer.  Everyone but the last consumer receives a surplus value.  Value equals price for the last consumer.)  Thus, consumers gain a total surplus of $5 of value, value in excess of what they paid.  This is called the consumer surplus, and is the area between the demand curve and the market price as quantity varies from 0 to the total quantity exchanged.  (See graph.)  This value can be approximated by calculating value minus price for each consumer and summing across consumers (see table); by integrating the demand curve minus market price as Q varies from 0 to the total Q exchanged, or by calculating the area of the triangle created by the demand curve and the market price (for a straight line demand curve).  (Note that the values in the table are only approximations.  The sum of consumer surplus in the table is $4.50, as opposed to the $5.00 value calculated above.  The difference results because the table assumes that consumers have a constant value for each ice cream.  According to the demand curve, the value for the first ice cream falls from 2.00 to 1.90 as quantity varies from 0 to 1.  Thus, the actual consumer surplus would be $.95 as opposed to the $.90 value in the table.  All table entries are underestimated by a similar amount, so the table underestimates consumer surplus by $.50.)

Producer Surplus
Not to be outdone, producers also receive a surplus value.  The supply curve shows the price producers require to produce an extra unit of output.  From the supply curve above, producers would supply the first unit of output for $.10, the second unit of output for $.20, etc., and the 10th unit of output for $1.00.  The total revenue they would require to supply 10 units of output is given by the sum of these values, or the integral of the supply curve as Q varies from 0 to the total quantity exchanged.  (Make sure that the supply curve is expressed with Q as the independent variable so you can integrate with respect to Q.)  0(10 (0.1Q)dQ = $5.  With a straight line supply curve this can also be estimated by calculating the area of the corresponding triangle (and rectangle if the supply curve has a positive intercept).

Producers require $5 in revenue to supply 10 units, but they receive $10.  (Note that the market price is equal to the price required by the last producer.  Everyone but the last producer receives a surplus value.  Value is equal to price for the last producer.)  Thus, producers gain a total surplus of $5, revenue in excess of what they require.  This is called the producer surplus, and is the area between the supply curve and the market price as quantity varies from 0 to the total quantity exchanged.  (See graph.)  This value can be approximated by price minus the supply curve (required revenue) for each producer, summed across producers (see table), by integrating the market price minus supply curve as Q varies from 0 to the total Q exchanged, or by calculating the area of the triangle created by the supply curve and market price.  There are similar estimation problems with the table in this case as well.  Thus, the actual producer surplus is $.50 higher than the table indicates.

Q
P
Consumer Value
Excess value
Required Revenue
Surplus Revenue

1
1
1.90
0.90
0.10
0.90

2
1
1.80
0.80
0.20
0.80

3
1
1.70
0.70
0.30
0.70

4
1
1.60
0.60
0.40
0.60

5
1
1.50
0.50
0.50
0.50

6
1
1.40
0.40
0.60
0.40

7
1
1.30
0.30
0.70
0.30

8
1
1.20
0.20
0.80
0.20

9
1
1.10
0.10
0.90
0.10

10
1
1.00
0.00
1.00
0.00
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Welfare

Total welfare is the sum of consumer and producer surplus, $10 in this example.  It measures the excess value generated for all participants in this market by the market activity.  This measure excludes the actual prices paid by consumers and the actual revenues required by producers.  Thus, it is a measure of excess value (welfare) generated for both producers and consumers.

Subsidies and Price Ceilings
We can use the idea of consumer and producer surplus to examine the welfare impacts of subsidies and price ceilings to lower prices and encourage consumption.  As shown below, a subsidy will increase the supply curve, or shift the supply curve to the right (alternatively, the same analysis could be conducted shifting the demand curve to the right).  This will increase the price producers receive (Pp) and encourage them to expand output (Q’).  At the same time, the subsidy reduces the price consumers pay (Pc) and encourages them to consume more (Q’).  As a result, consumption and production both increase, increasing equilibrium output (Q’).

As illustrated in the table and figure, the subsidy increases both consumer and producer surplus.  Both consumers and producers would tend to support this measure.  However, tax payers are the losers.  The tax revenue required to finance the subsidy exceeds the total gain to consumers and producers.  This represents the cost associated with producing units of output for which the cost to producers exceeds the value to consumers.  This cost is the area between the demand and supply curves for the extra units encouraged by the subsidy (area H), as indicated in the table and illustrated in the figure below.

Effect of a Subsidy on Consumer and Producer Surplus


Before Subsidy
After Subsidy

Consumer Surplus
A + B
A + B + C + E + F

Producer Surplus
C + D
C + D + B + G


Consumer
Producer
Total

Net Surplus Gain
C + E + F
B + G
B + C + E + F + G

Tax Expenditure


B + C + E + F + G + H

Net Gain (Loss)


-H
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Price ceilings can be analyzed in a similar fashion.  A price ceiling reduces market price by administrative order.  This increases the quantity demanded but reduces the quantity supplied, as illustrated below.  The price ceiling’s welfare implications can be analyzed by examining consumer and producer surplus. This is described in the table below and illustrated in the corresponding figure.

As illustrated in the table and figure, the price ceiling increases consumer surplus at the expense of producer surplus.  In particular, area B represents an income transfer from producers to consumers.  This represents the impact of reducing price from its equilibrium value to the ceiling price on the items exchanged under the price ceiling.  In addition, there is a net welfare loss.  Areas D and E represent consumer and producer surplus lost as a result of the price ceiling.  This is the surplus value associated with the units that are no longer exchanged after imposing the price ceiling.  This area is frequently referred to as the dead weight loss associated with a price ceiling (you should be able to identify a similar dead weight loss associated with taxes).  Consumers that receive the item ater the price ceiling would support this measure; consumers not receiving the item and producers would oppose it.

Effect of a Price Ceiling on Consumer and Producer Surplus


Before Subsidy
After Subsidy

Consumer Surplus
A + D
A + B

Producer Surplus
B + C + E
C


Consumer
Producer
Total

Net Surplus Gain
B - D
- B - E
- D - E
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SPECULATORS (optional)
Are speculators good people or bad?  Do you want your children to grow up to be speculators?  Why or why not?  We can use consumer and producer surplus to assess the impact speculators have on all market participants in competitive industries, excluding the speculators themselves.

What do speculators do?  They buy products whose prices they expect to increase faster than inflation.  They hold these products and sell them, presumably when prices are higher.  If they are right, they make a profit from their transactions.  Suppose the current demand and supply of condominiums in Monterey is given by P1 = (700 + S) - Qd1 and P1 = -300 + Qs1, respectively, where S is the speculators' demand for condominiums.  Similarly, the demand and supply of condominiums in Monterey next period is given by P2 = 1000 - Qd2 and P2 = (-400 - S) + Qs2, respectively.  

Without speculators. the current price of condominiums in Monterey is $200K, and there are 500 condos available at this price.  (See the graph on the left.)  Speculators believe that the price of condos will rise in the future, so they buy 50 condos.  What impact does this have on the market?  It increases demand (shifts the demand curve to the right by 50 units).  This drives market price up from $200K to $225 (values are assumed for the sake of the example).  At this higher price, the quantity of condos demanded by non-speculators decreases from 500 to 475.  However, speculators are buying 50 condos, so total demand increases to 525.

To assess the impact of this speculation, consider areas 1, 2, 3 and 4 in the left-hand graph.  Area 1 represents an income transfer for the 475 condos purchased by the nonspeculators.  Without the speculators, these condos would have been purchased for 200K.  Instead, they are purchased for 225K.  Thus, there is a 25K/condo income transfer from consumers to producers.  Area 2 would have been consumer surplus for the extra 25 condos nonspeculators would have bought if the price were 200K.  After speculators drive the price up to 225K, the nonspeculators don't buy these condos, so they lose this consumer surplus.  However, suppliers sell these condos to speculators for 225K.  Thus, they gain areas 2 and 3 as the producer surplus associated with these 25 condos.  Finally, area 4 represents a gain in producer surplus from the 25 extra condos that suppliers sell to the speculators.  Thus, when speculators increase condo demand, there is an income transfer from consumers to producers (areas 1 and 2) and a net increase in producer surplus (areas 3 and 4).

In aggregate, do speculators have a positive or negative impact on the market?  How would consumers answer?  Negative impact because of the income transfer.  How would producers answer?  Positive impact because of the income transfer and the increase in total surplus value (areas 3 and 4).  How would economists answer?  Positive impact.  The income transfer is neither positive or negative so there is a net gain to the industry associated with areas 3 and 4.  Speculators increase industry welfare as a whole by increasing the total surplus value to non-speculating market participants.

Suppose one year later the speculators are right and prices have risen to $300K (from demand and supply for period 2 where S = 0).  At this price, there are now 700 condos in the market.  (See right-hand graph.)  If speculators sell their 50 condos, how will it affect the condo market?  The supply curve shifts to the right, increasing the quantity exchanged and decreasing price.  In particular, suppose market price falls to $275K and the total quantity exchanged increases to 725.  At the lower price, some of the non-speculating suppliers have withdrawn from the market.  Thus, the quantity supplied by the non-speculators falls to 675.  Because the speculators supply 50 units, total supply increases to 725.

To assess the welfare impact of this transaction, consider areas 1, 2, 3 and 4 in the right-hand graph.  Area 1 represents an income transfer for the 675 condos sold by the nonspeculators.  Without the speculators, these condos would have sold for 300K.  Instead, they are sold for 275K.  Thus, there is a 25K/condo income transfer from producers to consumers.  Area 2 would have been producer surplus for the extra 25 condos nonspeculators would have sold if the price were 300K.  After speculators drive the price down to 275K, the nonspeculators don't sell these condos, so they lose this producer surplus.  However, speculators sell these condos to consumers for 275K.  Thus, consumers gain areas 2 and 3 as the consumer surplus associated with these 25 condos.  Finally, area 4 represents a gain in consumer surplus from the 25 extra condos that speculators sell to the consumers.  Thus, when speculators increase condo supply, there is an income transfer from producers to consumers (areas 1 and 2) and a net increase in consumer surplus (areas 3 and 4).
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In both of these transactions, speculators increase net industry welfare.  When speculators buy there is an income transfer from consumers to producers and a net increase in producer surplus.  When speculators sell, there is an income transfer from producers to consumers and a net increase in consumer surplus.  How do speculators increase welfare if they do not create anything new?  What they create is a redistribution of resources across time.  In particular, when they are right, they transfer resources from periods where they are relatively plentiful (i.e., the price is relatively low) to periods when they are relatively scarce (i.e., the price is relatively high).  This transfer over time creates the value that generates the welfare increase and the speculators profits.  For example, consider speculation in oil.  Suppose a speculator buys a barrel of oil when the price is $18, and holds the oil to resell later.  The value of that oil in current consumption is $18.  Suppose the speculator resells the barrel of oil later for $36.  Using the barrel of oil later rather than earlier has doubled he value derived from that barrel of oil.  Thus, transferring resources over time, from periods when they are relatively plentiful to periods when they are relatively scarce, increases the value derived from those resources.  This is what speculators create.  (Note that speculators stabilize prices.  Without speculators, condo prices would fluctuate from 200K to 300K.  With speculators, prices only fluctuate from 225K to 275K.  If speculators are wrong, price swings become more severe).

Notice that in this example the speculators profits are affected by S.  As S increases, price increases in period 1 and decreases in period 2.  This reduces the speculator's profits per unit.  At the same time, an increase in S increases the number of units for which the speculator earns a profit.  These are conflicting effects.  This raises the question, what is the profit maximizing level of speculation?  As shown in Figures 1a below, if the discount rate is zero, profits increase, reach a peak at S = 50, and then decrease.  In other words, for S ≤ 50, the increase in S more than offsets the decrease in π/unit and π increase.  When S > 50, the decrease in π/unit affects enough units that π decreases as S increases.  Figure 2a shows that increases is S increase consumer surplus summed over the two periods, but producer surplus decreases.  As S increases it essentially introduces another source of supply.  The increase in competition benefits consumers at the expense of producers.  This result is consistent with the comparison of different market structures.  As we move from monopoly to perfect competition by increasing the number of firms, consumer surplus increases and producer surplus decreases.

If the discount rate r = 10%, the same pattern persists (Figures 2a and 2b).  However, the profit maximizing S is below 50.  As the discount rate increases, speculation becomes less attractive.  Increases in r do not affect P1 but they reduce P2 because the future price is discounted.  Thus, the optimal value of S decreases as r increases.
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