Chapter 17
Externalities and Public Goods

Solutions to Problems

[bookmark: _GoBack]1. Why does an otherwise competitive market with a negative externality produce more output than would be economically efficient?

A competitive market with a negative externality produces more output than is socially optimal.  This occurs because the firms in the industry do not take into account the external costs associated with production; they only take into account their private costs.  Because they view the cost as lower than it actually is, they produce more than would be produced if they were forced to take into account the external costs.

5. What is a public good? How can one determine the optimal level of provision of a public good?

A public good is any good that is nonexclusive and nonrival.  To determine the optimal level of provision of a public good, one should determine the marginal social benefits from the public good, which is equal to the sum of the marginal private benefits for the individual consumers, and equate that to the marginal cost of providing the public good.  Units of the good should be provided as long as the marginal social benefit exceeds the marginal cost. This will occur up to the point where the marginal social benefit equals the marginal cost.

6. Why does the free-rider problem make it difficult or impossible for markets to provide public goods efficiently?

It is difficult to provide public goods efficiently when free riders exist.  Free riders will consume the good, but will pay nothing for the good, anticipating that others will pay.  It may therefore prove difficult to raise funds to finance a project with a public good, leading to an under-production of the good, or possibly even no provision of a good with positive net benefits.

8. a) Explain why cigarette smoking is often described as a good with negative externalities.
b) Why might a tax on cigarettes induce the market for cigarettes to perform more efficiently?
c) How would you evaluate a proposal to ban cigarette smoking? Would a ban on smoking necessarily be economically efficient?

a)  For one, by smoking in public, smokers force other individuals to breathe air with smoke, known as second-hand smoke.  In addition, the health problems associated with smoking force society to pay higher health care costs to pay for smoking related illnesses, both for smokers and for those who breathe second-hand smoke, than if no one in society smoked.

b)  By imposing a tax on cigarettes the government increases the marginal private cost of smoking and forces the individual to take into account (at least some of) the negative externality associated with smoking.  This would likely reduce the level of smoking in society, pushing the equilibrium toward the socially efficient level of smoking.

c)  A ban on smoking entirely is probably not socially efficient.  To evaluate such a ban, one would need to compare the marginal benefits with the marginal social costs.  The ban would only be socially efficient if the marginal social costs exceed the marginal benefits at a level of zero.  This would not necessarily be socially efficient because it is possible that the marginal benefit of smoking exceeds the marginal social cost for low levels of smoking.

11. The accompanying graph (below)) shows the demand curve for gasoline and the supply curve for gasoline. The use of gasoline creates negative externalities, including CO2, which is an important source of global warming. Using the graph and the table below, identify:
• The equilibrium price and quantity of gasoline
• The producer and consumer surplus at the market equilibrium
• The cost of the externality at the free-market equilibrium
• The net social benefits arising at the free-market equilibrium
• The socially optimal price of gasoline
• The consumer and producer surplus at the social optimum
• The cost of the externality at the social optimum 
• The net social benefits arising at the social optimum
• The deadweight loss due to the externality
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	Equilibrium price and quantity = P2 and Q2
	Social optimum price and quantity = P1 and Q1 
	Difference between social optimum and equilibrium

	Consumer surplus
	A+B+G+K
	A
	-B-G-K

	Private producer surplus
	E+F+R+H+N
	B+E+F+R+H+G
	B+G-N

	- Cost of externality
	-R-H-N-G-K-M
	-R-H-G
	M+N+K

	Net social benefits
	A+B+E+F-M
	A+B+E+F
	M

	Deadweight loss
	M
	Zero
	M



12. Consider a manufactured good whose production process generates pollution. The annual demand for the good is given by Qd = 100 - 3P. The annual market supply is given by Qs = P. In both equations, P is the price in dollars per unit. For every unit of output produced, the industry emits one unit of pollution. The marginal damage from each unit of pollution is given by 2Q.
a) Find the equilibrium price and quantity in a market with no government intervention.
b) At the equilibrium you computed, calculate: (i) consumer surplus; (ii) producer surplus; (iii) total dollars of pollution damage. What are the overall social benefits in the market?
c) Find the socially optimal quantity of the good. What is the socially optimal market price?
d) At the social optimum you computed, calculate: (i) consumer surplus; (ii) producer surplus; and (iii) total dollars of pollution damage. What are the overall social benefits in the market?
e) Suppose an emissions fee is imposed on producers. What emissions fee would induce the socially optimal quantity of the good?

a)	100 – 3P = P  P = 25 and Q = 25. 
c)	MEC = 2Q, while MPC = Q. Thus, MSC = 3Q. To find the optimal quantity, we equate MSC to inverse demand, or 3Q = 100/3 – Q/3, or Q = 10. The socially optimal price would equal the marginal social cost at the optimal quantity, or P = 3(10) = $30.
e)	The optimal emissions fee is equal to the difference between MSC and MPC at the socially optimal quantity. Since MSC = 3Q and MPC = Q, and Q = 10, the optimal emissions fee equals: 3(10) – 1(10) = $20 per unit.
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	Equilibrium price and quantity = P2 and Q2
	Social optimum price and quantity = P1 and Q1 
	Difference between social optimum and equilibrium

	Consumer surplus
	A+B+G+K = $104.167
	A = 
$1.67
	-B-G-K =
-$102.50

	Private producer surplus
	E+F+R+H+N =
$312.50
	B+E+F+R+H+G = $250
	B+G-N=
-62.5

	- Cost of externality
	-R-H-N-G-K-M =      -$625
	-R-H-G =                 -$100
	M+N+K=
$525

	Net social benefits
	A+B+E+F-M =              -$208.33
	A+B+E+F=
$151.67
	M=
$360

	Deadweight loss
	M = 
	Zero
	M



14. The market demand for gadgets is given by Pd = 120 - Q, where Q is the quantity consumers demand when the price that consumers pay is Pd. Gadgets are competitively supplied according to the inverse supply curve (and marginal private cost) MPC = 2Q, where Q is the amount suppliers will produce when they receive a price equal to MPC. The production of gadgets releases a toxic effluent into the water supply, creating a marginal external cost of MEC = Q. The government wants to impose a sales tax on gadgets to correct for the externality. When producers receive a price equal to MPC, the amount consumers must pay is (1 + t)MPC, where t is the sales tax rate. Find the level of the tax rate that ensures the socially optimal amount of gadgets will be produced in a competitive equilibrium.

The socially optimal output level occurs where P = MPC + MEC, or 120 – Q* = 2Q* + Q*, implying Q = 30.  With the sales tax, the equilibrium output level occurs where Pd = (1 + t)MPC, or 120 – Q = (1 + t)(2Q).  As a function of t, the equilibrium output level is then Q = 120/(3 + 2t).  
The optimal sales tax level ensures that Q = Q*, or 120/(3 + 2t) = 30.  Solving, we have t = 0.50.

15. A firm can produce steel with or without a filter on its smokestack. If it produces without a filter, the external costs on the community are $500,000 per year. If it produces with a filter, there are no external costs on the community, and the firm will incur an annual fixed cost of $300,000 for the filter.
a) Use the Coase Theorem to explain how costless bargaining will lead to a socially efficient outcome, regardless of whether the property rights are owned by the community or the producer.
b) How would your answer to part (a) change if the extra yearly fixed cost of the filter were $600,000?

a)	If the firm installs the filter, the community benefits by $500,000 while the firm incurs a cost of $300,000.  The socially efficient outcome is for the firm to install the filter.
	If the firm possesses the right to pollute, the community will have an incentive to pay the firm some price above $300,000 (perhaps $499,999) to induce the firm to install the filter.  Afterwards, the community would be $1 better off and the firm would be $199,999 better off.
	On the other hand, suppose the community possesses the right to prevent the firm from polluting.  The firm then has two choices: it could install the filter at a cost of $300,000, or it could compensate the community for the costs of its pollution by paying them $500,001.  Since it’s clearly cheaper to install the filter, the firm will have a strong incentive to choose this socially efficient outcome.

b)	If the filter costs $600,000, then the socially efficient outcome is for the firm to not install the filter, since the costs exceed the benefits.
	If the firm possesses the right to pollute, it will do so.  Although the community is willing to pay the firm up to $500,000 to stop polluting, that does not exceed the firm’s costs of installing the filter.
	If the community possesses the right to prevent the firm from polluting, then the firm will have a strong incentive to compensate the community for the costs of polluting rather than installing the filter.  The community could demand that the firm either install the filter or pay it some price less than $600,000 (say $599,999).  Then the firm would be better off (by $1) installing the filter, while the community also benefits (by $99,999) since the payment exceeds the costs of living with the pollution.




16. Suppose a factory located next to a river discharges pollution that causes $2 million worth of environmental damage to the residents downstream. The factory could completely eliminate the pollution by treating the water on location at a cost of $1.6 million. Alternatively, the residents could construct a water purification plant just upstream of their town, at a cost of $0.8 million, which would not completely eliminate the environmental damage to them but reduce it to $0.5 million. Under current law, the factory must compensate the town for any environmental damage the factory causes. Bargaining between the factory owner and the town is costless. What would the Coase Theorem imply about the outcome of bargaining between the town and the factory owner?

There are three scenarios that could emerge: (a) status quo in which pollution damage is $2 million; (b) full elimination of pollution at a cost of $1.6 million; (c) construction of a water purification plant near the town for $0.8, which reduces pollution damage to $0.5 million. The Coase theorem predicts that bargaining would result in the option with the lowest total cost -- damage cost plus abatement cost -- which is (c), and that furthermore, this option would emerge irrespective of which party has the property rights. 

In this case, because the town has the property rights, it could indeed force the factory to either pay $2 million in damages or to completely eliminate the pollution at a cost of $1.6 million. This suggests that the firm would be forced to eliminate the pollution for $1.6 million. But if bargaining is costless, we would imagine that the factory would approach the town and say: “Look, we have a better idea than this expensive solution. We will build you a purification plant near your town for $0.8 million. We know that this will not fully clean up the damage, and so we will compensate you $0.5 million for the remaining damage. We have reduced the damage by $1.5 million and compensated you for the remaining damage of $0.5 million. You are better off, and by the way, we are better off, too, because this solution only costs us $1.3 million, rather than $1.6 million. This deal is win-win for both us.”

18. There are three consumers of a public good. The demands for the consumers are as follows:
Consumer 1: P1 = 60 - Q
Consumer 2: P2 = 100 - Q
Consumer 3: P3 = 140 - Q
where Q measures the number of units of the good and P is the price in dollars. The marginal cost of the public good is $180. What is the economically efficient level of production of the good? Illustrate your answer on a clearly labeled graph.




The economically efficient level of output occurs where .  Since this occurs where all three consumers are in the market we have


	

19. Suppose that the good described in Problem 17.18 is not provided at all because of the free rider problem. What is the size of the deadweight loss arising from this market failure?


If the good is not provided at all, the deadweight loss would be the area under the demand curve (the  curve) and above the marginal cost curve, or 0.5(300 – 180)(40) = 2400.  This is a deadweight loss because it measures the potential net economic benefits that would disappear if the good were not offered.
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