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PAI 723 Professor David Popp 
Solutions to Problem Set #6 Fall 2022 
 
1. a) To find the efficient level of production, we equate the social marginal cost and 

demand.  Social marginal cost is the sum of private marginal costs (8) and marginal 
damages (18).  (Note that each of these are constant. For example, each additional 
bag of marbles costs $8. It is not correct to use 8Q for marginal cost.  8Q is the total 
cost -- the cost of each unit times total output.  To find the optimal point, we must work 
with marginal values.) 

 

 
 

We get: 
SMC = 8 + 18 = 80 - 6Q = demand 

6Q = 54 
Q = 9 

 
b) Without government intervention, Mack’s will equate demand and private marginal 

costs.  Overproduction results: 
8 = 80 – 6Q 

Q = 12 
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c) To encourage an efficient level of production, we need to make the firm take the social 
costs of its production into account.  A Pigouvian tax will do this.  We set the tax equal 
to the marginal damage at the optimal point.  This is equal to $18.  The firm must pay 
an $18 tax for each unit produced.  With a Pigouvian tax, the firm’s MC = 26 (= 18 + 
8).  Thus, 

 
26 = 80 - 6Q 

Q = 9 
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2. a)  To find the total costs of abatement for each firm, we add up the marginal abatement 
costs for each gallon. 

 
 For Acme Acids, the total cost of abatement = $5 + $10 + $15 + $20 + $25 + $30 = 

$105. 
 For Barry’s Bases, the total cost of abatement = $10 + $20 + $30 + $40 + $50 + $60 

= $210. 
 
 The combined total is $315. 
 
b) This is not the cheapest way to reduce 12 gallons of pollution.  To see this, note that 

marginal abatement costs of the last gallon reduced are not equal.  Eliminating the 6th 
gallon of pollution only costs Acme Acids $30.  In contrast, eliminating the 6th gallon 
costs Barry’s Bases $60.  If Barry’s Bases did not have to eliminate this 6th gallon, 
they would save $60.  At the same time, suppose we ask Acme Acids to remove one 
additional gallon (so that total abatement remains at 12 gallons).  This would only cost 
Acme $35.  Thus, we could still reduce 12 gallons of pollution, but save $25 (= 60-35). 

 
 Such savings are possible any time the two marginal abatement costs aren’t equal.  

Thus, we can continue making such trades until the marginal abatement costs are 
equal.  This occurs when Acme Acids removes 8 gallons of pollution, and Barry’s 
Bases removes 4 gallons of pollution.  Here, the marginal abatement cost of each firm 
equals $40. 

 
 Note that the total abatement costs have now fallen.  Acme Acid’s cleanup costs rise 

slightly, to $180.  However, Barry’s Bases now spends only $100 on pollution 
abatement.  The total abatement cost of $280 is $35 lower than in part (a). 

 
c) There are a couple of policy options that could achieve an efficient allocation of 

abatement responsibility.  One is an emissions fee.  Consider an emissions fee set 
just above $40 (e.g. $40.01).  For Acme Acids, they will not choose to pollute and pay 
the fee until they have removed 8 gallons of pollution, since the marginal abatement 
cost for the first 8 gallons is less than the fee.  In contrast, Barry’s Bases will only 
remove 4 gallons of pollution. After that, it is cheaper to pay the fee than to pollute 
less. 

 
 An alternative policy with the same effect would be to give each firm tradable pollution 

permits.  We could begin by giving each firm enough permits to cover one-half of their 
pollution.  Thus, the starting point is similar to the current policy.  However, if firms are 
allowed to buy and sell permits, Barry’s Bases will buy permits from Acme Acids until 
their two marginal abatement costs are equal.  At that point, no more beneficial trades 
are possible.  For example, beginning with the initial allocation, Acme and Barry could 
negotiate a permit price anywhere between $35 and $60.  At this price, Acme could 
sell one permit to Barry.  Since Acme’s marginal abatement cost for the 7th gallon is 
$35, any price above $35 allows them to cover the clean-up costs and save the 
remainder as profit.  Similarly, by reducing one less gallon of pollution, Barry’s Bases 
saves $60.  Thus, they are willing to pay any price up to $60 to avoid the clean-up 
cost. 
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3. No, I.C. Snow’s claim that the rink is a public good is not valid.  Although it is true that 
Clinton Square was built with public funds, and that the rink is run by the Parks and 
Recreation Department, it does not meet the definition of a public good.  A public good 
must be non-rival and non-excludable.  Neither applies here.  The rink is rival, because 
if too many people skate at once, the rink will be overcrowded.  Thus, it is important 
to limit the number of skaters on the rink at one time.  Charging a fee is one way to do 
this.  Moreover, charging a fee is possible (not surprising, since it is currently being 
done), because the rink is excludable. It is possible to limit access points to the rink, 
which makes it feasible to require payment of the $3 fee before entering.  Given this, 
as well as the need to avoid congestion, it does make sense to charge a fee for 
admission to the rink. 

 
 
4. There is no one correct answer to this question.  I would argue that the programmer 

is wrong, although other answers are acceptable.  The programmer is right on one 
point.  More innovative programs would benefit more people.  This is because the 
knowledge contained in these programs is a public good.  It is non-rival -- one person 
taking advantage of a program does not prevent others from doing so.  It is also non-
excludable -- there is no way to prevent others from using this knowledge.  However, 
it is the non-excludable nature of knowledge that led to copyrights being used.  
Copyrights give the programmer the property rights to their ideas, so that they can 
charge money for them.  Without these copyrights, programs would be underprovided.  
There would be no incentive to create new programs, since, due to the non-excludable 
nature of knowledge, there would be no way for programmers to be compensated for 
their work.  It is likely that removing copyrights would lead to less, not more, innovative 
programs. 

 
 In the past, many people answered this question by discussing externalities, rather 

than public goods. This is O.K., but you need to be careful when you do this.  An 
externality is created when a person’s actions affect someone else, and that person 
is not charged or compensated for the activity.  In this case, there is a positive 
externality to the programs.  Thus, the private marginal benefits of programming are 
less than the social marginal benefits.  An efficient level of production occurs where 
SMB = MC.  Copyrights help to bring this about. Recall that private production occurs 
where PMB = MC.  Without copyrights, the private marginal benefits would be very 
low, because of non-excludability.  Since copyrights allow individuals to be 
compensated for their work, it shifts out the private marginal benefit curve. Thus, 
copyrights help to internalize the external benefit.  In a sense, the higher prices that 
result from copyrights act as a subsidy from consumers to programmers.  Without 
copyrights, the level of programming provided by the private market would decrease.  
Note, however, that this does not imply that copyrights lead to an efficient amount of 
software being produced.  It simply means that more will be produced. 
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5. a) If costs are shared equally, each must pay $100.  Begin by considering the benefits 
minus cost for each individual: 

 
Elmo = 150 – 100 = $50 
Big Bird = 140 – 100 = $40 
Oscar = 50 –100 = -$50. 
 

 Since two of the three voters have positive net benefits, the beautification project will 
pass.  Total net benefits are $40, so this is an efficient outcome. 

 
b) In this case, the cost per person is $125.  Recalculate net benefits to get: 

 
Elmo = 150 – 125 = $25 
Big Bird = 140 – 125 = $15 
Oscar = 50 –125 = -$75. 

 
 Again, the project will pass.  However, this time the result is inefficient, since total net 

benefits are negative (-$35). 
 
c)  If votes could be bought and sold, Oscar would simply need to make an offer that 

would convince either Elmo or Big Bird to change his vote. Since Big Bird has lower 
net benefits in each case, it would be cheaper to buy Big Bird’s vote.  For (a), suppose 
Oscar offered Big Bird $45 to vote no.  Big Bird would be better off (he would get $45 
cash, rather than $40 of benefits from the project).  Similarly, Oscar only loses $45, 
rather than $50.  Similarly, Oscar could offer Big Bird some amount greater than $15 
to get him to vote no in part (b). 

 
 Note that trades are possible in both (a) and (b).  However, the trades have the 

opposite implications for efficiency.  In part (a), the trade turns an efficient outcome 
into an inefficient one.  In part (b), the trades turn an inefficient outcome into an 
efficient one. 

 


	PAI 723 Professor David Popp
	Solutions to Problem Set #6 Fall 2022

